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Abstract
Management of patients with hepatic metastases as
the sole metastatic site at diagnosis of gastric cancer
(synchronous setting) or detected during follow-up
(metachronous) is controversial. The prevailing attitude in
these cases is passive, leading to surgical palliation and,
possibly, to chemotherapy. Authors focused this editorial
in order to promote a more pragmatic attitude. They
stress the importance of recognizing the good candidates
to curative surgery of both gastric cancer and hepatic
metastases (synchronous setting) or hepatic disease
alone (metachronous disease) from those who will not
benefit from surgical therapy. In fact, in adequately
selected subgroup of patients surgery, especially if
integrated in multimodal therapeutic strategies, may
achieve unexpected 5-year survival rates, ranging
from 10% to 40%. The critical revision of the literature
suggests that some simple clinical criteria exist that may
be effectively employed in patients selection. These are
mainly related to the gastric cancer (factors T, N, G) and
to the extent of hepatic involvement (factor H). Upon
these criteria it is possible to adequately select about
50% of cases. In the remaining 50% of cases a critical
discussion on a case-by-case basis is recommended,
considering that among these patients some potential
long-survivors exist, that survival is strictly influenced
by the ablation of the tumor bulk and by multimodality
treatments including chemotherapy and that in expert
institutions this kind of surgery is performed with very
low mortality and morbidity rates.
Key words: Gastric cancer; Hepatic metastases; Surgical
palliation; Therapeutic strategy; Hepatectomy; Selection
criteria; Gastrectomy; Chemotherapy
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Core tip: Authors highlight the reasons for an active
attitude in case of patients with gastric cancer and
hepatic metastases. They show that when the liver is
the sole metastatic site it is possible to select the good
candidates for surgical management of both gastric
cancer and hepatic metastases and to recognize those
who will not benefit from an aggressive attitude. They
also show that the multidisciplinary approach to these
patients is the best option.
Tiberio GAM, Roviello F, Donini A, de Manzoni G; the Italian
Research Group for Gastric Cancer. Hepatic metastases from
gastric cancer: A surgical perspective. World J Gastroenterol
2015; 21(41): 11489-11492 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i41/11489.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i41.11489

Sparkling is research and clinical activity which focuses
on hepatic metastases from colorectal cancer, but the
waters surrounding hepatic metastases from gastric
cancer are still.
[1]
In 2005 the French Association of Surgery produ
ced the first report with more than 100 hepatectomies,
recruiting 101 cases from 41 centres. In 2010 Kerkar
[2]
et al reviewed 436 patients collected from 19 surgical
series published over a 20-year time-span. The most
[3]
recent review, published by Fitzgerald et al collected
481 cases published in the period 1990-2013. Despite
this, the incidence of hepatic metastasis from gastric
cancer during the course of the disease figures around
20% in eastern countries such as Japan and South
Korea and rises to 30%-40% in Europe and North
America, lying unmeasured -yet probably over 50%- in
other less closely-monitored countries.
It seems that the clinical community does not
include surgery among the therapeutic options for
these patients. We all have daily experience of the
aggressive biology of gastric cancer, especially when
at metastatic stage. We also experience the frequent
coexistence of multiple metastatic sites as well as
hepatic involvement and are also aware that hepatic
and systemic recurrence is almost systematically
observed after hepatectomy or ablative treatments.
However, literature is consistent in reporting un
expected results after aggressive multidisciplinary
management including surgery in gastric cancer
[4]
patients when the liver is the sole metastatic site .
This clinical context is observed in about 33% of cases
presenting hepatic metastases, but in these cases
5-year survival rate is reported between 10% and
40% of cases.
In other fields of our work, such as pancreatic
cancer, surgeons struggle in their theatres for hours,
master difficult techniques, face perilous postoperative
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complications and accept surgical mortality for similar
but often worse results. Why is this not the case for
gastric cancer with hepatic metastases as the only
metastatic site?
The main reason may be found in the curve
that describes survival after surgery: a step drop is
systematically observed during the first year, mortality
is around 40% after 6 mo and reaches 70%-80% 1
year after surgery. This suggests the critical point:
selection of candidates to curative surgery. All papers
published on this topic investigate selection criteria and
prognostic factors of major clinical relevance. However,
[5-16]
thirteen of them
are of great interest since their
results are based on cohorts of patients as observed in
every-day clinical practice and not upon super-selected
populations submitted to surgical treatment.
In the different settings of the disease, syn
chronous and metachronous presentation, simple
clinical variables such as factor T of gastric primary
and extension H of hepatic involvement may be
employed to select the best candidates for curative
[6,7,10,15,16]
surgery
and those to be excluded from
hepatic resection. These factors also seem to display
[6]
a cumulative effect. In the synchronous setting
gastric cancer T > 2 and scattered bilobar metastases
(H3) are negative prognostic factors with clear
clinical value. In fact, median and 5-year survival was
respectively 23 mo and 27% for the 10% of cases
which did not display the 2 risk factors, while patients
affected by T ≥ 3 gastric cancer and H3 metastases
(30% of cases) displayed a median survival of 6 mo
and did not survive more than 16 mo. Accordingly,
[10]
in the metachronous setting
the variable T4, N+
and G3 showed a negative prognostic role. Patients
not presenting these variables (7%) had a 5-year
survival rate of 40%, those affected by two or three
negative prognostic factors (48%) had a median
survival of 4 ± 3 mo. Upon these bases, it is possible
to select the best candidates for curative resection,
those for whom an aggressive treatment should be
mandatory, from those who will not benefit from
hepatectomy. All together, they represent 40%-55%
of cases. In the middle one finds the huge group of
cases presenting 1 risk factor. They do not display an
astonishing survival performance (median survival is
around 8-9 mo). Yet among these it is possible to find
long-term survivors. We think that in these cases the
therapeutic decision should be discussed on a case
by case basis, considering that the major prognostic
factor emerging from the cited papers is represented
by the possibility to achieve a curative resection. This
should be pursued whenever possible, also referring to
[5,8]
ablative procedures such as RFA . It must be noted
that in tertiary Institutions these complex procedures
are safe: in both the synchronous and metachronous
setting mortality is limited to some unit percent
(0%-3%) and morbidity reflects that of major surgery,
well under 20% of cases.
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We would like to stress here that the completeness
of tumor bulk removal is a key-point of the therapeutic
strategy. The expansion of the experience and the most
[1,17-25]
recent series focusing on surgical subgroups
,
indicate this point precisely. The importance of a
radical resection/ablation of gastric cancer and hepatic
metastases stands out progressively while other
prognostic factors reveal themselves as disturbing and
[4]
non-existent .
A pragmatic multi-disciplinary approach, integrating
neo-adjuvant and/or adjuvant chemotherapy, offers
the possibility for further improvements in results. In
[10]
our recent paper , adjuvant chemotherapy revealed
itself as the most powerful prognostic factor. The
effective integration of the different disciplines will be
the next breakthrough although it will require a great
deal of hard work. Though a paradox, chemotherapy
with neo-adjuvant intent is not routinely accepted
in metastatic settings, especially in synchronous
presentation, and patients are more often enrolled in
protocols of palliative chemotherapy.
Concluding this editorial, we repeat that through
slow but constant progress it is possible today to
operate a certain selection of candidates to curative
resection and that complete removal of the neoplastic
bulk must be achieved. It is relatively easy to recognize
the best candidates to be operated on or - at least - to
be centralized in expert centres, where these complex
procedures can be performed with very low operative
morbidity and mortality. Upon this basis, we hope
that a μετάνοια (change of mind) will spread through
our community, leading to a general and consistent
improvement of survival results, at least for some of
the most unlucky among gastric cancer patients.
Will we accept the challenge?
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Abstract
The use of norfloxacin either as primary or secon
dary prophylaxis of bacterial infections in advanced
cirrhosis has improved patient’s survival. This may
be explained not only due to a significant decrease
in the number of infections, but also because of a
direct immunomodulatory effect. Selective intestinal
decontamination with norfloxacin reduces translocation
of either viable bacteria or bacteria-driven products from
the intestinal lumen. In addition, norfloxacin directly
modulates the systemic inflammatory response. The proinflammatory cytokine profile secreted by neutrophils
from these patients shows a close, significant, and
inverse correlation with serum norfloxacin levels. Similar
effects have been described with other quinolones in
different clinical conditions. Although the underlying
mechanisms are not well defined for most of the
antibiotics, the pathways triggered for norfloxacin to
induce such immunomodulatory effects involve the
down-regulation of pro-inflammatory inducible nitric
oxide synthase, cyclooxygenase-2, and NF-κB and
the up-regulation of heme-oxygenase 1 and IL-10
expression. The knowledge of these immunomodulatory
effects, additional to their bactericidal role, improves our
comprehension of the interaction between antibiotics
and the cellular host response and offer new possibilities
for the development of new therapeutic strategies to
manage and prevent bacterial infections in cirrhosis.
Key words: Cirrhosis; Prophylaxis; Cytokines; Bacterial
DNA; Norfloxacin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The use of antibiotic therapy to either treat
or prevent frequent bacteria-derived complications
arising in patients with cirrhosis is well established. The
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knowledge of antibiotic immunomodulatory mechanism,
additional to their bactericidal role, improves our
comprehension of the interaction between these
molecules and the cellular machinery, and provides
insight on the development of alternative strategies in
the management and prevention of bacterial infections
in cirrhosis.
Zapater P, González-Navajas JM, Such J, Francés R. Immu
nomodulating effects of antibiotics used in the prophylaxis of
bacterial infections in advanced cirrhosis. World J Gastroenterol
2015; 21(41): 11493-11501 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i41/11493.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i41.11493

BACTERIAL INFECTIONS IN CIRRHOSIS
Bacterial infections are among the most frequent
complications arising in patients with cirrhosis and are
associated with clinical consequences such as failure
[1]
to control bleeding from oesophageal varices and
[2]
reduced survival . Up to 35% of patients with cirrhosis
develop nosocomial infections whereas this percentage
[3]
is significantly lower (5%) in the general population .
Bacterial infection episodes are mainly caused by
Gram-negative bacilli of enteric origin. Bacterial species
such as Escherichia coli (E. coli) are responsible for
spontaneous bacterial peritonitis (SBP) episodes,
urinary tract infections or pneumonia in cirrhosis.
The accepted pathogenic mechanism to explain
the passage of bacteria or their products from the
intestinal lumen through the intestinal wall and to
mesenteric lymph nodes (MLNs) is defined as bacterial
[4,5]
translocation (BT)
. Spontaneous BT, evaluated
either by culture-positive MLNs or the presence of
surrogate markers in blood such as lipopolysaccharide
(LPS)-binding protein (LBP) or bacterial DNA, has
been reported to occur in 30%-35% of patients with
[6-8]
cirrhosis .
Intestinal bacterial overgrowth (IBO), increased
intestinal permeability and immune alterations
are considered as the main mechanisms involved
in the pathogenesis of BT in cirrhosis (Figure 1).
Experimental studies have shown a higher rate of IBO
in cirrhotic rats with ascites and BT compared with
[9,10]
those without BT
. However, these studies also
report a significant percentage of animals showing IBO
without BT, suggesting the implication of other factors
in the pathogenesis of BT.
The gut barrier integrity is also considered as
an important issue in preventing BT. Recent studies
have shown the relevance of maintaining gut barrier
integrity as a potential target to modify/reduce BT
episodes in experimental cirrhosis. Increased intestinal
permeability has been associated with increased serum
endotoxin levels in different experimental models of
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[11]

liver damage
and the gut barrier protective role of
certain probiotics have succeed in decreasing induced
[12]
[13]
BT in CCl4-cirrhotic mice
and rats . However,
therapy against IBO without interfering intestinal
permeability has been shown to decrease the rate of
[14]
BT in cirrhotic rats , suggesting that the increase
of intestinal permeability may not be sufficient for
explaining BT pathogenesis
Finally, translocating bacterial products into MLNs or
to portal blood are usually phagocyted and neutralized,
but alterations in local and systemic immunity may
favour the development of BT episodes. For example,
SBP has been correlated with nucleotide-binding
oligomerization domain containing protein 2 (NOD2)
gene variants that fail in the recognition of bacterial
[15]
peptidoglycans therefore affecting local immunity .

BACTERIAL TRANSLOCATION AND
INFLAMMATION
Decompensated cirrhosis is associated with impaired
[16,17]
cellular and humoral immune responses
. For
instance, decreased serum levels of Complement
[18]
subunit C3 predispose to develop SBP . Cirrhosis and
the development of SBP has also been correlated with a
decreased phagocytic activity of the reticuloendothelial
[19]
system . In addition, the translocation of bacteria
or their products induces a chronic inflammatory
response that may aggravate the haemodynamic
[20]
disturbances observed in cirrhosis .
Our group has extensively worked on the systemic
inflammatory mechanisms and consequences of the
passage of bacterial products into the blood of patients
with decompensated cirrhosis. The cell mediated
immune response and nitric oxide production is
activated in peritoneal macrophages from patients
with cirrhosis and ascites who show translocation of
[21]
bacterial DNA into blood and ascitic fluid (AF) , and
the relevance of the inflammatory response is species[22]
specific in serum and AF of these patients . Also, the
translocation of bacterial DNA induces the activation
of the complement system in patients with advanced
[23]
cirrhosis , probably justifying its consumption when
[24]
repeated episodes occur . We have reported as
well an ERK-related signalling pathway activated
in peritoneal macrophages in response to bacterial
[25]
DNA , the similarity between the inflammatory
reaction induced by bacterial DNA translocation and
[26]
that observed in overt infections such as SBP
and
the detection of bacterial-synthesized peptides in the
ascitic fluid of patients with decompensated cirrhosis
associated with an increased pro-inflammatory cytokine
[27]
cascade . In addition, other bacterial products such
as LPS have widely shown their immunogenic effect
[28]
on patients with cirrhosis . All this evidence clearly
state not only the translocation of viable bacteria
but also the translocation of bacterial products as an
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Activation of peritoneal macrophages

SBP
and/or
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(LPS, bactDNA) in blood and/or
ascitic fluid

Activation of complement system
Increased synthesis of TNF alpha
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Impaired cellular and humoral immune
responses
4
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Intestinal epithelial cells

2
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1

Figure 1 Bacterial translocation and spontaneous bacterial peritonitis - pathogenic mechanisms. Intestinal bacterial overgrowth (1), increased intestinal
permeability (2) and immune alterations (3 and 4) are considered as the main mechanisms involved in the pathogenesis of bacterial translocation (BT) defined as the
passage of bacteria from the intestinal lumen through the intestinal wall and to mesenteric lymph nodes (MLNs) in cirrhosis. SBP: Spontaneous bacterial peritonitis.

immunogenic mechanism directly implicated in the
engagement of systemic inflammation in cirrhosis.
Other studies focused on mucosal inflammation
have demonstrated that the synthesis of TNF-α and
nitric oxide exacerbates oxidative damage in the
[29]
intestinal mucosa , which in turn increases intestinal
permeability probably favouring BT and creating a
feedback that perpetuates inflammation. In fact, our
group has demonstrated that the administration of
anti-TNF-α monoclonal antibodies to cirrhotic rats with
ascites is associated with a significant decrease in the
[30]
rate of BT .

SELECTIVE INTESTINAL
DECONTAMINATION
Selective intestinal decontamination (SID) consists
of the aerobic Gram-negative bacteria clearance
from intestinal content with oral non-absorbable
or poorly absorbable antibiotics. Norfloxacin is the
most frequently used antibiotic for long-term SID.
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Norfloxacin has been proved as poorly absorbable and
specifically active against Gram-negative bacteria. In
addition, the incidence of adverse effects associated
[31]
with its long-term administration is low .
Norfloxacin is a synthetic 6-fluoro 4-quinolone
molecule that antagonizes enzymatic activity of DNA
[32]
gyrase of bacteria . Norfloxacin is well tolerated
[33]
according to randomized controlled trials performed ,
it is excreted through the kidneys and the usual
pharmacological parameters, such as serum halflife or peak concentration, are not altered in patients
with moderate liver damage compared with healthy
[34]
controls .
In the setting of cirrhosis, oral norfloxacin is
administered, either as primary prophylaxis (400
mg twice a day for 1 wk) to patients with variceal
bleeding, severely decompensated cirrhosis and
those with ascites protein concentration of < 15
mg/L or as secondary prophylaxis (indefinitely, 400
mg daily) to those who have survived a previous
[35]
episode of SBP . In this last condition, norfloxacin
administration significantly reduces the incidence
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[31,36]

of bacterial infections
and, used as primary
prophylaxis, also reduces noninfectious related clinical
complications, such as hepatorenal syndrome, thus
[35,37]
improving survival
. Oral ciprofloxacin 500 mg/
[38]
d is an alternative option to norfloxacin . On the
other hand, although norfloxacin decreases certain
virulence factors even in quinolone-resitant E. coli,
long-term norfloxacin prophylaxis increases 2.7
fold the risk of developing multiresistant bacterial
infections and almost 4 fold the risk of infections
caused by extended-spectrum β -lactamase-producing
[39,40]
Enterobacteriacea
.
Recently, rifaximin, an antibiotic with broadspectrum antimicrobial activity that eliminates
intestinal flora non-selectively has been suggested
as an alternative in the prophylaxis of bacterial
infections in cirrhosis. This antibiotic reaches high
fecal concentrations but is virtually non-absorbed
(bioavailability in blood after oral administration <
0.4%), reduces the expression of bacterial virulence
factors and compromises plasmid transfer and, despite
high gut concentrations and its broad spectrum of
activity, produces minimal alterations in the intestinal
[35]
microflora . Nevertheless, there are no studies
comparing rifaximin vs norfloxacin in the prevention of
SBP.
Efficacy of norfloxacin in preventing recurrent
SBP therefore relies on the removal of enteric Gramnegative bacteria, which are mainly responsable for
SBP episodes occuring in patients with cirrhosis (Figure
2). Although norfloxacin is poorly absorbable, its longterm administration upholds serum levels higher than
90% of minimal inhibitory concentration for most
[41]
aerobic Gram-negative .

ANTIBIOTICS AND INFLAMMATORY
DOWNREGULATION
Most antibiotic classes exert effects on the immune
system and complement activation. Sulphonamides,
tetracyclines, beta-lactams, aminoglycosides, lincosami
des, chloramphenicol, rifampin, benzylpyrimidinones,
fusidic acid, fosfomycin or gyrase B-inhibitors, and,
in particular, macrolides and fluoroquinolones either
increase or decrease phagocyte functions. For most
of this antibiotics the underlying mechanisms of
[42]
immunomodulation are not well defined .
Fluorquinolones are able to concentrate intra
cellularly in human phagocytic cells on average
3 to 12-fold depending on the particular cell type
[43]
and fluoroquinolone studied . This intracellular
accumulation of fluoroquinolones is modulated in
macrophages by the activity of drug efflux pumps.
Thus, gemfibrozil and probenecid, inhibitors of mul
tidrug resistance proteins (MRP) and other trans
porters of organic anions, increase the intracellular
[44]
accumulation of ciprofloxacin . Numerous studies
have shown that intracellular fluorquinolones remain
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active against facultative and obligate intracellular
pathogens such as mycobacteria, Legionella spp,
Streptococcus pneumoniae, Listeria monocytogenes
and Staphylococcus aureus despite the acidic
intracellular pH. However, little is known about how
and to what extent this intracellular accumulation of
antibiotics directly and specifically relates to changes
in phagocytic and immunomodulatory activity of
[45]
macrophages .
Ciprofloxacin improved survival in mice exposed to
sublethal LPS challenge changing the pattern of early
cytokine response. In the absence of ciprofloxacin
LPS administration resulted in peaks of serum TNF-α
and IL-10 concentrations at 1 h that disappeared by
6 h while serum IL12 concentrations peaked at 3 h
and decreased by 6 h. Pre-treatment with a dose
of ciprofloxacin prevented death in these mice, and
consistently and significantly attenuated the TNF-α
burst, decreased IL-12 concentrations and increased
the IL-10 response. Similarly, trovafloxacin reduced
TNF-α levels and decreased mortality in a experimental
model of intra-abdominal abscesses in rats despite
subtherapeutic doses of the drug were used or animals
[46]
were challenged with heat-killed bacteria . These
results demonstrate that fluoroquinolones affect
cytokine responses to bacterial products, an effect
that may be particularly important when considering
the consequences of early inflammatory responses
to infection when cytokines influence the functional
differentiation of T lymphocytes to initiate the acquired
[47]
immune response .
Several clinical and experimental studies indicate
that the fluoroquinolones exert immunomodulatory
activities in latent or chronic infections affecting the
synthesis of cytokines. Chronic infections such as those
caused by Chlamydia pneumoniae are characterised by
a marked inflammatory response, mediated by NF-κB
and other transcription factors. Fluoroquinolones show
a direct antichlamydial activity and simultaneously
produce a reduction in secretion of proinflammatory
cytokines via NF-κB necessary to achieve efficacy in
[45]
this setting . On the other hand, the participation
of activated macrophages in the resolution of Listeria
monocytogenes infections is determined by interferon,
which acts synergistically with sparfloxacin and
[48]
moxifloxacin . Staphylococcus aureus excretes a
wide array of toxins including superantigens, which
cause T-cell proliferation, the release of cytokines, and
promote apoptosis increasing TNF-RI and Fas receptor
expression and Fas ligand production. Moxifloxacin
inhibits apoptosis and downregulates the staphylococcal
superantigen induced mRNA expression of Fas, FasL,
[45]
and TNF-RI . In general, these studies indicate
that the fluoroquinolones exert immunomodulatory
activities besides their own bactericidal properties
supporting further their efficacy in latent or chronic
infections.
In cirrhotic patients, SID with norfloxacin reduces
translocation of either viable bacteria or bacteria-
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Figure 2 Immunomodulatory and bactericidal effects of norfloxacin in patients with cirrhosis.

driven products from the intestinal lumen and then
modulates the immune system activity but also could
modulates patients’ proinflammatory reaction by
acting directly on phagocyte response as described in
other settings (Figure 2). In fact, we have shown that
norfloxacin but not trimethoprim/sulfamethoxazole
modulates inflammatory response and directly affects
neutrophils activity in patients with cirrhosis. Indeed,
serum levels of proinflammatory cytokines TNF-α
and IL12 and interferon-g showed a close, significant,
and inverse correlation to serum norfloxacin levels,
both at the peak time and at trough stages of the
[41]
drug concentrations . During the first 4 h after
drug administration, when maximum serum and
intracellular norfloxacin levels are reached, the
transcription factor responsible of transcription of
proinflammatory genes and cytokine synthesis as
TNF-a and interleukin 8 (NF-κB) is down-regulated.
These evidences are in agreement with the low
cytokine levels frequently observed in patients
with cirrhosis and ascites undergoing SID with
[41]
norfloxacin . Neutrophils from patients with cirrhosis
cultured with LPS showed an up-regulation in IL-10
levels and heme oxygenase-1 expression in patients
receiving norfloxacin. IL-10 levels, HO-1 expression
and norfloxacin concentrations were directly
correlated, whereas proinflammatory inducible nitric
oxide synthase, cyclooxygenase-2, and NF-κB were
[49]
inversely correlated . All these data are consistent
with the effects of other quinolones in different clinical
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conditions and experimental models supporting the
hypothesis of the existence of an immunomodulatory
effect of norfloxacin in cirrhotic patients that acts
synergistically with direct antibiotic effect on the
intestinal bacterial flora.
Liver transplantation represents a particular situation
characterized by immunosuppression and a high risk
of infections associated to an increase in mortality,
morbidity, and hospital stay. As a consequence, many
patients are subjected to antibiotic prophylaxis. No
significant differences in the number of infections
between intervention and control groups were found
[50]
in all seven low-quality trials published up to now .
The effect of antibiotics on post-transplantation immu
nosuppression status is unknown.
It has been proposed that increased levels of
cytokines, such as TNF-α, IL12, IL-1 and IL-6, and
IFN-g play a role in the hyperdynamic circulatory
syndrome of cirrhosis. In mice the hypotension elicited
by TNF-α is reversed after inhibition of NO synthesis,
suggesting that l-arginine-derived NO is a principal
[51]
mediator of TNF-α-induced hypotension . It has been
described in experimental cirrhosis that TNF-α induces
NO synthesis increasing the activity of the inducible
and endothelial forms of NO synthase (iNOS and
eNOS, respectively). Several studies in patients with
cirrhosis have showed a positive effect of norfloxacin
on vascular resistance and pulmonary shunting,
reversing the hyperdynamic circulation, increasing
mean arterial blood pressure and systemic vascular
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[52]

resistance . In patients with cirrhosis treated with
norfloxacin for SID and in parallel to proinflamma
tory cytokines concentrations, serum NO shows a
close, significant, and inverse correlation to serum
norfloxacin levels suggesting an effect of norfloxacin
regulating cytokine response and then NO production
[41]
and associated haemodynamic changes .

MECHANISM/S
Norfloxacin is a synthetic 6-fluoro-4-quinolone which
primary bacterial target is bacterial DNA gyrase or
topoisomerase Ⅱ. Bacterias require DNA gyrase for
DNA replication, transcription of certain genes and
aspects of DNA repair and recombination. All these
[53]
activities are antagonized by fluoroquinolones .
However, the basic mechanisms underlying their
immunomodulatory activity have not been elucidated.
It has been postulated that TNF-α inhibition could
be related to changes in intracellular levels of cyclic
AMP (cAMP) (Figure 2). In human monocytes with or
without the addition of lipopolysaccharide the presence
of ciprofloxacin was associated to a significant
[54]
accumulation of cAMP . Similarly, 2-phenyl-4quinolone (YT-1), a quinolone compound that did not
activate adenylate cyclase but inhibited the cytosolic
phosphodiesterase activity, increased the cellular cAMP
levels and the cAMP-protein kinase A (PKA) activity in
rat neutrophils stimulated with N-formyl-methionyl[55]
leucyl-phenylalanine (fMLP) . These studies suggest
evidence that fluoroquinolones can directly inhibits
phosphodiesterase leading to accumulation of cAMP
and enhanced PKA activity. Activation of PKA is
associated with intracellular protein phosphorylations
and transcription factors activation, and suppression
of TNF-a expression. Another direct effect on cytosolic
systems of fluoroquinolones has been hypothesized
after findings suggesting that ciprofloxacin induced the
production of PGE2 in monocytes in a concentrationdependent manner enhancing the expression of
cyclooxygenase (COX-2) protein and the elevation
[56]
of intracellular cAMP in monocytes
and after
data showing a parallel increase in IL-10 levels and
heme oxygenase-1 expression in patients receiving
[49]
norfloxacin , suggesting the involvement of the
pathway 1L-10/heme oxygenase 1, a pathway
profoundly effective in dampening the enhanced
activation of innate immune responses, in the
fluoroquinolone effect (Figure 2).
Most experimental models studying the relationship
between cytokine expression and quinolone exposition
show that alteration in cytokine production correlated
with parallel changes in the concentration of mRNA of
the specific cytokine. These mRNA alterations were
seen only when cells were stimulated by stimuli such
as phytohaemagglutinin, lipopolysaccharide or phorbol[47]
myristate acetate (PMA) before quinolone exposure .
NF-κB is the crucial factor in mRNA transcription
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of many cytokines and chemokines including TNF-α
and interleukin 8 molecules. It also has an important
role in other central cellular events such as superoxide
production and apoptosis. In resting cells, NF-κB is
bound to an inhibitory protein, inhibitory kappa B (IκB),
and retained in the cytoplasm. Cell stimulation with
several agonists triggers signal transduction pathways
that ultimately result in activation of IκB kinases (IKK).
Phosphorylation of IκB by IKK is followed by a rapid
degradation of the IκB proteins thereby freeing NFκB, which then enters the nucleus, binds to DNA, and
[45]
activates transcription .
In a model of reactivation of latent HIV-1 ex
pression in chronically infected promonocytic U1 cells,
ciprofloxacin (at concentrations between 1.5 and 10
mg/L) inhibited HIV-1 expression in PMA-stimulated
U1 cells. This effect was associated with a significant
decrease in TNF-a production and with significant
[57]
inhibition of NF-κB . Moxifloxacin-treated mice
showed no bronchopneumonia after cyclophosphamide
injection and intra-tracheal inoculation of C albicans.
This protective effect was associated with a significant
inhibition of TNF-α and interleukin 8 secretion
compared with controls. In lung tissue analysed by
immunohistochemistry, moxifloxacin-treated animals
showed a marked and significant decrease of NFκB staining in epithelial cells and macrophages.
When human monocyte cell lines were stimulated
by lipopolysaccharide a significant increase in inter
leukin 8 and a significant degradation of IκB were
observed. Both effects were abolished when cells were
[58]
exposed to moxifloxacin . These results indicate
that moxifloxacin inhibits NF-κB activation, probably
through its inhibitory effects on IκB degradation.
According with these studies we have observed in
cirrhotic patients treated with norfloxacin a NF-κB
down-regulation in parallel to increases in quinolone
levels and to decreases in TNF-α concentrations (Figure
2). Then norfloxacin shows in this setting a similar
immunomodulatory effect to that described for other
[41]
fluoroquinolones .
In eukaryotic cells quinolones target the topo
isomerase Ⅱ complex in a similar manner to prokaryotic
cells but their inhibitory effects is generally attained
at concentrations that are two to three orders of
[59]
magnitude higher . As in prokaryotic cells, quinolones
were shown to result in an increased formation of
topoisomerase Ⅱ-cleaved DNA complexes. If intranuclear processes relating to quinolone-topoisomerase
Ⅱ interaction may have an effect on cytosolic
activation or inhibition of NF-κB requires further
research (Figure 2).

FUTURE DIRECTIONS
The use of norfloxacin either as primary or secondary
prophylaxis of bacterial infections in advanced cirrhosis
has improved patient’s survival, not only due to a
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significant decrease in the number of infections, but
also in the incidence of other deadly complications such
as hepatorenal syndrome. Quinolones not only exert
their beneficial effect through bactericidal mechanisms,
as shown above, but also by an immunomodulatory
effect. The extent to which this immunomodulatory
effect actually contributes to norfloxacin efficacy in
cirrhotic patients requires further research.
On the other hand, long-term norfloxacin pro
phylaxis has been related with an increased risk of
developing multiresistant bacterial infections being
this effect the main factor that can limit the use of
this prophylactic strategy in the near future. New
studies are needed to assess the possible involvement
of the changes on the immune system exerted
by fluoroquinolones in the development of these
resistances. Related to this, it is necessary to study
whether different strategies to modulate the activity of
the immune system as well as new drugs with different
effects not only on bacteria but also on immune
cells can prevent and/or treat the development of
multiresistant nosocomial bacterial infections in
cirrhotic patients. In fact this situation is considered so
relevant that recently a consortium comprised by more
than 30 European companies and universities have
joined efforts to develop new antibiotics against gramnegative bacteria, a European funding project from the
Innovative Medicines Initiative.
Until new drugs are available however, the intimate
knowledge of immunomodulatory activities exerted
by antibiotics at intracellular levels may improve
survival in patients with cirrhosis and open interesting
possibilities for future researches.
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Abstract
During the course of cirrhosis, there is a progressive
deterioration of cardiac function manifested by the
disappearance of the hyperdynamic circulation due to a
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failure in heart function with decreased cardiac output.
This is due to a deterioration in inotropic and chronotropic
function which takes place in parallel with a diastolic
dysfunction and cardiac hypertrophy in the absence
of other known cardiac disease. Other findings of this
specific cardiomyopathy include impaired contractile
responsiveness to stress stimuli and electrophysiological
abnormalities with prolonged QT interval. The pathogenic
mechanisms of cirrhotic cardiomyopathy include
impairment of the b-adrenergic receptor signalling,
abnormal cardiomyocyte membrane lipid composition
and biophysical properties, ion channel defects and
overactivity of humoral cardiodepressant factors.
Cirrhotic cardiomyopathy may be difficult to determine
due to the lack of a specific diagnosis test. However,
an echocardiogram allows the detection of the diastolic
dysfunction and the E/e′ ratio may be used in the followup progression of the illness. Cirrhotic cardiomyopathy
plays an important role in the pathogenesis of the
impairment of effective arterial blood volume and
correlates with the degree of liver failure. A clinical
consequence of cardiac dysfunction is an inadequate
cardiac response in the setting of vascular stress that
may result in renal hypoperfusion leading to renal failure.
The prognosis is difficult to establish but the severity of
diastolic dysfunction may be a marker of mortality risk.
Treatment is non-specific and liver transplantation may
normalize the cardiac function.

Core tip: During the course of cirrhosis, there is
an impairment in cardiac function with decrease
in cardiac output. This process is due to a cirrhotic
cardiomyopathy with diastolic dysfunction that may
compromise the inotropic function which takes place
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in parallel with a chronotropic heart dysfunction.
This cardiomyopathy plays an important role in the
pathogenesis of the impairment of effective arterial
blood volume in cirrhosis. The clinical consequences
of cardiac dysfunction may be an inadequate cardiac
output in response to clinical events that produce
effective hypovolemia leading to renal failure. The
severity of cardiomyopathy is a marker of advanced
cirrhosis and mortality.
Ruiz-del-Árbol L, Serradilla R. Cirrhotic cardiomyopathy. World
J Gastroenterol 2015; 21(41): 11502-11521 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i41/11502.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i41.11502

INTRODUCTION
Patients with cirrhosis develop a progressive
impairment in their circulatory and cardiac function
during the course of their illness. The existence
of a systemic circulatory disorder in liver cirrhosis
was described more than 60 years ago by Kowalski
[1]
[2]
et al and Murray et al . Both authors defined
a hyperdynamic state in patients with cirrhosis
characterized by high cardiac output (CO), plasma
volume as well as a decreased systemic vascular
resistance (SVR) and blood pressure. In addition to
systemic circulatory dysfunction, the clinical course
of patients with liver disease is complicated by a
progressive impairment in heart function. Cardiac
function abnormalities in cirrhosis are clinically not
apparent, probably because of the low SVR presented
by these patients, which reduces the cardiac afterload.
Initially the impaired left ventricular (LV) performance
in cirrhotic patients was thought to be due to the
[3]
direct toxic effect of alcohol . However, data from
investigations performed since 1980s show that
the blunted cardiac responses to diverse stimuli is
not the result of alcohol. These findings support the
concept of a specific heart disease termed “cirrhotic
[4]
cardiomyopathy” (CCM) . Therefore, CCM is an entity
clinically and pathophysiologically different from an
alcoholic cardiomyopathy. Our review provides an
overview of CCM, its definition, possible pathogenic
mechanisms, clinical relevance and management.

DEFINITION OF CIRRHOTIC
CARDIOMYOPATHY
According to the 2005 World Congress of Gastro
enterology, CCM is a chronic cardiac dysfunction
characterized by impaired contractile responsive
[5,6]
ness to stress stimuli , and/or impaired diastolic
[7,8]
relaxation , and electrophysiological abnormalities
[9]
with prolonged QT interval , in the absence of other
known cardiac disease. On the other hand, patients
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with cirrhosis display primarily left ventricular diastolic
dysfunction (LVDD) with normal systolic function at
rest.

FACTORS RELATED TO THE INDUCTION
OF CIRRHOTIC CARDIOMYOPATHY
Heart wall thickness changes are common in pati
ents with cirrhosis and portal hypertension. These
abnormalities may be an adaptive response to the
hyperdynamic circulation and the trophic effects of
several neurohumoral systems. In addition, the clinical
evidence indicates a link between the degree of liver
insufficiency and the severity of CCM. A recent study
in advanced cirrhosis documented an association
between the extent of CCM and the Model for End[10]
Stage Liver Disease (MELD) score . Changes in
diastolic function appear most prominent in patients
with severe decompensation. Patients with ascites
have worse LVDD compared to those without ascites.
Further, the authors showed lack of response of the LV
systolic and chronotropic function to peripheral arterial
vasodilation and activation of the sympathetic nervous
[10]
system (SNS) . Therefore, hepatocellular failure and
portal hypertension have been considered as possible
factors for cardiac changes in patients with cirrhosis.
Cardiac dysfunction in patients with cirrhosis occurs
in the setting of a circulatory dysfunction characterized
by a marked splanchnic arterial vasodilation. At the
initial stages of cirrhosis, the circulatory dysfunction is
compensated by the development of a hyperdynamic
circulation. Later, during the course of the disease, the
progression of liver disease and portal hypertension
results in progressive vasodilatation, leading to
reduction in the effective arterial blood volume which,
in turn, activates the renin-angiotensin-aldosterone
[11]
system (RAAS) and the SNS . These circulatory
changes can lead to the cardiac dilatation of the
[12]
left chambers
and the development of functional
changes in the heart. High norepinephrine levels are
known to cause impairment of β-adrenergic receptor
function.
Factors other than the SNS activity and aldosterone
have been implicated in the pathogenesis of cardiac
dysfunction in cirrhosis, including nitric oxide (NO), carbon
[13]
monoxide (CMO) and endogenous cannabinoids .
Accumulation of these substances through portosystemic shunts could act as negative inotropic agents
and also participate in the pathogenesis of LVDD in
[14]
CCM .
Inflammation may play an important role in
the pathogenesis of cardiac dysfunction specially in
decompensated cirrhosis. It has been postulated
that intestinal bacterial overgrowth, altered gut
permeability and bacterial translocation (i.e.,
lipopolysaccharide, bacterial DNA) from the intestinal
lumen to the circulation may exert continuous pressure
[15,16]
on the immune system
. Specialized receptors
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of monocytes and lymphocytes recognise those
factors and release inflammatory mediators such as
[17]
cytokines, reactive oxygen and nitrogen species .
These humoral factors may exert inhibitory effects on
LV function. Cytokines can affect myocardial function
via the effects on both the myocyte contractility and
[18]
the extracellular matrix . In addition to their effect on
myocardial remodeling, cytokines have been shown to
have direct and indirect effects on myocardial function.
Other factors like alterations in lipid metabolism
may also participate in the pathogenesis of CCM.
Lipid metabolic abnormalities in patients with cirrhosis
facilitate the incorporation of cholesterol into cell
plasma membranes. The major factors which lead to
the elevated membrane cholesterol content in cirrhosis
are probably an increase in plasma cholesterol
levels and a decrease in blood lecithin cholesterol
[19,20]
acyltransferase activity
. Alterations in membrane
physical properties play an important role in the
[21]
[22]
impaired β-adrenoceptor and ion channel function
in the hearts of cirrhotic rats.

PATHOGENIC MECHANISMS
Cardiovascular autonomic dysfunction

Cardiac contractility is regulated primarily by the SNS
through β-adrenergic receptors (βAR). Cardiovascular
autonomic dysfunction is frequent in advanced cir
[23]
rhosis . The incidence of autonomic neuropathy
[24,25]
varies from 35% to 80%
and is related to the
[26,27]
severity of hepatic dysfunction
. Autonomic and
cardiac dysfunction includes impaired baroreflex
[28-30]
sensitivity and heart rate variability
. Impaired
cardiac response to standing is the most frequently
abnormal test and is probably due to blunted baro
[31]
reflex function
in the setting of increased activity of
the SNS. The major triggers of the SNS overactivity
appear to be baroreceptor-mediated stimulation owing
[32]
to reduced central and arterial blood volumes .
Enhanced sympathetic tone with increased cellular
exposure to noradrenalin for longer periods may
cause myocardial injury, receptor internalization,
sequestration, and down regulation which results in
a decrease of β-adrenergic receptor density on the
[21]
plasma membrane .

β -adrenergic receptor function

The βAR system is critical in modulating the contracti
lity of cardiac muscle cells. Activation of βAR by
epinephrine and norepinephrine couples with Gsprotein and leads to the stimulation a membranebound adenylate cyclase and the subsequent release
of cAMP. The Gs protein also promotes the direct
activation of the calcium channel of the sarcolemma.
The second messenger, cAMP, activates a cAMPdependent protein kinase A (PKA). PKA phosphorylates
several intracellular proteins such as L-type calcium
channels, phospholamban, troponin Ⅰ , ryanodine
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2+

receptors thus leading to Ca entering the cell. The
2+
cytosolic-free Ca binds to the protein troponin C
and interacts with tropomyosin between the actin
and myosin filaments with allows the contraction of
the myofibrils (systole) (Figure 1). Readers interested
in detailed descriptions of cellular mechanisms are
[33-36]
referred to recent reviews
.
Models in experimental studies with rats have
shown several abnormalities in the cardiomyocyte
β-adrenergic signalling pathway all of which negatively
affect contractility. Several studies have shown
decreased βARs density and receptor desensitisation as
well as impaired cAMP G-protein and adenylyl cyclase
[37]
production in cardiocytes of cirrhotic rats . Gerbes
[38]
et al
found that lymphocytes of decompensated
cirrhotic patients also present decreased abundance of
βARs which correlates with the cardiac contractility.

Membrane alteration

Changes in membrane fluidity have also been ob
served in cirrhotic patients as well as in experimental
cirrhosis. It has been demonstrated that the fluidity of
plasma membranes from the erythrocytes in cirrhotic
patients becomes more rigid and less permeable with
[39]
increases in membrane cholesterol content . These
metabolic abnormalities in the plasma membrane
of cardiac myocyte interfere with the activation
of βAR and calcium channels embedded in the
[40]
membrane . Decreased plasma membrane fluidity
and an abnormal gene expression of the β-adrenergic
[41]
system at postreceptor level
in a bile duct-ligated
(BDL)-cirrhotic rat model is associated with reduced
Gs-protein levels which implies attenuation of
adenylate cyclase and subsequent cAMP production
[21]
after administration of isoproterenol . Changes
in membrane cholesterol content may alter other
+
+
activities of cardiac sarcolemmal enzymes Na -K
2+
2+
2+
ATPase, Mg ATPase, Ca pump ATPase and Ca +
+
2+
[42]
dependent K channels and Na /Ca exchanger .
[43]
Moreau et al
have shown altered control of vascular
2+
+
tone by Ca and K channels. Such alterations in
membrane properties are likely to play an important
role in inducing ECG abnormalities in cirrhosis. The
altered membrane fluidity may also impair stimulation
of cardiac muscarinic acetylcholine receptors (M-ChR)
that modulate pacemaker activity via If and IK.ACh,
atrioventricular conduction, and directly or indirectly
force of contraction. Alterations of cardiac M2-ChR
responsiveness and defective signal transduction to
[44]
cAMP has been reported in experimental cirrhosis .
Finally, cardiac dysfunction may be due to alteration in
2+
the Ca handling in the myocyte. A decrease in L-type
calcium channels has been reported in BDL-rat model
myocytes whereas the intracellular calcium system
[45]
appears intact .

Humoral cardiodepressant factors
[46]

Mikulic et al
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Figure 1 Pathogenic mechanisms of cardiomyocyte contraction in experimental cirrhosis. Cardiomyocytes of cirrhotic animals showed reduced contractility
via impairment of the βAR signalling (down-regulation, desensitization) which in turn leads to a reduction in βAR density, Gs proteins, and AC activity with resultant
decreased cAMP generation. This second messenger cAMP, phosphorylates several proteins leading to intracellular calcium fluxes, calcium release and myocyte
contraction. Postreceptor signaling through cAMP is severely impaired. In addition, the decreased fluidity of cardiomyocyte membrane interferes with the function
of βAR, L-type calcium and potassium channels and impair stimulation of muscarinic acetylcholine receptors. The activation of CB 1 inhibiting L-type calcium
channels and AC together with increased NO and CO levels via a cGMP-dependent mechanism also contribute to decreased calcium ion inﬂux or release from the
sarcoplasmic reticulum with a related fall of calcium ion content and contractility. +: stimulatory influence; -: inhibitory influence. βAR: β-adrenergic receptors; CB1:
Cannabinoid 1-receptor; AC: Adenylcyclase; cAMP: Cyclic adenosine monophosphate; Gαi: Inhibitory G protein; Gαs: Stimulatory G protein; RGS: Regulator of
G-protein signaling; PLN: Phosphoslamban; PKA: Protein kinase A; cGMP: Cyclic guanosine monophosphate; PDE: Phosphosdiesterase; RyR: Ryanodine receptor;
HO: Haemoxygenase; CO: Carbon monoxide; NO: Nitric oxide; NOS: Nitric oxide synthase; TNFα: Tumour necrosis factor α.

patients attenuates the contractile responses of
neonatal rat heart cells. Therefore, in addition to
decreased activity of stimulatory pathways, other
inhibitory pathways contribute to the decreased
contractility of the cardiomyocyte in experimental
cirrhosis.
Endocannabinoids (ECS) are bioactive lipid signaling
[47]
molecules . The ECS system includes arachidonoyl
ethanolamine (AEA) and 2-arachidonoylglycerol (2-AG)
[48-50]
wich are elevated in cirrhosis
. AEA and 2-AG
are generated in response to a rise in intracellular
[51]
calcium . The interaction of AEA with cannabinoid
1 (CB1) receptors reduces the contractile response
to isoprotenerol of papillary muscles in the fibrocholestatic heart model. This cardiac decreased
β-adrenergic responsiveness could be corrected by
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[52,53]

CB1 blockade
. The activation of CB1 receptors are
coupled to the inhibitory Gi protein inhibiting L-type
[54]
[55]
calcium channels
and adenylate cyclase
with
resultant decreased calcium influx into the cytosol
of the cardiomyocyte. It has recently been observed
that elevated myocardial AEA levels are associated
with high plasma tumour necrosis factor alpha (TNFα)
[56]
in BDL mice ; likewise, AEA levels were lower in
anti-TNFα-treated BDL. TNFα-mediated myocardial
dysfunction in response to endotoxin stimulation
[57]
is well documented . These experiments suggest
that inflammation might be partially responsible for
local production of ECS which reduces the contractile
function.
Other experimental studies have also revealed
that NO produced in cardiomyocytes from increased
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inducible nitric oxide synthase (iNOS) activity has
a negative inotropic effect. High levels of NO in the
BDL cirrhotic rat model have been shown to decrease
the normal papillary muscle contractility whereas the
administration of the NOS inhibitor L-NMMA (N omegamonomethyl-larginine) has led to improved blunted
[58]
[59]
contractility . Liu et al
demonstrated that the
heart and aorta of cirrhotic rats contained high levels
of soluble cyclic guanosine monophosphate (cGMP) as
well as iNOS messenger ribonucleic acid. Stimulation
of iNOS is possibly related to inflammatory mediators.
Serum levels of cytokines are increased in cirrhosis;
likewise, it is known that treatment with L-NAME (NGL-nitro-arginine methyl ester) works by restoring the
depressed inotropic effect of isoprenaline in the BDL
[59]
rat model . An alternative molecular pathway to
explain the role of NO in CCM could be the inhibitory
[60]
effect of nitration .
CMO is an endogenously produced short-lived
gas via metabolism of haem, whose degradation is
catalyzed by enzyme haem oxygenase (HO). The
inducible HO isoform may stimulate CMO production
in cirrhosis through endotoxemia, cytokines or the
activation of the SNS. In the BDL cirrhotic rat, protein
expression, and total HO activity were significantly
upregulated in ventricles of cirrhotic rats compared
[61]
with sham-operated control hearts . Treatment with
zinc protoporphyrin, an inhibitor of HO, significantly
inhibits cGMP production which, in turn, reduces
CMO levels and leads to an improvement in blunted
[61]
papillary muscle contractility but not in control .
The activation of the NOS/NO and HO/CMO system
significantly increases the cGMP contents in BDL[59]
cirrhotic rats . These findings suggest that the cGMP,
either by phosphorylating the kinase G protein or by
inhibiting production of the ryanodine receptor (Figure
[62]
1) , inhibits intracellular free calcium fluxes in the
cardiomyocyte thus supporting the idea that NO and
CMO production play an important role in the reduced
contractile response in CCM.
Apoptosis can be important in modulating heart
+
2+
function. The exchange of Na /Ca ions is essential
2+
in maintaining the steady-state intracellular free Ca
+
2+
concentration. The abnormalities in the Na /Ca
2+
transfer in cirrhotic patients results in an excess of Ca
[63]
influx leading to cardiomyocyte apoptosis
Recent
studies have shown that apoptosis plays a causal role in
cardiomyopathies with mediators such as ECS, NO, CMO
[64]
and endogenous opioids contributing to the activation
of the apoptosis pathways. A study in BDL-mice suggest
that activation of the extrinsic apoptosis is the responsible
[65]
pathway . The neutralization of the extrinsic apoptotic
pathway improved cardiac contractility.
A mechanism of reduced myocardial contractility
via the nuclear factor jB (NF-jB) in BDL cirrhotic rats
[66]
has also been reported . Cardiomyocytes of cirrhotic
animals showed reduced contractile response to
isoproterenol, with increased myocardial levels of NF-
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jB. NF-jB inhibition resulting in restoration of contractile
[66]
function .

SYSTOLIC DYSFUNCTION
Systolic dysfunction is mostly latent in patients
with cirrhosis. Although left ventricular systolic
function (LVSF) at rest, assessed by invasively and
non invasively methods, are normal in cirrhotic
[10,67]
patients
subtle alterations could be detected under
conditions of stress or by using new echocardiographic
[68]
techniques at rest .
Patients with cirrhosis have documented blunted
responsiveness to volume and postural challenge,
exercise or pharmacological infusion. Contractile
dysfunctions are common in pre-ascitic cirrhotic
patients; likewise, these patients show increasing
[69]
end-systolic volumes
as a result of sodium loads.
This involvement is more important in patients
[5]
with ascites despite a decrease in both pre-load
and afterload. The altered response to active tilt in
cirrhotic patients also suggests an impaired myocardial
contractility. During 5 min of standing, cirrhotic patients
experienced a decrease in the LV end-systolic volume,
SVR and cardiac indexes despite marked increments in
[31]
HR and in the activity of neurohumoral systems . On
the other hand, in patients with cirrhosis there is an
abnormal LV response during exercise manifested by
an increase in CO and ejection fraction (EF) less than
[6]
[3]
expected in relation to normal subjects . Gould et al
have reported increasing ventricular filling pressures
and an unaffected cardiac stroke index in patients
[70]
undergoing exercise. Kelbaek et al
also observed
LV contractile function and ventricular wall compliance
was reduced in cirrhotic patients.Another noninvasive
tool to evaluate ventricular contractile performance is
the measurement of systolic time intervals. The preejection period/left ventricular ejection time ratio has
been seen to increase from baseline after exercise in
[6]
cirrhotic patients .
Finally, several studies have demonstrated blunted
cardiac responsiveness to vasoactive drugs. The infusion
of angiotensin Ⅱ produced a normalization of SVR and
an increase in pulmonary wedge capillary pressure
[71]
(PWCP) but not an increase in CO . Similar effects
[72]
have been produced with the infusion of terlipressin .
These results suggest that the normalization of
the afterload may detect a LV dysfunction at rest.
Stimulation by b-adrenergic agonists reduces the
inotropic and chronotropic responses of the heart
in cirrhotic patients. Furthermore, administration of
dobutamine, a β1-adrenergic receptor agonist, causes
only a slight increase in stroke volume and the dose
of isoproterenol needed to increase the HR is higher in
[73,74]
cirrhotic patients than in normal subjects
. Other
[75-77]
researches
have also documented this impaired
contractile response in experimental cirrhotic models.
New echocardiographic techniques may identify

11506

November 7, 2015|Volume 21|Issue 41|

Ruiz-del-Árbol L et al . Cirrhotic cardiomyopathy and circulatory function
patients with subclinical ventricular dysfunction
more accurately than conventional methods. Twodimensional speckle-tracking echocardiography
(2D-STE) is a novel imaging technique that allows
the assessment of LV regional myocardium and
global strain in 3 orthogonal directions (longitudinal,
[78]
circumferential, and radial)
by tracking natural
acoustic markers (speckles) in a frame-to-frame basis
within the cardiac cycle. 2D-STE is less likely to be
preload or afterload dependent as compared with
[79]
standard echocardiographic measures. Nazar et al
using 2D-STE, found no differences in systolic function
in cirrhotic patients with different grades of LVDD.
However, there was no a control group. Recently,
[80]
[81]
Sampaio et al and Altekin et al found that patients
with cirrhosis had reduced longitudinal LVSF, despite
still having normal EF.

DIASTOLIC DYSFUNCTION
Abnormalities of diastolic function are an early marker
of CCM. Patients with CCM display frequently LVDD.
The mechanisms underlying the development of
diastolic dysfunction remain unclear. Defects in the
passive tension of myofilament proteins as well as
impaired myocardial relaxation, possibly related
to abnormalities in calcium exchange through the
sarcoplasmic reticulum, may play a role in the
pathogenesis of LVDD. The sarcomere is made
up of filaments of various sizes and contains titin.
Titin is responsible for the elasticity of the relaxed
striated muscle and thus an important determinant
of diastolic stiffness in cardiomyocytes. Additionally,
diseases that alter diastolic function also alter the
myocardial extracellular matrix. In BDL animals, has
been observed a decrease in PKA which can reduce
phosphorylation of titin and increase passive tension.
In addition, the levels of collagen-Ⅰ mRNA in the
BDL group were significantly higher than in the sham
animals contributing to the pathogenesis of diastolic
[82]
function .
There has been some data indicating that salt
retention may play a part in the development of LVDD.
Animal models have shown that high salt intake can
lead to concentric LV hypertrophy through the activation
[83]
of cardiac aldosterone production . Aldosterone
plays an important role in promoting fibrosis by
stimulating fibroblast proliferation and collagen
synthesis, triggering proinflammatory factors which
lead to the activation of matrix metalloproteinases and
[84]
over expression of transforming growth factor-β1 .
LVDD in the CCM results are most likely a result of LV
[85,86]
hypertrophy
. Liver cirrhosis can lead to heart wall
[87]
thickness changes . We observed that 75% patients
[10]
with LVDD and cirrhosis had cardiac hypertrophy .
Additionaly, cardiomyocyte hypertrophy in cirrhosis
with portal hypertension may be an adaptive response
to loading produced by the hyperdynamic circulation
and the trophic effects of several neurohumoral
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systems. The fibrosis may be secondary to increased
collagen synthesis by stimulation of the RAAS and
[88]
[14,67,89]
SNS . In fact, LV hypertrophy
is more common
in patients with ascites combined with increasing
plasma renin activity (PRA) and norepinephrine plasma
levels than in patients with ascites, but having normal
[10]
PRA levels, or those not presenting ascites at all.
The diastolic dysfunction increase the blood volume
in the left atrium (LA) which, in turn, leads to augment
the transmitral pressure gradient. Diagnostic evidence
of LVDD can be obtained invasively, (LV end-diastolic
pressure > 16 mmHg or PCWP > 12 mmHg) or noninvasively by echocardiography. PCWP or mean LA
pressure are normal in patients with CCM but there is
a significant progressive increase of cardiopulmonary
[10,79]
pressures in relation to the degree of LVDD
. This
backward increase in cardiopulmonary pressures
is probably related to the lower afterload/central
[90]
hypovolemia of cirrhosis . Doppler echocardiography
has become the noninvasive technique of choice
for the assessment of diastolic function. LVDD is
characterized by a change in the transmitral blood
flow with an increased atrial contribution to the late
[91]
ventricular filling . Patients with cirrhosis show
dilatation and increased LA volumes, increases in LV
diameters but not volumes, increases in the thickness
of the posterior wall of the LV and the interventricular
septum, a prolongation of the isovolumic relaxation
time (IVRT), decreased peak E velocity (early rapid
filling phase), prolongation deceleration times (DT)
of the E wave, and finally peak A velocity increased
[8,69,92]
(atrial contraction during late diastole)
. IVRT and
DT may be prolonged in cirrhotic patients irrespective
of the presence of ascites but a significantly reduced
[67,69]
E/A ratio has been seen in ascitic subjects
.
Traditionally, LVDD is divided into three different filling
patterns: normal, pseudonormal, and restrictive.
However, conventional Doppler echocardiographic
indices (E/A ratio) have clear limitations (age and
[91,93]
load conditions)
and rarely allow for the accurate
differentiation between normal and pseudonormal
LV diastolic pattern. TDI can overcome some of
these factors. The tissue velocity recorded at the
basal and septal corner of the annulus mitral (e’) is
a more sensitive parameter for abnormal myocardial
relaxation than mitral variables. TDI velocities have
demonstrated a significant correlation with invasive
indices of LV relaxation and minimal effect of preload
[94]
in the setting of impaired relaxation . The American
Society of Echocardiography has suggested that LVDD
is characterized by the presence of septal e′ < 8 cm/s,
lateral e′ < 10 cm/s, mitral inflow patterns and LA
2
volume index (LAVI) ≥ 34 mL/m . The degree of
severity can be graded according to average E/e′ ratio.
The prevalence of LVDD is relatively high in patients
[95,96]
with cirrhosis (43%-70%) despite a normal EF
[97]
and is not related to the etiology of liver disease .
However, a variety of comorbid conditions have been
[92,98]
associated with development of LVDD
Therefore,
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these patients should be excluded in the assessment
of the prevalence of this condition in cirrhosis. Patients
with tense ascites show an improvement in LVDD after
paracentesis although LVDD in these patients is still
[67]
abnormal as compared with healthy controls . It has
been suggested LVDD contributes to the pathogenesis
[69]
of fluid retention in these patients . LVDD in most
cases is found to be generally mild (grade Ⅰ ) or
[10,79,92]
moderate (grade Ⅱ) in severity
. In addition,
in patients with CCM there is a relationship between
the severity of LVDD and the impairment in LVSF (CO
and LV stroke work) and cardiac chronotropic function
[10]
at rest . Patients with grade Ⅱ of LVDD had a high
[10]
[99]
MELD score . Whereas some studies have reported
a correlation between CCM and the severity of liver
[92]
failure, other researchers
have concluded that the
cardiac abnormalities were not different between
patients with different degrees of liver function.
LVDD seems to be independently associated with the
presence of bacterial endotoxin. Cirrhotic patients
have elevated levels of endotoxemia due to bacterial
[100]
translocation
. A recent study by Karagiannakis et
[101]
al
showed that the severity of LVDD determined
by the E/e′ ratio correlated with the serum levels
of lipopolysaccharide-binding protein, a marker of
exposure to bacterial endotoxin.

ELECTROPHYSIOLOGICAL
ABNORMALITIES
Several electrophysiological abnormalities are found in
cirrhotic patients. These include electrocardiographic
QT interval prolongation, electromechanical dyssynchrony
and chronotropic incompetence.

QT-Interval prolongation

Prolongation of the QT interval (> 440 s) is found in
noncirrhotic patients with portal hypertension and
in 30%-60% of cirrhotic patients according to the
[102]
severity of liver dysfunction
(Figure 2). QT interval
is affected by HR and therefore must be expressed
as a rate-corrected (QTc) interval. A Fridericia or
specific QT correction formula has been proposed to
better account for the contribution of changes in QT[103]
interval in cirrhosis
. The QT interval represents
the depolarization and repolarization of the ventricles.
Prolongation of the QT interval is caused by an increase
in action potential duration in, at least, some of the
ventricular myocardium cells. At the cellular level,
the electrocardiographically prolonged QT interval is
primarily based on a reduction of ion channel currents
in cardiac plasma membranes resulting in a prolonged
[104]
repolarisation
. The mechanisms underlying
prolonged QTc interval in patients with liver disease are
not clear; they are thought to be associated, at least
[105,106]
in part, with autonomic dysfunction
, and heart
exposure to humoral factors (cytokines, endotoxins,
[107-109]
and bile salts) through porto-systemic shunts
in the setting of decreased function of two types of
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[102-104]

potassium channels in ventricular myocytes
.
[102]
Bernardi et al
found that the prolonged QT interval
correlated with circulating plasma noradrenaline
which suggests that enhanced sympatho-adrenergic
abnormalities are implicated in its pathophysiology.
The clinical relevance of long QT in cirrhosis is not fully
understood, yet. It is postulated that this alteration is
associated with a poorer survival rate in class A patients
[102]
of Child-Pugh classification . However, other studies
[110]
have been unable to confirm these relationship
.
A prolonged QTc interval may be reduced during
[111]
chronic β-blockade treatment
but β-blockers have
deleterious effects in patients with cirrhosis and
[112-115]
refractory ascites
. The QTc interval corrects itself
[110,116]
in only 50% of subjects after liver transplant (LT)
.
In addition, a prolonged QTc interval (≥ 500 ms)
is frequently observed throughout the procedure of
LT, even among patients with baseline QTc < 440
[117]
ms . Transjugular Intrahepatic Portosystemic Shunt
[108,112]
[118]
(TIPS) insertion
and gastrointestinal bleeding
has been shown to prolong the QT interval. There is
[119]
also clinical evidence that some drugs
should be
avoided as far as possible during TIPS insertion or LT.
Patients with cirrhosis and prolonged QTc interval are
at risk of developing ventricular arrhythmias such as
torsades de pointes. The risk of development of the
latter is unknown but is thought to be rare. Studies on
the dispersion of QT interval (the difference between
the maximum and the minimum of the QT intervals
measured) in patients with liver cirrhosis report a
normal variation. Patients with cirrhosis maintain the
normal QT-interval diurnal variation between day and
[120]
night times .

Electromechanical uncoupling

Electro-mechanical systole represents the duration
of total systolic time interval and has two major
components: the pre-ejection and the LV ejection
phases. The pre-ejection period is the interval from
the onset of ventricular depolarization to the beginning
of the LV ejection. The LV ejection time is the systole
phase during which blood is ejected into the arterial
system. The systolic time interval is dependent on
four key factors, namely the heart rate, the preload,
the afterload and the myocardial inotropic state.
Whereas in normal subjects, the time between the
onset of electrical and mechanical systole is normally
tightly controlled, it shows a big variability in cirrhotic
patients. A disruption in electromechanical coupling
leads to the dyssynchrony between electrical and
mechanical systole. Studies evaluating cardiac function
in cirrhosis at rest and after isometric exercise have
reported a electromechanical delay and extended preejection times, thus suggesting that it was a defect
[5]
in the electromechanical coupling . A functional
electromechanical uncoupling has been confirmed in
patients with cirrhosis and prolonged QTc interval who
showed that the electrical systole was longer than the
[121]
mechanical systole with the latter being normal
.
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Figure 2 The QT interval. The QT interval is a measure of the time between the start of the Q wave and the end of the T wave in the heart during electrical cycle.
The QT interval is dependent on the heart rate and needs to be corrected by heart rate. The corrected QT interval (QTc) estimates the QT interval at a heart rate of 60
bpm. The standard clinical correction in cirrhosis uses Fredericia’s formula: QTc = QT/RR1/3. The RR interval is given in seconds (RR interval = 60/heart rate). QTc is
prolonged if > 450 ms in men or > 470 ms in women. QTc interval prolongation is due to altered repolarization.

The clinical significance of these findings remains
unclear. The underlying mechanisms may be related
to decreased density of the L-type calcium channel in
[122]
cardiomyocytes . In addition, an impaired response
to the adrenergic drive may affect the excitationcontraction coupling in some patients with cirrhosis.

Chronotropic and Inotropic incompetence

Chronotropic incompetence (CI) is defined as the heart
inability to proportionally increase HR in response to
metabolic demand. Patients with early stage cirrhosis
[123]
exhibit responses to dobutamine normal . However,
a blunted LV response to dobutamine was observed
in 18 of 71 cirrhotic patients with normal LV chamber
[124]
size and EF . Other studies in patients with cirrhosis
have demonstrated CI in response to exercise,
tilting, paracentesis, infections and pharmacological
[125-127]
stimuli
. CI is common in patients with cirrhosis
[128,129]
regardless of its cause
and there is more
evidence of contractile dysfunction in patients with
ascites despite a decrease in afterload. Recently, we
have observed that the cardiac chronotropic function,
estimated as the HR/plasma noradrenaline ratio, was
significantly reduced in patients with grade Ⅱ LVDD
[10]
when compared to those without LVDD
indicating
[79,130]
there is CI toward effective arterial blood volume
.
The main cause of CI in patients without structural
heart disease seems to be related to SNS activation
which is not well translated into HR increases. SNS
activation is the likely cause of the down-regulation
of βAR, leading to post-synaptic desensitization of the
[74,76]
.
βAR pathway in the sinoatrial node

BIOMARKERS OF CARDIAC
DYSFUNCTION IN LIVER DISEASE
Two types of molecular biomarkers, have been studied
as markers of LV dysfunction in patients with cirrhosis.
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First, atrial natriuretic peptide (ANP) and B-type natri
uretic peptide (BNP) measurements are related to
several indexes of systolic and diastolic functions. The
ANP is predominantly synthesized and secreted in the
cardiac atria as a result of direct wall stress; its levels
are elevated in patients with increased intravascular
volume and LV hypertrophy. The presence of a
large LA, as determined by an echocardiography, is
[131]
considered an indirect marker of filling pressure
.
Plasma levels of ANP are increased in patients with
[132,133]
cirrhosis and ascites
, but in only some pre-ascitic
[134]
patients .
BNP and its prohormone (NT-proBNP) are secreted
by heart ventricles in response to massive stretching
of muscle cells or to mild cardiac damage. Previous
studies in cirrhotic patients have demonstrated that
BNP and NT-proBNP serum levels are significantly
elevated and correlate with parameters of cirrhosis
severity, abnormal cardiac structure (septal thickness
[135]
and LV diameter at the end of diastole)
and
function (HR and QT interval) but not with those of
[136]
hyperdynamic circulation
. However, the highest
BNP level correlations are seen with end diastolic
pressures, hence suggesting that the diastolic stretch
[137]
is one of the major determinants of BNP induction .
Furthermore, the BNP levels of patients with cirrhosis
and normal LVSF at rest are also correlated with PCWP
[10]
values and E/e’ ratios . It is recommended that
patients with NT-proBNP levels exceeding 290 pg/mL
[138]
undergo further cardiac evaluation .
Second, Troponin is a structural protein compo
sed of three distinct gene products: troponin C,
cardiac troponin Ⅰ and T (cTnT). Troponins are spe
cific markers for myocardial injury, specially cTnT,
when cardiac lesions are small. Troponin Ⅰ levels are
increased in some patients with alcoholic cirrhosis
and their concentrations are associated with both
lower stroke-volume indexes and LV mass but not
related to the severity of cirrhosis and the degree of
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[139]

[140]

portal hypertension . Recently, Wiese et al
have
observed that high circulating levels of cTnT in cirrhosis
are correlated with indicators of disease severity and
mortality.
Finally, various proteins with enzymatic activities,
[141]
amongst which myeloperoxidase, galectin-3
and
[142]
copeptin
are included, have been investigated in
cardiovascular disease. The analysis of these cardiac
biomarkers may also provide useful insights in the
study of cirrhosis.
Although the prevalence of cardiomyopathy is more
frequent and pronounced in patients with advanced
liver disease, no association between standard liver
function tests, indicating either compromised hepatic
synthesis or the presence of portal hypertension,
and cardiac dysfunction has been reported. However,
when the severity of liver cirrhosis is evaluated by
liver-specific scores (MELD score or the Child-Pugh
classification), associations between the degree of
LVDD, impaired LV systolic and chronotropic functions
[10]
and MELD scores have been observed . At least one
feature of CCM is present in patients who have reached
[143]
Child-Pugh > 8 points
. Correlations between the
severity of liver disease and the presence of changes
[102]
in electrocardiogram at rest have also been found .
Therefore, patients with advanced liver cirrhosis with
high MELD or Child-Pugh scores suggesting the need
for further cardiac investigation.

DIAGNOSIS
The diagnosis of CCM is still difficult to determine
due to the lack of a specific diagnostic tools. The
EF is known to be a marker of LV systolic function.
In patients with cirrhosis, cardiomyopathy occurs
with normal LVSF as estimated by the EF at rest.
However, LV systolic dysfunction in cirrhosis tends
to manifest in conditions of stress although the
manoeuvres that can bring about the condition have
not been standardized yet. A blunted LV response
to catecholamine stimulation through dobutamine
stress echocardiography has been observed in 25%
[123]
of cirrhotic patients
. These findings indicate that
conventional echocardiographic assessment of LV
systolic function based on measurement of EF at
rest is not a good index of contractility in cirrhotic
patients. Recently, 2D-STE has been proposed as an
additional marker for systolic function; hence, this
method can detect subclinical LV dysfunction at an
[13]
earlier stage . Cardiac magnetic resonance imaging
has also emerged as another non-invasive technique
for the measurement of cardiac function by providing
a 3-dimensional representation of the structure of
the heart. This approach yields the same indices of
diastolic function as Doppler echocardiography but
with an increased sensitivity and reproducibility.
At present, the use of cardiac magnetic resonance
for the assessment of diastolic function may only
be considered a research tool. Magnetic resonance
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spectroscopy has the potential to recognise changes in
myocardial bioenergetics and metabolism.
Measurements of LVDD are easily obtainable by
conventional echocardiography and TDI. The diagnosis
of LVDD in most studies performed in cirrhosis has
been based on E/A ratios < 1 ratio and prolonged
IVRT and DT. A prolonged mitral DT is an important
parameter in drawing conclusions about LV stiffness.
Tissue Doppler e’ has been demonstrated to decline
[144]
from normal to LVDD . Most patients with e’ (lateral)
< 8.5 cm/s or e’ (septal) < 8 cm/s and an enlarged
left atrium (≥ 34 mL/m ) have impaired myocardial
relaxation. The E (mitral)/e’ (annular) ratio has been
found to correlate well with increased PCWP. There is
evidence of LVDD when E/e’ ratio is < 8 and E/e’ >
15. Therefore, the E/e’ ratio and other measurements
such as the E/A index and DT are essential for an
approach to grade diastolic dysfunction. Prolonged
QTc-interval might be helpful to identify patients at risk
of CCM which could be diagnosed using a combination
of echocardiography and electrocardiogram data
(Figure 3). On the other hand, serum markers, such
as BNP do not appear to be a sensitive marker for the
assessment of subclinical LVDD.
2

CLINICAL FEATURES
CCM is a subclinical entity. In this regard, when the
cardiac function is explored an abnormal ventricular
behaviour can be observed. A clinical symptom
associated with LVDD is a decreased exercise
tolerance. This may be due to LVDD has a negative
impact on LVSF through its limitation of the Frank[145]
Starling mechanism
. Cardiovascular complications
are not clinically evident in patients with CCM
during the follow-up period. Heart failure does not
present clinically probably because of the peripheral
vasodilation. However, conditions that rapidly
normalize peripheral vascular tone might precipitate
heart failure. Overt cardiac failure has been described
after TIPS and LT. CCM plays an important role in the
pathogenesis of the impairment of effective arterial
blood volume and is a sensitive marker of type 1 HRS
[10]
development in cirrhosis .

Cardiac and circulatory dysfunction in cirrhosis

Research on circulatory function in cirrhosis has
been focused for many years on the peripheral
arterial circulation. However, recent studies indicate
that irrespective of the cause of cirrhosis, there is
also a cardiac dysfunction that could be of major
importance in the deterioration of circulatory and
[130,146,147]
renal function
. At the initial stages of
cirrhosis, portal hypertension induces a progressive
reduction in splanchnic vascular resistance due to
[11,148]
the overproduction of vasodilator molecules
.
Initially, circulatory homeostasis is maintained by
the development of a hyperdynamic circulation
characterized by high plasma volume, cardiac index
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Left ventricular ejection fraction > 50% at rest
in the absence of other known cardiac disease

Diastolic dysfunction

Systolic dysfunction
Blunted contractile responsiveness
to stress (physiologic,
pharmacological)

Grade Ⅰ
e´< 8 cm/s, E/e´ratio < 8
E/A ratio < 0.8
DT > 200 ms, IVRT ≥ 100 ms

Electrophysiological
abnormalities
Prolonged QTc interval
Electromechanical uncoupling
Abnormal chronotropic response

Grade Ⅱ
e´< 8 cm/s, E/e´ratio 9-12
E/A ratio < 0.8-1.5
DT 160-200 ms, IVRT ≤ 90 ms

Grade Ⅲ
e´< 8 cm/s, E/e´ratio > 12
E/A ratio > 2
DT < 160 ms, IVRT ≤ 60 ms

Supportive criteria
2
Left atrium > 34 mL/m
Increased myocardial mass
Increased cardiac enzymes

Cirrhotic cardiomyopathy

Figure 3 Algorithm for the diagnosis of cirrhotic cardiomyopathy. Three ways to diagnose CCM with normal EF at rest have been displayed: (1) Systolic
function. Patients have documented blunted responsiveness to volume and postural challenge, exercise, or pharmacological infusion but the manoeuvres that can
bring systolic dysfunction have not been standardized yet; (2) Diastolic function. The diagnosis of LVDD can be obtained by TDI (E/e′ > 15). If TDI yields an E/e′ ratio
(8 < E/e′ < 15) other echocardiographic investigations such as blood flow Doppler of mitral valve or pulmonary veins, LV mass index or left atrial volume index are
required for diagnostic of LVDD; (3) Electrophysiological abnormalities. a, the prolongation of the electrocardiographic corrected QT interval is common in cirrhosis; b,
electromechanical uncoupling is a dyssynchrony between electrical and mechanical systole. The electrical systole is longer in patients with cirrhosis; c, chronotropic
incompetence is the inability of the heart to proportionally increase HR in response to stimuli (exercise, tilting, paracentesis, infections and pharmacological agents).
CCM: Cirrhotic cardiomyopathy; EF: Ejection fraction; LVDD: Left ventricular diastolic dysfunction; TDI: Tissue Doppler imaging; e’: Peak early diastolic velocity at the
basal part of the septal and lateral corner of the mitral annulus; E/e’ratio: Peak E-wave transmitral/early diastolic mitral annular velocity; E/A ratio: Early diastolic mitral
inflow velocity/late diastolic velocity; DT: Deceleration time; IVRT: Isovolumic relaxation time.
[1,149]

and HR
. Later, during the course of the disease,
increases in the arterial vasodilation in the splanchnic
circulation leads to an activation of the RAAS and
SNS in order to maintain arterial pressure. However,
the progressive decrease in cardiac afterload is not
followed by an increase in HR and CO. Several studies
suggest that circulatory dysfunction in cirrhosis is
associated with a decrease in cardiac function in
addition to splanchnic arterial vasodilation. Firstly,
chronotropic heart function is progressively and
severely impaired in patients with cirrhosis because
the HR is unable to keep up with an increasing SNS
[10,79,130]
activity
. Secondly, cardiac dysfunction plays an
important role in the pathogenesis of the impairment
of effective arterial blood volume in cirrhosis. We
have investigated the relationship between cardiac
dysfunction and the degree of impairment in effective
arterial blood volume (as measured by the PRA)
after categorizing the patients into three groups:
(1) patients without effective arterial hypovolemia
(compensated cirrhosis); (2) patients with ascites
and normal PRA (these being a subgroup of patients
with early decompensated cirrhosis); and (3) patients
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with ascites and increased PRA (group with significant
effective arterial hypovolemia). Patients with cir
rhosis and a maked impairment in effective arterial
blood volume showed significantly higher levels of
norepinephrine concentration and arterial hypotension
as well as lower measurements of LVSF (CO and LV
stroke work) and cardiac chronotropic function when
compared to those with ascites, but normal PRA,
[10]
or without ascites (Figure 4) . These patients also
showed a higher degree in LVDD which indicates a
relationship between the severity of LVDD and other
types of cardiac function abnormalities at rest. These
findings are an indication that cardiac dysfunction plays
an important role in the pathogenesis of the circulatory
[79]
dysfunction in cirrhosis. In contrast, Nazar et al in a
recent study have reported that mild LVDD in cirrhotic
patients does not correlate with systemic circulatory
dysfunction; these findings may be accounted for the
fact that only 16% of patients had grade Ⅱ LVDD.

Cardiac and renal dysfunction in cirrhosis

Several studies have showed a clear association
between abnormal LVSF and renal failure. A longitudinal
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Mean arterial pressure
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Degree of norepinephrine
pg/mL

Left ventricular systolic work
gm-m

LV systolic
function
LV diastolic
function

E/e´ratio

Portal hypertension
without ascites
Compensated cirrhosis

Ascites

Ascites with circulatory dysfunction
Decompensated cirrhosis

Decompensated
cirrhosis

Figure 4 Cardiac and circulatory dysfunction according to presence of compensated and decompensated cirrhosis. There is a progressive splanchnic arterial
vasodilatation due to the overproduction of vasodilator molecules. Initially, circulatory homeostasis is maintained by the development of a hyperdynamic circulation.
Later during the course of decompensated cirrhosis, patients develop an activation of the vasoconstrictor systems to maintain arterial pressure. In subsequent stages,
the progressive decrease in cardiac afterload is not followed by an increase in HR and CO due to a decrease in cardiac function. Finally, in the advanced phase, when
impairment of effective arterial blood volume is extreme, patients showed increased activity of NE concentration, arterial hypotension and reduced LVSF (CO and LV
stroke work), and cardiac chronotropic function, and a higher degree in LVDD (E/e’) as compared to those with ascites, but normal NE, or without ascites. E/e’ratio:
Peak E-wave transmitral/Peak early diastolic mitral annular velocity.

study performed in a large cohort of patients with
cirrhosis and tense ascites with normal renal function
[130]
at baseline , strongly supports the assumption that
CCM contributes to the pathogenesis of hepatorenal
syndrome (HRS). These patients were studied at
inclusion and following the development of HRS. Forty
percent of patients developed HRS. Patients who went
on to develop HRS had significantly lower baseline
mean arterial pressure, CO, stroke volume (SV), leftventricular stroke work (LVSW) and significantly higher
PRA and norepinephrine concentration when compared
with those who did not develop HRS. After developing
HRS, patients experienced a further increase in the
activity of vasoconstrictor hormones and a further
deterioration of their hemodynamics with a decrease
in their mean arterial pressure, CO, SV, and LVSW.
Baseline PRA and CO were the only independent
predictors for the development of HRS. Non-azotemic
patients with more advanced stage of CCM could be
[10]
[147]
specially predisposed to develop HRS . Krag et al
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have recently demonstrated a significant relationship
between the degree of systolic and renal dysfunction
in patients with decompensated cirrhosis. On the
[146]
other hand, in a different study
we have recorded
systemic hemodynamics and endogenous vasoactive
systems in patients with spontaneous bacterial
peritonitis (SBP) at the time of diagnosis and following
infection resolution (Table 1). Patients developing HRS
after SBP resolution showed a reduction of 32% in CO
whereas these changes were not observed in patients
who did not develop HRS. SVR values were normal
or reduced and the HR did not increase despite an
intense stimulation of the endogenous vasoconstrictor
systems. Circulatory dysfunction in type-1 HRS,
therefore, appeared to be related to the simultaneous
occurrence of a progression of arterial vasodilation and
a decrease in CO. The results of these studies suggest
that LVSF is insufficient to maintain adequate arterial
blood pressure and renal perfusion and plays an
important role in the pathogenesis of HRS.
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Table 1 Changes of cardiovascular function and vasoactive systems from patients with spontaneous bacterial peritonitis to
hepatorenal syndrome

Serum creatinine (mg/dL)
MAP (mmHg)
SVR (dyn•s/cm5)
PAP (mmHg)
PCWP (mmHg)
Cardiac output (L/min)
Heart Rate (bpm)
Norepinephrine (pg/mL)
PRA (ng/mL•h)

SBP Group-1

SBP Group-2

SBP Group-2

P value

At diagnosis of infection
1.0 ± 0.3
83 ± 10
893 ± 196
12.0 ± 2.0
5.9 ± 1.8
7.4 ± 1.9
87 ± 16
315.7 ± 172
3.9 ± 3.6

At diagnosis of infection
1.3 ± 0.6
83 ± 7
1137 ± 220a
13.2 ± 4.0
5.7 ± 4.0
5.7 ± 0.9a
93 ± 13
797.3 ± 226.6a
18.4 ± 11.2a

At diagnosis of HRS
2.5 ± 0.4
73 ± 8
1268 ± 320
12.6 ± 3.7
7.4 ± 2.6
4.6 ± 0.7
87 ± 9
1290.5 ± 415.3
28.3 ± 12.4

< 0.02
< 0.02
NS
NS
NS
< 0.02
NS
< 0.02
< 0.02

Data obtained from Ruiz-del-Árbol et al[146]. Renal failure in SBP is related to a deterioration of circulatory function. At baseline, there were no signiﬁcant
differences between groups in serum creatinine. At diagnosis of infection, patients in the SBP Group-2 showed lower cardiac output and higher levels of
systemic vascular resistance, PRA and NE than patients in the SBP Group-1. Following resolution of infection, patients in the SBP Group-2 had severe renal
failure and a further decrease in cardiac output, low arterial pressure, and extremely high levels of PRA and NE. There were no signiﬁcant differences
between groups in heart rate and cardiopulmonary pressures. SBP Group-1, Cirrhotic patients with spontaneous bacterial peritonitis that had not
developed hepatorenal syndrome in the follow-up; SBP Group-2, Cirrhotic patients with spontaneous bacterial peritonitis that had developed hepatorenal
syndrome in the follow-up. aP < 0.025 vs values at diagnosis of infection of SBP Group-1. Data are presented as mean ± SD. SBP: Spontaneous bacterial
peritonitis; HRS: Hepatorenal Syndrome; NS: Not significant; MAP: Mean arterial pressure; PAP: Pulmonary artery pressure; PCWP: Pulmonary capillary
wedged pressure; SVR: Systemic vascular resistance; PRA: Plasma renin activity.

PROGNOSIS
CCM prognosis is difficult to establish in patients with
cirrhosis due to the concomitant liver and cardiac
function progressive deterioration. However, one
aspect of CCM that has not been specifically addressed
is how to assess prognosis in patients with CCM. This
information may be particularly relevant to establish
priority for patients who are candidates for LT. Most of
the existing information on outcome and prognostic
factors for these patients is derived from studies
before the introduction of the new diagnostic criteria
of LVDD. Previous studies have demonstrated that E/A
ratio < 1 was an independent predictor of death in
[150,151]
patients with cirrhosis who are treated with TIPS
.
Recently, we have observed that the categorization of
patients with cirrhosis according to diastolic function
has prognostic relevance. Patients with grade Ⅱ LVDD
had the shortest probability of survival. Survival was
signiﬁcantly lower in patients with E/e’ ratios >10
[10]
in the subsequent year . In addition, the accuracy
of the E/e’ ratio in the prediction of survival was
not affected by the severity of liver dysfunction as
estimated by MELD. The independency between LVDD
severity and other prognostic factors suggests that
CCM per se has a negative effect on the natural history
of cirrhosis. In contrast, an association between LVDD
and bad prognosis could not be found in two recent
[80,152]
works
. A higher prevalence of patients with grade
Ⅱ LVDD in our sample (47%) as compared to 16%
[79]
patients in studies of Nazar et al
and Sampaio et
[152]
al
and a longer follow-up period may explain these
[153]
differences. In fact, Alexopoulou et al
observed
that patients with mild LVDD had a tendency for
worse survival when they were followed up for periods
ranging between 15 and 40 mo. A recent study has
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also showed poorer survival rates in patients with
LVDD when they had longer follow-up periods (2
[154]
years) . Therefore, patients with severe LVDD might
represent a subgroup of the cirrhotic population who
are at higher risk of poorer long-term outcomes. This
should be taken into account when patients with CCM
are listed for LT.
The increased mortality risk in patients with
grade Ⅱ LVDD and cirrhosis could be related to a
more deteriorated circulatory function that occurs
simultaneously with others types of cardiac function
abnormalities. These patients with CCM cannot
adequately enhanced the ventricular performance
of the heart in response to clinical events such as
infections. Studies performed in patients with SBP
have shown that some patients frequently develop a
rapidly progressive deterioration of circulatory function
which is thought to be related to the impaired response
of the peripheral arterial circulation to endogenous
vasoconstrictor systems and a decrease in cardiac
[146]
output
. The impairment in cardiac function occurs
because patients with SBP have a deterioration in
inotropic and chronotropic function. Such impairment
of ejection performance is also recognized in diseases
associated with hyperdynamic circulation. Cardiac
dysfunction in sepsis and cirrhosis bear remarkable
similarities. In both conditions, patients who have an
inadequate increase in CO to vascular stress show a
higher mortality.

TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC SHUNT
Patients with CCM have reduced ability to compensate
[155]
for vascular stresses such as TIPS
. Transjugular
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intrahepatic portosystemic shunt (TIPS) implantation
in patients with cirrhosis exacerbates the hyperkinetic
circulation and challenges the heart function. These
modifications are caused by the shift of a large
volume of blood from the splanchnic to the central
circulation that occurs after the procedure. Cirrhotic
patients show changes of LV diastolic volumes and
[156-158]
dimensions, stroke volume
and a transient
[157-159]
pulmonary hypertension
for 3-6 mo following
TIPS implantation but the myocardial thickening
[37]
continues to increase in the post-TIPS period . A
worsening in cardiac hemodynamics already present in
cirrhotic patients has been documented when a TIPS
[160,161]
is created
. Clinical episodes of acute pulmonary
edema and heart failure have been reported as
[162]
individual cases
as well as in randomised trials in
[163,164]
patients with cirrhosis and refractory ascites
.
However, the cardiovascular effects vary to a great
extent according to the pre-TIPS state of central blood
volume. Patients with effective hypovolaemia show a
marked improvement of diastolic function revealed by
[92]
increasing E/A ratios and a slight reduction of DT .
Pre-TIPS LVDD has been associated with a slower
[149]
mobilization of ascites ; it is thought these patients
are unable to increase their preload adequately
following the TIPS implementation and therefore, the
relative underfilling of the effective arterial circulation
persists after the intervention. Recently, the studies
[151]
[150]
by Cazzaniga et al
and Rabie et al
have de
monstrated that the persistence of LVDD one month
after the TIPS insertion identifies a new subgroup of
patients with a poor prognosis during follow-up. These
findings suggest that patients with LVDD should be
frequently observed after TIPS implantation.

TREATMENT
[165]

Currently, there is no specific treatment for CCM
.
Atrial fibrillation in patients with CCM it is known
precipitate an increase in amount of ascites or
dyspnea. Hence the importance of maintaining the
sinus rhythm in these patients with CCM.

Pharmacologic therapy

Theoretically, pharmacological agents that facilitate
myocardial relaxation and improve LV compliance
would be ideal for the treatment of LVDD. β-blockers,
calcium channel blockers, angiotensin-converting
enzyme (ACE) inhibitors, and angiotensin Ⅱ receptor
blockers are the most frequently used agents for
treating diastolic dysfunction. ACE inhibitors or
angiotensin Ⅱ receptor blockers are probably helpful
to reduce the progression of grade-1 LVDD. However,
these inhibitors are contraindicated because may
precipitate profound hypotension and aggravate the
systemic vasodilatory state of patients with advanced
cirrhosis.
Positive inotropic agents enhance the rate of LV
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relaxation but cardiac glycosides are ineffective in
increasing cardiac work in patients with alcoholic
[166]
cirrhosis . Cardiac βAR are down-regulated in cirrhosis,
so administration of β-agonists such as isoproterenol
or dobutamine are not beneficial for the treatment
of LVDD. Since most of the filling of the LV occurs in
early diastole, prolonging the diastolic filling time with
a β-blocker would not be beneficial in patients with
grade-2 LVDD. Animal experimental data has shown that
[167]
early diastolic relaxation is impaired by β-blockers . In
addition, β-blockers may be harmful due to reduction in
CO in accordance with a decrease in the HR. In fact, the
administration of β-blockers is associated with poor longterm survival in patients with cirrhosis and refractory
[114]
ascites . These results suggest that β-blockers should
be avoided in these patients.
Management of CCM with heart failure should
follow the same recommendations as non-cirrhotic
patients including salt and fluid restriction, diuretics
[168,169]
and afterload reduction
. The treatment of the
loading conditions (preload) should be a goal for the
treatment of LVDD. Diuretics are an appropriate therapy
for reducing the LV preload. Aldosterone antagonists
counteract the effect on fibroblasts and cardiomyocytes
[170]
growth
and reduce the circulatory volume load.
[171]
Pozzi et al
have demonstrated that aldosterone
blockade by long-term K-Canrenoate administration
in Child A cirrhotic patients can lead to decreases in
the LV wall thickness; there was no significant change
in diastolic function as evaluated by the E/A ratio at 6
mo. These findings may be due to the short duration
of the study. The effect of aldosterone antagonists on
Child B-C patients is unknown. It is important to note
that diuretics in cirrhosis must be used judiciously
because of the sensitivity to volume of patients with
LVDD bears the risk that excessive diuresis result in a
sudden drop of stroke volume.
Cardiomyopathy associated with adrenal insufficiency
(AI) is known to cause impairments in myocardial
contractility. In addition, relative AI has been reported
in approximately 10%-26% of noncritically ill patients
[172-174]
with cirrhosis
. Therefore, AI may contribute to
CCM. In such cases, steroid treatment might result
in improvement in cardiac function under stressful
[175,176]
conditions but this needs further evaluation
.
Improvements in our understanding of the molecular
pathogenesis of CCM and its incorporation into the
diagnostic and therapeutic approaches will enhance the
patient management in this cirrhotic population.

Liver transplantation

Liver transplantation (LT) carries the risk of periopera
tive hemodynamic impairment. During graft reper
fusion there is a hemodynamic stress which is
characterized by a sudden increase in pre-load. A
retrospective analysis has shown that 23% of cirrhotic
patients undergoing LT had a decrease in stroke
work despite increases in PWCP during the procedure
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[177]

after reperfusion
. Baseline data of LV systolic or
diastolic function could not identify the abnormal heart
response during LT. Another retrospective study has
reported latent myocardial dysfunction in 35.7% of
[178]
liver recipients after graft reperfusion . In the setting
of a cardiomyopathy, elevation in PCWP levels carries
the risk of post-reperfusion hemodynamic instability.
Post-reperfusion syndrome affects 8%-30% of patients
intraoperatively. This syndrome is characterized by a
decrease in mean arterial pressure of at least 30%
for 1 min within the first 5 min with bradycardia after
[179]
unclamping of the portal vein and liver reperfusion .
Heart failure, myocardial infarction, and arrhythmias
in the perioperative and postoperative periods after
[180,181]
LT have been reported in 25%-70% of patients
.
Other retrospective study indicate that systolic heart
failure is significantly more likely to develop postoperatively among patients with elevated pulmonary
[182]
artery or right-heart pressures pre-operatively
.
Preoperative evaluation with transthoracic Doppler
echocardiography can help identify those LT candidates
at greatest risk of developing clinical heart failure
[183]
syndrome postoperatively .
Cardiac causes of immediate deaths after LT include
post-reperfusion syndrome, pulmonary hypertension
[184]
and cardiomyopathy . Cardiac reserve pretransplant
has been associated with outcomes postoperatively.
[185]
Nasraway et al
observed that patients with pre
operative reduced cardiac performance had increased
frequency of multiorgan failure and death after LT.
These findings in non-survivors could be only expla
ined by an early myocardial depression (within 12 h)
postoperatively.
CCM has been evaluated by echocardiography
using the E/A ratio in three prospective studies. In
[186]
the first study , all 40 patients showed significantly
lower diastolic ventricular function 3 mo after LT which
[187]
was associated with mild LVH. The second study
evaluated 30 patients with repeated measurements
in the 13-40 mo following LT. The most striking
finding of the study was an increase in the number
of patients (60%) with abnormal diastolic function.
Both authors comment that these patients did
not have cardiac symptoms. Finally, Torregrosa et
[188]
al
have demonstrated in 15 patients with repeat
measurements 6-12 mo after LT an improvement in
cardiovascular changes associated with CCM. On the
other hand, in a different study an improvement of
QTc interval has been observed at 3 mo following LT in
[106]
about half of cases .
The presence of pre-operative CCM could be a risk
factor for complications after LT. Recently, it has been
suggested that pre-transplant LVDD is associated with
an increased risk of allograft rejection, graft failure and
[189,190]
LVH after LT
. All this data suggests the need for
a careful cardiac assessment of cirrhotic patients who
[191]
are candidates for liver transplantation .
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CONCLUSION
CCM is a chronic cardiac dysfunction characterized
by impaired contractile responsiveness to stress
stimuli and/or impaired diastolic relaxation and
electrophysiological abnormalities in the absence
of other known cardiac diseases. The mechanisms
involved in the impaired contractile function of the
cardiomyocyte in experimental cirrhosis include
impairment of the b-adrenergic receptor signalling,
abnormal cardiomyocyte membrane lipid composition
and biophysical properties, ion channel defects, and
overactivity of humoral inhibitory factors. CCM is a
subclinical cardiac failure. Echocardiography allows the
detection of LVDD, with the E/e’ ratio being the best
screening test to detect the condition. The degree of
cardiac dysfunction correlates with liver function and
the clinical consequences of major importance are
related to deterioration of circulatory function and risk
of HRS development during the course of cirrhosis.
The severity of cardiac dysfunction may be a sensitive
marker for mortality. Treatment is non-specific but LT
may normalize the cardiac function.
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This review focuses on new findings about the in
flammatory status involved in the development of
human liver cirrhosis induced by the two main causes,
hepatitis C virus (HCV) infection and chronic alcohol
abuse, avoiding results obtained from animal models.
When liver is faced to a persistent and/or intense local
damage the maintained inflammatory response gives
rise to a progressive replacement of normal hepatic
tissue by non-functional fibrotic scar. The imbalance
between tissue regeneration and fibrosis will determine
the outcome toward health recovery or hepatic
cirrhosis. In all cases progression toward liver cirrhosis
is caused by a dysregulation of mechanisms that
govern the balance between activation/homeostasis
of the immune system. Detecting differences between
the inflammatory status in HCV-induced vs alcoholinduced cirrhosis could be useful to identify specific
targets for preventive and therapeutic intervention
in each case. Thus, although survival of patients
with alcoholic cirrhosis seems to be similar to that of
patients with HCV-related cirrhosis (HCV-C), there
are important differences in the altered cellular and
molecular mechanisms implicated in the progression
toward human liver cirrhosis. The predominant features
of HCV-C are more related with those that allow viral
evasion of the immune defenses, especially although
not exclusively, inhibition of interferons secretion,
natural killer cells activation and T cell-mediated
cytotoxicity. On the contrary, the inflammatory status
of alcohol-induced cirrhosis is determined by the
combined effect of direct hepatotoxicity of ethanol
metabolites and increases of the intestinal permeability,
allowing bacteria and bacterial products translocation,
into the portal circulation, mesenteric lymph nodes
and peritoneal cavity. This phenomenon generates a
stronger pro-inflammatory response compared with
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HCV-related cirrhosis. Hence, therapeutic intervention
in HCV-related cirrhosis must be mainly focused to
counteract HCV-immune system evasion, while in
the case of alcohol-induced cirrhosis it must try to
break the inflammatory loop established at the gutmesenteric lymph nodes-peritoneal-systemic axis.
Key words: Inflammation; macrophages; cirrhosis;
alcohol; hepatitis C virus; cytokines; liver
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review focuses on new findings about
the inflammatory status involved in the development
of human liver cirrhosis, avoiding results obtained
from animal models. Liver cirrhosis is induced by the
two main causes, infection with hepatitis C virus and
chronic alcohol abuse. Detecting differences in the
inflammatory status between both cirrhosis etiologies
could be useful to identify specific targets for preventive
and therapeutic intervention in each case.
Martínez-Esparza M, Tristán-Manzano M, Ruiz-Alcaraz AJ,
García-Peñarrubia P. Inflammatory status in human hepatic
cirrhosis. World J Gastroenterol 2015; 21(41): 11522-11541
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i41/11522.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i41.11522

INTRODUCTION
Liver cirrhosis is an end stage hepatic disarrangement
characterized by a progressive replacement of the
functional hepatic architecture by non-functional
fibrotic tissue. Alcoholic liver disease (ALD) and
hepatitis C virus (HCV) infection are the two main
etiologies of chronic liver diseases leading to cirrhosis
[1]
and liver-related death in the Western world . Ne
vertheless, hepatic cirrhosis can be also caused by
hepatitis B virus (HBV) infection, hemochromatosis,
Wilson´s disease, autoimmune hepatitis, nonalcoholic
[2]
steatohepatitis associated to diabetes or dislipemy .
While the overall death rate caused by cirrhosis has
[3]
fallen in the last thirty years , HCV death rates,
closely associated with cirrhosis, have been increasing
[4]
since the 1990s .
Survival of patients with alcoholic cirrhosis (ALC-C)
seems to be similar to that of patients with HCVrelated cirrhosis (HCV-C). However, it has been re
ported that the risk to develop ascites is higher in
ALC-C, while progression to hepatocellular carcinoma
[5]
is higher in HCV-C . Most experimental data of ALD
are obtained from animal models in stages of mild liver
injury (moderate inflammation and steatosis), while
severe alcoholic hepatitis (AH) in humans is developed
in the phase of cirrhosis associated with severe hepatic
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failure. Furthermore, extrapolation from murine
models to man is not always feasible. Hence, human
translational studies are crucial for the development
of new therapeutic strategies. It is well established
that alcohol withdrawal and brief administration of
corticosteroids are critical to ameliorate the survival of
[6]
patients with AH and ALC-C . However, almost 40%
of people with the most severe forms of AH will not
[7]
improve after that treatment .
Clearing HCV infection is difficult owing its high
tendency to persist and induce chronic hepatitis C
in approximately 75%-80% of infected individuals.
For this reason, more research on the key factors
required for a successful immune response against
HCV is necessary to avoid progression toward hepatic
cirrhosis. In this respect, it has been shown that the
ability to spontaneously eradicate the virus, as well as
the outcome of infection upon treatment with human
recombinant interferon (IFN)-α correlate most closely
with genetic variations within the region encoding the
[8]
IFN-λ genes (reviewed by Mihm ).
Nevertheless, little is known as for the differences
and/or similarities between alcohol- and HCV-induced
[9]
liver disease at the cellular and molecular levels
and, to the best of our knowledge, data on the in
flammatory status of ascitic human peritoneal cells are
very scarce. Hence, understanding the differences in
the immune response mechanisms implicated in the
pathogenesis of alcohol- and HCV-induced liver disease
will contribute to a better development of individually
tailored preventive and therapeutic procedures.

Natural history of liver cirrhosis

Hepatic damage leading to cirrhosis is the result of
a complex mechanism involving, from direct toxic
effects to a sustained inflammatory process, driving to
the death of hepatocytes and liver fibrosis, mediated
by secretion of several cytokines. The inflammatory
reaction is the coordinated process by which the
liver responds to local insults, trying to restore the
original structure and hepatic function. However, if
the local damage is persistent and/or intense, the
maintained inflammatory response gives rise to a
gradual replacement of normal hepatic tissue by
non-functional fibrotic scar. The imbalance between
tissue regeneration and fibrosis will determine the
outcome toward health recovery or hepatic cirrhosis.
The involvement of the innate immune response in
the pathogenesis of liver cirrhosis has been largely
[10]
described . Secretion of interleukin (IL)-1β and tumor
necrosis factor (TNF)-α by hepatic macrophages, which
are accumulated in the liver during chronic hepatic
[11,12]
inflammation has been reported
. Increased
hepatic and systemic injury is related with a high
production of pro-inflammatory cytokines such as IL1β, TNF-α, IL-6, IL-17, as well as anti-inflammatory
cytokines, IL-10 and transforming growth factor
[13]
(TGF)-β . Galectin (Gal)-3, a crucial component of the
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Figure 1 Progression and complications in human liver cirrhosis. The evolution of the liver cirrhotic disease, according to the clinical criteria, mortality rate,
pathology characteristic, HVPG, signs and the presence of ascites, is shown. Stage 1 in a compensated cirrhosis differs from stage 2 in the appearance of esophageal
varices as well as the increase of portal pressure. Stage 3 is characterized by the presence of ascites and/or esophageal varices. If variceal hemorrhage occurs,
cirrhosis gets to stage 4. Cirrhosis could be a reversible process in the earlier stages, as indicated with the orange arrows. HVPG: Hepatic venous pressure gradient;
SBP: Spontaneous bacterial peritonitis.

host response in tissue injury and acute inflammation,
has also been implicated in the progression toward
chronic inflammation after persistent insults. Although
normal human hepatocytes do not express Gal-3, it
is strongly expressed in the periphery of regenerating
nodules in human hepatic cirrhosis produced by a wide
[14-16]
range of etiologies
.
Hepatic stellate cells (HSCs) have a fundamental
role in liver immunology. These cells are the main
storage place for dietary vitamin A, that is required for
the suitable function of the immune system, represent
a multifaceted source of many soluble immunological
[17]
active mediators including cytokines and chemokines ,
may function as an antigen presenting cells (APC), and
have autophagy capacity. HSCs are crucial sensors
of altered liver tissue integrity and able to initiate the
[18]
activation of cells of the innate immune system . HSC
is considered the main fibrogenic cell type in the liver.
These cells produce several types of extracellular matrix
proteins and, when activated, they lose their Vitamin
A and lipids storage compartments and develop a

WJG|www.wjgnet.com

[18-20]

myofibroblastic phenotype
.
Local accumulation of fibrous tissue isolates normal
hepatic lobules, hindering the contact and metabolic
exchange between hepatocytes and blood sinusoids,
disrupting the normal architecture of the liver, which
is steadily replaced by abnormal nodules surrounded
by fibrous tissue. This process results in a progressive
hepatic loss of function, such as catabolism of toxins
and drugs, metabolism regulation of carbohydrates,
lipids and proteins, synthesis of multiple proteins and
[21]
others crucial molecules . Although liver cirrhosis
conveys a progressive liver derangement leading
to the patient’s death because limited therapeutic
strategies are available, there is increasing evidence
suggesting that hepatic fibrosis constitutes a po
[22]
tentially bidirectional dynamic process . Several
stages are distinguished according to the clinical
progression of liver cirrhosis (Figure 1). Frequently,
there is an asymptomatic or oligo-symptomatic stage
of variable duration referred to as compensated liver
cirrhosis followed by the decompensated liver cirrhosis
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stage, characterized by the presence of ascites, hepatic
encephalopathy, esophageal varices and bleeding,
jaundice, renal and cardiac failure and frequently,
[23]
hepatocellular carcinoma development . The ChildTurcotte-Pugh (CTP) and Model for End-Stage Liver
Disease (MELD) scores are currently used to estimate
the hepatic dysfunction and define prognosis, but they
do not provide direct evidence of the stage or dynamic
[24]
state of cirrhosis .

IMMUNE DYSREGULATION INDUCED BY
HCV INFECTION
Liver damage in chronic infection by HCV is currently
attributed to host’s immune-mediated mechanisms,
since HCV itself does not cause a cytopathic effect.
Multiple HCV-associated components interact with
different elements of the host’s innate and adaptive
immune system. In this respect, HCV genome RNA,
HCV core and other non-structural proteins activate
host innate immune response via different pathogenassociated pattern recognition receptors (PRRs) such
[25]
as, Retinoic acid inducible gene-Ⅰ receptor (RIG-I) ,
[26,27]
Toll-like receptors (TLRs)
, Nucleotide-binding
oligomerization domain-like receptor family (NLRP3)/
[28]
[29]
caspase-1
and protein kinase R , expressed on
hepatocytes, Kupffer cells, plasmacytoid dendritic
cells and natural killer (NK) cells among others. This,
triggers specific intracellular signaling pathways
leading to secretion of type Ⅰ and type Ⅲ IFNs, proinflammatory cytokines, chemokines and other antiviral
products aimed to interfere and eliminate the viral
[30]
infection . However, several HCV-components are
able to disrupt and interfere with innate and adaptive
cellular components impairing the immunoregulatory
and cytotoxic activity of several innate and adaptive
+
+
cell types, such as APCs, NK cells and CD4 and CD8
T lymphocytes, among others. HCV regulation of the
cross-talk between hepatic resident and recruited cell
subtypes seems to dictate the profile of IFNs as well
as pro- and anti-inflammatory cytokines production,
which will be critical to determine the outcome of
natural and treated HCV-infections.

Monocytes, macrophages and kupffer cells

Myeloid mononuclear cells are integrated by circulating
blood monocytes, tissue resident macrophages,
referred to as Kupffer cells (KCs) in the liver and
dendritic cells. These cell types link innate and
adaptive immunity and are crucial in the development
and maintenance of many inflammatory diseases. The
role of KC in the clearance and persistence of HCV
[31]
has been recently reviewed by Boltjes et al . The
number of KC in the liver is increased in chronic HCV
[32,33]
infection
, they display an activated phenotype
with high mRNA expression levels of CD33 and CD163
[34,35]
receptors
. Albeit a direct effect of KC on replication
of HCV is unknown, it has been described that the
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TNF-α produced by lipopolysaccharide (LPS)- and HCVactivated KC, enhances HCV infection in hepatoma
[36]
cells . Furthermore, IL-6, IL-1β, and IFN-β secreted
[28,37-39]
by HCV- or TLR-ligand-stimulated KC pathways
[40,41]
inhibit HCV replication
, suggesting that KC can
also exert antiviral effect upon HCV exposure.
Nonetheless, viruses can interfere with the proinflammatory activity of macrophages/KC to avoid
host defenses. In this respect, several studies have
shown that HBV and HCV are able to neutralize the proinflammatory activities of immune cells and hepatocytes
[42-46]
by interfering with TLR- and RIG-I-signaling
.
However, studies on the effect on human KC are limited,
mainly because the difficulty to distinguish between
liver infiltrating macrophages and resident KC. Hence,
several studies have shown altered TLR responses of
blood monocytes obtained from chronic HCV-infected
patients, and modulation of cytokine synthesis by HCV
[47-49]
proteins
. Meanwhile, one study described the
suppressed effect on the synthesis of typeⅠIFN and on
the expression of TRAIL in human isolated KC by HCV
core protein through disruption of the toll-like receptor
3 (TLR3)/TIR-domain-containing adapter-inducing
interferon-β (TRIF)/TANK binding kinase 1 (TBK1)/
[37]
Interferon regulatory factor 3 (IRF3) pathway . In
turn, chronic exposure of APCs to the core antigen
induced hyporesponse to TLR ligands through activation
of TLR2, which correlated with liver dysfunction as
determined by platelet numbers and prothrombin
time levels. Furthermore, stimulation with TLR ligands
resulted in decreased synthesis of IL-6 by peripheral
blood monocytes from HCV- but not from HBV-infected
[50]
patients .
It has also been described that chronic hepatitis C
patients have high levels of serum IL-1β in comparison
to healthy controls. Several lines of evidence indicate
that secretion of IL-1β by resident hepatic macrophages
produces liver inflammation through HCV-induced
NLRP3/caspase-1 inflammasome signaling. RNA se
quencing analysis from the liver of patients with chronic
hepatitis C demonstrated that viral engagement of
the NLRP3 inflammasome stimulated IL-1β production
leading to pro-inflammatory cytokine, chemokine, and
immunoregulatory gene expression networks linked
[28]
with clinical deterioration .

NK cells

Relating the role of NK cells in the defense against HCV
infection, it is assumed that a strong and rapid NK cell
response at early stages of the infection induces strong
T cell responses leading likely to HCV clearance. In
contrast, chronic HCV infection tends to be related with
impaired NK cell activity and phenotypes (reviewed by
[51]
Ahlenstiel ) biased towards impaired ability to produce
IFN-γ, elevated expression of NKp46-activating
receptor, reduced TRAIL and CD107a expression and
[52-54]
impaired degranulation compared with controls
.
Hence, persistence of HCV infection is favored by the
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impaired secretion of IFN-γ, which is required to induce
a strong T helper 1 (Th1) mediated cytotoxic response.
[55]
According with this, Li et al
compared the immune
state and correlations between cirrhosis produced by
HBV and HCV. The levels of IL-6 (Th2 cytokine) in both
groups of cirrhotic patients were increased, while the
IFN-γ (Th1 cytokine) was only increased in HBV-related
cirrhotic patients. Thus, differences were not detected
between these cirrhotic groups except in the IFN-γ
level.
Furthermore, it has been described that certain
high
chronically activated NKp46
subsets may be es
pecially active against HSC, a crucial player in liver
fibrogenesis. The relevance of NK cells in the resolution
of HCV infection can be also exemplified by the effect
of genetic polymorphisms of killing inhibitory receptors
and their Human leukocyte antigen (HLA) ligands
[56]
on the individual outcome of HCV infection . Many
possible mechanisms, by which HCV may impair NK
cell cytotoxic and immunoregulatory functions have
[57]
been described. Thus, Sène et al
reported that
expression of the Natural killer group 2D receptor
(NKG2D) activating receptor on circulating NK cells is
down-regulated in chronic HCV infection, although its
ligands, MHC class Ⅰ-related chain (MIC) molecules,
are expressed on hepatocytes. This impairs NK cellmediated cytotoxicity and secretion of IFN-γ. Moreover,
stimulation of monocytes with HCV recombinant
NS5A protein through TLR4 promoted p38- and
phosphatidylinositide 3-kinase (PI3K)-dependent IL-10
secretion, while inhibited the production of IL-12. In
turn, IL-10 triggered secretion of TGF-β which downregulated the expression NKG2D on NK cells, impairing
their effector activity. Notably, this effect could be
impeded by exogenous IL-15, which could be assayed
as adjuvant of current treatments.
Moreover, the up-regulation of KLRG1, an inhibitory
transmembrane protein expressed on peripheral
+
blood CD56 NK cells and antigen-experienced T cells
in patients with chronic HCV infection, negatively
regulated NK cell numbers and functions through the
Akt pathway. Blockage of KLRG1 signaling significantly
restored the impaired IFN-γ secretion by NK cells from
[58]
HCV-infected patients .

T and B lymphocytes

+

Besides NK cells, HCV-specific CD8 cytotoxic T
lymphocytes kill HCV-infected cells via the perforin/
granzyme lytic pathway, but also by secretion of
Fas ligand (CD178 or CD95L) and inflammatory
cytokines, mainly IFN-γ. In this respect, impaired
T-cell responses in chronic HCV-infected patients have
been related with HCV persistent infection. Thus, HCVspecific T-cells become unresponsive and apparently
disappear in chronic HCV-infections through several
possible mechanisms, such as mutations in critical viral
epitopes, insufficient help, expansion of regulatory
T-cells (Treg) or clonal anergy.
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[59]

Tacke et al
reported that HCV induces the
+
accumulation of CD33 myeloid-derived suppressor
cells (MDSC) in human peripheral blood mononuclear
cells (PBMC), resulting in reactive oxygen species
(ROS)-mediated suppression of T-cell responsiveness.
Hence, the accumulation of MDSCs during HCV
infection may reinforce and maintain HCV persistent
[59]
infection . Furthermore, patients with microscopic
signs of inflammation displayed a significant higher
+
CD8 T-cell response to five HCV-derived epitopes from
core, NS3A, NS3B, NS4B, and NS5B antigens and also
+
a higher CD4 Th1 response to the HCV core antigen
than individuals with signs of fibrosis/cirrhosis. These
results indicate that the insufficient T-cell response
to HCV is associated with the progression of cirrhosis
[60]
during chronic HCV infection .
+
+
Expansion of CD4 FoxP3 Treg in chronic HCV[61]
infected liver has been reported . In this respect,
the Tim-3 pathway seems to control the effector/
regulatory T cell balance by modifying apoptosis and cell
[62]
[63]
proliferation during HCV infection . In turn, Ji et al
showed that HCV-infected human hepatocytes express
higher levels of TGF-β and Gal-9, and upregulate the
expression of both, Tim-3 and regulatory cytokines
+
TGF-β/IL-10 in co-cultured human CD4 T cells, which
+
+
evolved into CD25 FoxP3 Treg cells. Notably, blockade
of Tim-3/Gal-9 ligations abrogated HCV-mediated Tregcell promotion by HCV-infected hepatocytes, suggesting
that interactions of Tim-3/Gal-9 may regulate the
+
development and function of human FoxP3 Treg cells
[63]
during HCV infection . More recently, it has been
+
reported that CD4 T cells expressing HCV-core protein
+
upregulate FoxP3 and IL-10, and suppress CD8 and
+
[64]
CD4 T cell populations .
The role of neutralizing antibodies on the patho
genesis of HCV infections remains unclear. However it
is likely that humoral immunity may contribute to the
lysis of HCV-infected liver cells via antibody-dependent
cellular cytotoxicity.

MicroRNAs

MicroRNAs (miRNAs) are endogenous small noncoding
RNAs that regulate gene expression by binding to
[65]
mRNAs to interfere with the process of translation .
Several miRNAs are related to different liver diseases
[66]
depending on the etiologies , being miR-122 involved
in the HCV replication process. Expression of miR- 16,
[67]
193b, 199a, 222, 324 in PBMCs
and serum levels
of miR-122 and miR-155 are elevated in chronic HCV
[68]
infection and correlate as inflammatory markers .

IMMUNE DYSREGULATION INDUCED BY
CHRONIC ALCOHOL ABUSE
ALD is the result of the combined effect of direct
hepatotoxicity of ethanol, which is metabolized into
[69,70]
acetaldehyde on hepatocytes
and increases of
[71]
the intestinal permeability , allowing bacteria and
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Figure 2 Inflammatory status in alcohol- and hepatitis C virus-induced human liver cirrhosis. The direct injury mediated by the hepatitis C virus infection on the
liver (1) and by the toxicity of alcohol simultaneously on the liver (1) and GALT (2), produces an inflammatory response that is spread in the systemic blood circulation.
This induces increases in translocation of bacterial products in the earlier stages, and of alive bacteria in advanced stages, which trigger a local inflammatory response
within the GALT that further augments intestinal permeability, perpetuating BT. Local abdominal inflammation promotes and maintains systemic inflammation, that
would close the loop, aggravating the situation with the progression of the disease, leading to the exhaustion of the immune system defenses. The differences in the
inflammatory status between both etiologies are indicated in the figure. HCV: Hepatitis C virus; GALT: Gut associated lymphoid tissue; BT: Bacterial translocation;
TNF: Tumor necrosis factor; IL: Interleukin; ALC: Alcohol; Th: T helper; pERK: Phosphorylated extracellular signal-regulated kinase.

gut-derived bacterial products, mainly endotoxin,
translocation in the portal circulation (Figure 2). The
microbiota composition is altered and correlates
with endotoxemia especially in certain subgroup of
[72,73]
alcoholics
. Endotoxin can be frequently detected
in serum and ascites of alcoholic patients. Thus,
it is widely accepted that gut-derived endotoxins
have a prominent role in the induction of liver
[74]
damage and aggravation of ALD . Indeed, bacterial
decontamination and LPS neutralization improves
[75]
ALD (reviewed by Szabo ). The influence of TLR
signaling in experimental and human ALD has been
[76]
analyzed and recently reviewed by Ceccarelli et al .
Although human clinical evidence of the role of TLR
in the liver’s inflammatory response in ALD is low, it
seems to be in agreement with the experimental data
[77]
reported in murine models. Stärkel et al
reported
that liver chronic activation of nuclear factor k-lightchain-enhancer of activated B cells (NFκB), increased
expression of TLR3 and TLR7 and elevated secretion
of pro-inflammatory cytokines are associated with
human end-stage ALD. Related to this, up-regulation
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of the MyD88-dependent TLR4/NFκB pathway in AH
and non-alcoholic steatohepatitis (NASH) in liver
biopsies, where Mallory-Denk bodies (MDBs) formed,
has been recently described via the NFκB-CXCR (C-X-C
chemokine receptor) 4/7, providing further insights
into the mechanism of MDB formation in human liver
[78]
diseases .
Chronic exposure to bacteria and their pathogen
associated molecular patterns (PAMP) activates the
inflammatory immune response and produces a
dysregulation of the homeostatic mechanisms that
control the innate and adaptive immune response,
leading to AH, cirrhosis and hepatocellular carcinoma.
Acute-on-chronic hepatic failure is characterized by
acute worsening of cirrhosis, disturbances in systemic
and hepatic hemodynamics, marked activation of the
sympathetic nervous system and multi-organ failure,
all of them associated with dysregulated inflammation.
Hence, inflammation drives the progression of ALD
from reversible to advanced stages. These alterations
predict high death rates in alcohol-related acute-on[79]
chronic liver failure patients . Among the intracellular
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mechanisms trying to counterbalance a dysregulated
inflammatory process have emerged autophagy, an
important regulatory mechanism of liver homeostasis
under physiological and pathological conditions. Thus,
there is increasing evidence that complex pathways
of autophagy are involved in liver fibrosis, with pro
fibrogenic activity based on its direct activation of
HSC, but also with antifibrogenic effects by its indirect
hepatoprotective and anti-inflammatory properties
[80]
[81]
(reviewed by Mallat et al and Ding ). Recently, upregulation of metacaspase1 and chaperones related to
protein quality control in liver biopsies from alcoholic
patients has been reported, indicating that autophagy
[82]
is active in human alcoholic steatohepatitis .
Nowadays, there is accumulating evidence of an
abnormal frequency and/or function of every single
component of the human immune system implicated
in advanced stages of ALD. In fact the majority of
studies on the systemic inflammatory status on human
cirrhosis have been performed in ALC-C.

Monocytes, macrophages and dendritic cells

There is increasing evidence of alcohol-induced
dysfunction of peripheral blood and resident myeloid
mononuclear cells. Thus, it has been described that high
circulating endotoxin levels induced by alcohol abuse
leads to activation of KC, which causes a hypoxia[83]
reoxygenation injury process . Also, the function of
macrophage Fc gamma receptors is altered in patients
with ALC-C, and this impairment likely contributes to the
[84]
high frequency of bacterial infections in such patients .
Dysregulation of the M1 (classical)/M2 (alternative)
macrophage polarized balance becomes apparent as
a central mechanism implicated in the pathogenesis
of chronic inflammatory diseases. This suggests
that strategies impairing M1 macrophage phenotype
and/or enhancing the M2 macrophage polarization
could protect against intensified inflammation and
in this way they could limit tissue injury. Relating
subpopulation of macrophages involved in AH, it has
been reported a complex interplay between different
types of macrophages M1, M2a, M2b, and M2c in
liver biopsies expressing a diverse array of molecules
[85]
and receptors , as well as a new M1/M2 balance
regulatory mechanism, that relies on the apoptotic
activity of M2 KCs towards their M1 counterparts.
These data suggest that inducing M1 KC apoptosis
mediated by M2 might be a pertinent strategy to
control alcohol-induced inflammation and hepatocyte
[86]
injury . Notably, it has been recently described
the regulatory activity of overexpressed miR-27a
on activation and polarization of monocytes induced
by alcohol. Alcohol binge drinking in healthy people
+
+
results in higher frequency of CD16 and CD68 and
+
+
M2-type (CD206 , DC-SIGN -expressing and IL-10+
secreting) CD14 blood monocytes. Overexpression
of miR-27a in monocytes increased the secretion of
IL-10 via activation of the ERK signaling pathway by
[87]
decreasing the expression of ERK inhibitor sprouty2 .
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Furthermore, it has been also described a defect of
TLR2 but not TLR4-mediated innate immune response
in monocytes from the blood of individuals with
[88]
compensated chronic ALD . Acute alcohol challenge
of monocytes strongly inhibited the NFκB (involved in
TLR signaling) activation through mediators of early
[89]
(LPS) or late (IL-1, TNF-α) stages of inflammation .

Neutrophils

Recruitment and activation of neutrophils constitutes
the first line of cell defense against microbial insults,
and is highly mediated by local secretion of IL-8
and IL-17, among others. Circulating neutrophils in
[90]
both, alcoholic with severe bacterial infections
and
patients with cirrhosis, are often very low, displaying
lower phagocytic activity/capacity, which predicts
the development of infection, organ dysfunction and
[91]
increased mortality . Defective neutrophil function in
ALC-C is caused by decreased generation of superoxide
anion and defects of degranulation. Neutrophils from
patients with cirrhosis and acute AH have decreased
phagocytosis in the early stages of bacterial challenge,
although their capacity for ingestion and killing of
bacteria is greater than neutrophils from individuals
[92]
with cirrhosis alone . Furthermore, a greater resting
burst, revealing neutrophil activation, and a lower
phagocytic capacity was associated with significant
[93]
higher risk of infection, organ failure, and mortality .
Neutrophil phagocytic dysfunction in stable cirrhosis
was related with increased expression of TLR2 and 4 in
inflamed peripheral tissues and excessive production
[94]
of inflammatory mediators . Related to this, it has
been shown that plasma from AH patients induced an
increment of the oxidative burst, while it decreased
the expression of CXCR1+2, and the phagocytic
capacity of neutrophils obtained from healthy donors,
concomitantly with a higher expression of TLR2, 4, and
9 and depletion of ATP. Moreover, the presence of the
endogenous endotoxin scavenger albumin, prevented
the detrimental effect of patients’ plasma on neutrophil
[95]
TLR expression, phagocytosis and resting burst ,
which attributes an important role to the presence of
circulating LPS and others bacterial products.

NK cells

Although alcohol per se produced an increase in the
[96]
number and cytotoxic capacity of NK-cells , their
lytic ability is depressed in the stage of alcoholic
cirrhosis, supporting the hypothesis that efficiency
of immunosurveillance may be depressed in these
[97,98]
patients
. On the other hand, alcohol promotes
collagen accumulation, which has been correlated
[99]
with inhibition of anti-fibrotic activity of NK cells .
Furthermore, NK-derived IFN-γ induces HSC cell cycle
[100]
arrest and apoptosis .

T and B cells

To date little is known about the mechanisms by
which adaptive immunity might contribute to hepatic
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inflammation in ALD. Indeed, activation of the adaptive
arm of the immune system may be the consequence of
an ongoing alcohol-activated innate immune response.
Furthermore, cell damage induced by toxic ethanol
metabolites and ROS may produce the breaking of the
[101]
self-tolerance toward liver components
. Regarding
the alcohol intake duration, the most relevant findings
in peripheral blood were a significant activation of
the T-cell population, and specifically of the TCRαβ+
subpopulation, with a higher expression of both
HLA-DR and CD11c markers, as well as a significant
+
increment of both, NK cells (CD3 /CD56 ) and cyto
+
toxic T cells CD56 . In addition, a decrease in the total
+
+
number of B cells and their CD5 /CD19 subset was
[96]
found .
Patients with ALD had decreased number of lympho
cytes, but only individuals with advanced fibrosis had a
+
+
[102]
significant increase in the CD4 /CD8 ratio . Alcoholic
+
patients also display CD57 T cells expansion, which
express significantly higher amounts of cytoplasmic
TNF-α and IFN-γ after 6 h of TCR-stimulation than the
[103]
CD57 counterparts . Defective in vitro proliferative
activity of PBMC and impaired or normal production
of IL-2, together with an increment of lymphoid cells
bearing T activation markers and rIL-2 responsiveness
[104,105]
was early reported from ALC-C patients
.
It has been recently described that ALD patients
lymphocytes express high levels of the immune in
hibitory receptors, PD1 and Tim-3 and their respective
ligands, CD274 and Gal-9, which modulate the balance
between protective immunity and host immunemediated damage. These lymphoid cells produce lower
levels of IFN-γ and higher IL-10 by chronic endotoxin
exposure. Furthermore, these effects can be reversed
by blocking PD1 and Tim-3, increasing the antimicrobial
[106]
activity of T cells and neutrophils .
It has been described a sharp reduction in the
+
frequency and absolute number of alcoholics’ CD5 B
lymphocytes as well as a decrease in the percentage
high
of CD5 CD45RA
B cells, leaving many patients
+
with a B cell population that was mostly CD19 CD5
low
CD45RA . This subpopulation is phenotypically
analogous to the described IgM-producing CD5
low
CD45RA subset, reported by others, and may be
[107]
enriched for autoantibody-producing cells .
Patients with ALD have antibodies against alcohol
dehydrogenase (ADH), as well as ADH-specific T-cell
responses, which have been associated with alcohol
intake in ALC-C patients. Anti-ADH titers are also
associated with disease severity and active alcohol
consumption. ADH peptides promoted the secretion
of IFN-γ, IL-4, and IL-17 from PBMCs of patients with
ALC-C. IL-4 secretion was lower in active drinking vs
abstinence, while IL-17 production was higher. The
intensity of the predominant Th1 responses correlated
[108]
with disease severity .
A prospective study reported an association between
the presence of antibodies against alcohol-modified
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hepatocytes and an augmented risk of developing
[109]
ALC-C
. Furthermore, alcohol abusers with lipidperoxidation derived antibodies have a five-fold higher
presence of increased levels of TNF-α in plasma than
heavy drinkers with these antibodies within the normal
[110]
range . Furthermore, the association of high TNF-α
and lipid-peroxidation-induced antibodies raises by
11-fold the risk of progressing toward advanced ALD.
Of note, the combination of steatosis and elevated titers
of antibodies against lipid peroxidation-derived products
is an independent predictor of severe fibrosis/cirrhosis
[111]
in alcohol-drinking people with chronic hepatitis C .
B cells from ALC-C patients produced spontaneously
more IgA than healthy controls. Moreover, the
production of IgA by oligodeoxynucleotides with CpG
motifs-activated B lymphocytes was significantly
increased compared to controls. These results strongly
suggest that TLR priming of B cells could account in
part, for the hyperimmunoglobulinemia detected in
[112]
ALC-C patients , although it is also established that
hyperimmunoglobulinemia in chronic hepatic diseases
is mostly caused by the collateral circulation secondary
to portal hypertension, antigens and endotoxins from
gut that bypass the liver and contact with the antibody[113]
producing cells .

Cytokines

Alcohol intake activates the innate immune system
and induces several pro-inflammatory cytokines such
as IL-1β and TNF-a, inducing hepatocellular damage.
Although it is well established that mediators of the
inflammatory process participate in ALD pathogenesis,
the exact contribution of inflammasomes in ALD is
[100]
still unclear . In this respect, blocking IL-1β activity
with recombinant IL-1RA (anakinra) ameliorated
alcohol-induced hepatic inflammation and damage.
IL-1β gene polymorphisms have been correlated with
[114]
AH
. Furthermore, high expression of IL-18 has
[115]
been associated with advanced ALD . Besides PAMP,
inflammation is also elicited by damage associated
molecular patterns (DAMP). It has been recently
described that endogenous signals of metabolic
danger, such as uric acid and ATP, are implicated in
inflammatory cross-talk between hepatocytes and
immune cells and have a prominent participation in
[116]
alcohol-induced liver inflammation
. Activation of
inflammasomes in liver biopsies from AH patients has
been associated with MDBs formation, suggesting that
MDB could be indicative of the extent of inflammasome
[117]
activation
. More studies are needed to elucidate
the exact alcohol-responsive cells in vivo and to clarify
the role of inflammasome components associated with
ALD.
Human ALD is also associated with the activation of
the IL-17 pathway. In AH, liver infiltration with IL-17secreting cells is a crucial feature that might contribute
to liver neutrophil recruitment and it correlates to
MELD score in ALD. PBMC of ALD patients produce
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+

higher levels of IL-17, and their CD4 T cells are highly
Th17. The IL-17 receptor is expressed by HSCs, which
recruited neutrophils after IL-17 stimulation in a dosedependent manner through IL-8 and Gro-α secretion
[118]
in vitro
. Activation of the innate immune system
results in elevation of hepatoprotective mediators such
[119]
as IL-6
, and anti-inflammatory cytokines, such as
IL-10, which play a relevant role in meliorating alcoholic
[120]
liver damage and inflammation
. However, chronic
alcohol intake moderates the signaling pathways
triggered by those cytokines, thereby decreasing their
anti-inflammatory and hepatoprotective activities,
[121,122]
and contributing to progression of ALD
. Thus,
while compensated ALC-C is characterized by serum
increases of IL-6 and decreases of IL-10, patients
with decompensated ALC-C, besides increased IL-6,
have also increased concentrations of TNF-α and IL-8.
In turn, TGF-β1 and IL-10 levels were alike to those
found in healthy controls. Hence, significant alteration
of the balance between pro-inflammatory and antiinflammatory mediators is characteristic of compensated
[123]
and especially of decompensated ALC-C . Recently,
fibroblast growth factor-inducible 14, a molecule
included in the TNF receptor superfamily, was described
to be over-expressed in the liver, especially by hepatic
progenitors, in patients with AH and it correlated with
[124]
aggravated stages .
Serum IL-12 levels, an important cytokine driving
Th1 cell-mediated responses, were higher in AH,
ALC-C and alcoholic steatosis patients than in a control
group. IL-12 presented good sensitivity and specificity
[125]
in the diagnosis of ALD .
Increased serum levels of activin-A (a component
of the TGF superfamily, involved in hepatic fibrosis,
regeneration and stem cell differentiation) only in
patients with ALC-C or hepatocellular carcinoma
suggest its potential role in the pathophysiology of
[126]
ALD .
Up-regulation of the pro- and anti-inflammatory
cytokine system and simultaneous desensitization of
effector cells in patients with ALC-C, could explain the
attenuated systemic inflammatory response to chronic
endotoxemia. This dysregulation of the immune
state may produce the failure of the host defenses
against infections, which are frequent complications of
[127]
ALC-C .

Complement

A recent work has suggested that alcohol drinking
increases the activity of the complement system in
the liver, contributing to the inflammation-associated
[128]
pathogenesis of AH .

Chemokines

The main neutrophil’s chemoattractant, IL-8 is acti
vated in ALD, especially in AH, and it correlated with
liver damage. The levels of IL-8 can reflect the stage
and severity of ALD, and may predict the survival
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[129,130]

of patients with AH
. Liver samples from AH
show up-regulated expression of the CXC subfamily
members IL-8, Gro-α, CXCL5, CXCL6, CXCL10,
and platelet factor 4 and correlate with neutrophils
infiltration. The expression of CC chemokine CCL2
(C-C ligand-2), but not CCL5, is also increased. Higher
expression of IL-8, CXCL5, Gro-γ, and CXCL6 levels are
[131]
related with worse prognosis
. On the other hand,
CXCL5 levels are lower in the plasma of people with
chronic liver disease, which suggests that CXCL5 might
[132,133]
be implicated in its pathogenesis
. The CXCL9
(ligand of CXCR3) has also effects on the liver, in fact it
is released by the liver and might contribute to hepatic
and extrahepatic organ malfunction. High levels of
CXCL9 are associated with higher mortality in cirrhotic
patients with severe portal hypertension receiving
[134]
transjugular intrahepatic portosystemic shunt
. A
recent study has described that elevated serum levels
of CXCL1, mostly expressed by mononuclear cells
activated by LPS, together with a polymorphism in the
gene encoding for this molecule are risk factors for
[135]
ALC-C .
CCL20 is a strong chemotactic factor for lym
phocytes that binds to the chemokine receptor CCR6.
Hepatic and serum levels of CCL20 are elevated
in people with AH and correlated with the grade of
fibrosis, endotoxemia, portal hypertension, disease
[136]
severity scores and short term mortality .

MiRNA

Several members of the miRNAs family are affected
by the presence of alcohol, producing an abnormal
miRNA profile in the liver and peripheral blood in ALD.
The functions and advances on the effect of circulating
miRNAs in human alcoholic diseases, mainly focusing
on inflammation and cell survival after ethanol/LPS
[137]
treatment, have been reviewed by McDaniel et al ,
[75]
[138]
Szabo and Gao and Bataller .

Other molecules

Systemic blood, portal and hepatic levels of Gal-3
are increased in patients with ALC-C and it has been
described to be negatively associated with liver
[139]
function .
A role for osteopontin in AH has been described.
Hepatic expression and serum levels of osteopontin are
highly elevated in AH compared to normal livers and
other classes of chronic liver diseases, and correlated
[140]
with short-term survival .

STUDIES COMPARING HCV- VS
ALCOHOL-INDUCED CIRRHOSIS
A comprehensive transcriptional study using oligo
nucleotide microarrays on hepatic biopsies from
cirrhotic patients evidenced that there are genes
differentially expressed between ALC-C and HCV-C.
Various of the gene expression changes detected in
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the HCV-induced cirrhotic livers were associated with
the activation of the innate antiviral immune response,
while differences between chronic liver injury due
to HCV or ethanol seem to be more associated with
the regulation of lipid metabolism and deposition of
extracellular matrix components concomitantly with
[1,3,4,9,141]
others related with macrophage activation
.
When severity, measured by CTP classification, of
cirrhosis from each etiology was compared, a different
gene expression pattern was identified in clinical stages
[9]
of ALC-C , but not in HCV-induced disease. Thus,
CTP class A ALC-C livers displayed unique expression
patterns for genes involved in the inflammatory
response, including those acting on macrophage
activation and migration, as well as oxidative stress
and lipid metabolism. This is in agreement with the
above mentioned studies demonstrating that the
exposition to alcohol activates the innate immune
response and induces several pro-inflammatory,
[142]
hepatoprotective and anti-inflammatory cytokines .
However, chronic alcohol intake diminishes the
intracellular signaling cascades induced by several
cytokines, decreasing their anti-inflammatory and
hepatoprotective actions, and then, contributing to the
[122]
development of ALD .
Transcriptome studies of human liver samples
has revealed that the expression of several TNF
superfamily receptors is up-regulated in the liver of
patients with AH compared with healthy individuals
or patients with other hepatic diseases. Among
them, Fn14, was the only TNF superfamily molecule
exclusively up-regulated in AH compared with other
hepatic diseases and correlated with both short-term
[124]
mortality and portal hypertension severity .
Advanced oxidation protein products (AOPP) are
oxidative stress markers with a pro-inflammatory
activity that accumulate in hepatic cirrhosis. AOPP level
positively correlated with the Child-Pugh score in ALC-C
but not in HCV-C, and the correlation with the markers
of chronic inflammation, more specifically TNF-α, was
stronger in ALC-C. This suggested that oxidative stress
may be a mediator of chronic inflammatory status
at the initial stage of ALC-C. In turn, AOPP in HCV-C
was less related with the inflammation, although a
significant correlation with antioxidant defenses could
[143]
be detected .
The size of the spleen, recorded by sonography and
computed tomography, also varies by the etiology of
the cirrhosis, being in the alcohol group significantly
[144]
smaller than in the hepatitis C and NASH groups .

DEVELOPMENT OF ASCITES INDUCED
BY LIVER CIRRHOSIS
Ascites is the most common complication of liver
cirrhosis. Thus, 60% of patients with compensated
cirrhosis develop ascites within 10 years during the
[145]
course of their disease . As liver fibrosis progresses
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the presence of regenerative nodules and bioactive
molecules increases, driving to portal hypertension.
Ascites only appears when portal hypertension and,
specifically sinusoidal hypertension, has developed
producing arterial splanchnic vasodilatation. This causes
an increment of capillary pressure and permeability,
and a decreased effective volume of arterial blood.
The increase of plasma volume and cardiac output are
adaptable mechanisms for this reduction. Activation
of both the sympathetic nervous system and reninangiotensin-aldosterone system induce a compensatory
retention of sodium and water, thereby leading to the
[146]
accumulation of ascites
. The ascites is classified
on the basis of quantitative criterion and determines
the clinical treatment: grade 1 corresponds to mild,
only detectable by ultrasound and is not treated,
grade 2 corresponds to moderate ascites, evident
by slight symmetrical abdominal distension, which is
treated by reduction of sodium intake and diuretics,
and grade 3 is a large ascites volume with manifest
abdominal distension, which is treated by large-volume
paracentesis, followed by limitation of sodium intake
and diuretics (Figure 1). The presence of ascites in
cirrhotic patients usually goes parallel with worsening
of the clinical state and predicts a poor prognosis, thus
many patients are referred for liver transplantation
[147]
after development of ascites
. Bacterial infections
are frequent complications appearing in patients with
cirrhosis and ascites, being spontaneous bacterial
peritonitis (SBP) the most habitual and clinically
[148]
relevant .

BACTERIAL TRANSLOCATION IN LIVER
CIRRHOSIS
Commensal microbiota has defined lines of com
munication in peaceful coexistence with the host,
without induction of pro-inflammatory responses
in healthy conditions. Bacterial translocation (BT)
defined as displacement of bacteria and/or bacterial
components from the gut to the mesenteric lymph
nodes (MLNs) (Figure 2) is a crucial physiological
process for the host´s immunity training. In contrast,
throughout the course of liver cirrhosis there is a
[149]
‘‘pathological increase of BT’’
due to changes and
[150]
overgrowth of intestinal microbiota
, an increase
of intestinal permeability and the dysregulation of
the gut associated lymphoid tissue (GALT) immune
[151]
response (revised by Wiest et al
). Thus, bacterial
products and/or alive bacteria of intestinal origin come
[152]
across the intestinal wall
, reaching the MLN and
ascitic fluid from where they can be carried by the
lymph toward the blood circulatory system, and finally
disseminated toward other organs. The dysregulation
and deterioration of the immune system mechanisms
[10,151]
paralleled the disease progression
.
Significant increases of LPS and LBP have been
[153]
detected in cirrhotic patients . Bacterial DNA may be
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also present by BT in ascites of as many as one-third
of cirrhotic patients with non-neutrocytic and culture[154]
negative ascitic fluid
and it could be also detected in
[155]
peripheral blood . On the other hand, and in contrast
to that reported in hospitalized patients (30%-40%),
bacterial DNA is rarely detected in serum and ascitic
fluid of cirrhotic outpatients with non-neutrocytic
[156]
ascites
. Bacterial peptides (glyceraldehyde-3phosphate dehydrogenase A, Porin OmpC and HSP60)
have been also detected in ascitic fluid from a group of
patients with advanced cirrhosis and culture-negative
[157]
ascites .

ABDOMINAL INFLAMMATION IN THE
ABSENCE OF INCREASED PERMEATION
OF VIABLE BACTERIA
In stages of cirrhosis without increased permeation of
viable bacteria, the systemic inflammation developed
in response to the HCV infection or alcohol abuse
described above, induces small but continuous
increases in translocation of bacterial products, which
trigger an increased pro-inflammatory cytokine
response and release of ROS within the GALT in order
to improve the anti-bacterial defenses.
The intestinal inflammation in cirrhotic patients could
be suggested by the elevated fecal polymorphonuclear
[158]
leukocytes elastase concentrations
. Patients with
advanced hepatic cirrhosis, and particularly those with
ascites, had augmented local production of TNF-α in
MLNs, whereas the levels of IL-6 were not different
between cirrhotic and controls. This could be attributed
to BT and might contribute to systemic alterations of
[159]
cirrhosis .
The translocation of bacterial DNA triggers an
increased pro-inflammatory cytokine response with
high levels of TNF-α, IL-2, IL-6, IL-12, increased
expression of the complement system proteins
[160-162]
C3b, membrane attack complex and C5a
, and
release of ROS and nitric oxide (NO) through the
[155]
inducible form of NO synthase
. The translocation
of LPS induces the production of TGF-β, IL-6, IL-1β
[163]
and hyaluronan by peritoneal cells in ascites
. The
presence of bacterial peptides in ascitic fluid of patients
with advanced cirrhosis and culture-negative ascites, is
associated with elevated levels of C3b and membrane
attack complex proteins and a marked inflammatory
[157]
response with higher levels of TNF-α and IFN-γ .
The peritoneal macrophages from individuals with
decompensated cirrhosis and culture-negative ascites,
[158,164,165]
present a predominant activated state
.
These cells show a pre-activated immune status at
baseline, with high CD54, CD86 and HLA-DR surface
marker expression levels, increased phosphorylated
levels of ERK1/2, PKB and c-Jun intracellular signaling
molecules, and enhanced secretion of IL-6. This
fact probably reveals that consecutive episodes of
BT boost a sustained immune response in these
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patients, even in the momentary absence of bacterial
products. This primed status would favor an IL6-controlled rapid response against repeated BT
[164]
episodes . In vitro studies performed with peritoneal
macrophages obtained from ascites of cirrhotic
patients, have demonstrated that secretion of proinflammatory cytokines IL-1β, TNF-α and IL-6 from
this clinical situation strongly depends on the MAPK
signaling pathways, while the PI3K-Akt (also known
as Protein kinase B) route plays a relevant role in
the regulation of the anti-inflammatory function
[166,167]
mediated by IL-10
. The inhibitors of mitogenactivated protein kinase kinase (MEK1) and c-Jun
N-terminal kinases (JNK) reduced the secretion of IL1β, IL-6 and TNF-α and could serve as therapeutic
agents for pharmaceutical intervention to decrease
hepatic damage, reducing the inflammatory response
associated to liver failure. On the contrary, PI3K-Akt
inhibitors suppressed the production of IL-10, and
increased the release of IL-1β, mostly by enhancing
the release of intracellular IL-1β and caspase-1 toward
the extracellular medium. Therefore, the inhibitors of
PI3K-Akt are discarded as potential therapeutic agents
in hepatic fibrosis, as these drugs would promote
the inflammatory response. Macrophages from noninfected ascitic fluids showed constitutive activation
of caspase-1 and a notable increase in the expression
of IL-18, IL-1β, and AIM2 compared to blood macro
phages. The activation of the inflammasome in vitro
did not require a priming signal, supporting the pre[167,168]
activated state of these cells
.
As described above, hepatic cirrhosis patients
present an altered B lymphocyte function and increased
systemic immunoglobulin levels. However, in spite that
[113]
[150]
the serum
and salivary
levels of secretory IgA
(sIgA) are elevated in these patients, the concentrations
of fecal sIgA as well as the secretion of mucosal sIgA
[150,158]
into the jejunum are decreased
.
Exosomes are small membrane vesicles released
from many cell types which contain functional proteins,
mRNAs and miRNAs. Exosomes can be engulfed by
other cells modulating their functions and playing an
[169]
important role in the control of immune responses .
Exosomes purified from ascites of hepatic cirrhosis
patients, have proved to induce the production of IL1β, IL-6 and TNF-α through NFκB/STAT3 activation
in a TLR-dependent way, after internalization by
[170]
monocytic cells in vitro
. Furthermore, increased
levels of free miR-212 have been detected in the gut
after alcohol consumption, resulting in the inhibition of
the expression of the tight junction (TJ) protein ZO-1,
[171]
increasing the gut permeability .
The fibrinolytic activity of plasma from patients with
decompensated cirrhosis and ascites is higher than
that of patients without ascites. In turn, the ascites
from such patients has even higher fibrinolytic activity
than their plasma, as suggested by: the lower levels
of plasminogen and fibrinogen, the elevated fragment
D-dimer and fibrin split levels, and the short euglobulin
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lysis time (fibrinolytic activity) found in the ascitic fluid.
Since ascites fluid re-enters the systemic circulation via
the thoracic duct or/and via a natural peritoneovenous
shunt, ascites can be considered as a pathological fluid
that contributes to the systemic fibrinolytic state found
[172]
in most patients with ascites .
The peritoneal immune response differs from
the systemic one in non-infected cirrhotic patients
with ascites, and could potentially determine the
likelihood for future adverse events. Hence, subjects
with advanced liver cirrhosis and ascites showed
significantly greater levels of IL-2, IL-4, IL-6, IL-8, IL-10,
monocyte chemotactic protein (MCP)-1, TNF-α, vascular
endothelial growth factor (VEGF) and epidermal growth
factor (EGF) in the ascitic fluid compared to serum,
while the levels of IL-1α, IL-β and IFN-γ were not
[173]
statistically different .
The local inflammation caused by BT in this cir
rhotic stage further loosens intestinal TJ-function
[174]
augmenting intestinal permeability
and perpetuating
BT. Alterations in TJ-proteins have been demonstrated
in duodenal biopsies with diminished expression of
occludin and claudin-1 that progressively increase from
[175,176]
crypt to tip of the villi
. Therefore, under cirrhotic
situations, loosening of TJs may allow an increased
accessibility of viable bacteria and bacterial components
to areas of free passage. As cirrhosis advances, the
gut evolved into a major source of activated immune
cells and pro-inflammatory cytokines, inducing and
[10]
maintaining a systemic inflammatory status .

ABDOMINAL INFLAMMATION IN THE
PRESENCE OF INCREASED PERMEATION
OF VIABLE BACTERIA
Progressively, in advanced decompensated cirrhosis a
combination of severe impaired functional capacity of
the liver, a sustained failure of both the mononuclear
phagocytic system and the protein synthesis involved
in the immune response is established. Furthermore,
the increased intestinal permeability that allows the
epithelial crossing of viable bacteria from gut, and the
consequent deterioration of the systemic inflammatory
status, determine the difficulty of the immune
system to solve this situation. Then, it switches into
a immunodeficient state, which characterizes severe
decompensated cirrhosis with extra-hepatic organ
[10]
failure stages .
Prostaglandin E2 (PGE2), likely produced by
circulating monocytes, KC and resident macrophages,
has been recently identified as a major contributor
to the immunosuppressive status in acutely decom
pensated cirrhosis. In addition, the decrease of
albumin (that reduces the bioavailability of PGE2)
levels present in these patients seems to be associated
[177]
with the increased free PGE2 levels .
Ascites from cirrhotic patients presents a reduced
opsonic activity as a consequence of reduced con
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[178,179]

centrations of C3 and C4
. The concentration of
C3 is the main factor to confer local defense against
infection of ascitic fluid. Hepatic production of C3 and
its concentration in ascites are significantly decreased
in patients with advanced cirrhosis, and also in those
who develop SBP respect to cirrhotic patients without
[180]
infection
. On the basis of these findings, defects
of opsonophagocytic activity seem to contribute in
the increased susceptibility to infection in cirrhotic
[181]
patients .
Neutrophil chemotaxis and phagocytosis were
decreased in cirrhotic patients with previous episodes of
bacterial infection compared with non-infected subjects.
The expression of complement receptor 3 (CR3) in
neutrophils from peripheral blood was significantly
increased in cirrhotic patients, whereas it was sig
nificantly reduced in elicited neutrophils of cirrhotic
[182]
patients with previous bacterial infection
. Lower
respiratory burst in response to Escherichia coli was
[183]
detected during infection in hepatic cirrhosis . These
data suggest that impaired neutrophils recruitment to
the infection site caused by BT and defective phagocytic
activity may contribute to bacterial infections in cirrhotic
patients with advanced liver disease.
The ascitic NO concentrations registered at diag
nosis of an infectious episode are associated with the
[184,185]
frequency of clinical complications and death
.
[186]
Increased systemic TNF-α
and ascitic Macrophage
[187]
inflammatory protein (MIP)-1β
levels at admission
have been found in cirrhotic patients who subsequently
developed SBP compared with those of uninfected
patients, and also a more severe immune response is
detected in cirrhotic patients with SBP compared with
[188]
non-cirrhotic patients with sepsis .
Infected ascitic fluid of decompensated cirrhotic
patients displays a decrease of both the CD4/CD8 ratio
(due to reduction in CD4 and maintenance of CD8) and
T cell receptor (TCR) γδ expression, while the levels
of TNF-α were increased compared with non-infected
ascites. In turn, ascitic levels of IL-8, IL-10, IL-12 and
TNF-α were higher in infected patients defined by
[189]
ascitic positive bacterial culture
. Intracytoplasmic
levels of IL-4, the major defining Th2 cytokine, were
no different between infected and non-infected groups.
These data suggested the predominant cytotoxic
response, especially Th1, in cases of decompensated
liver cirrhosis with ascitic infections, and the pos
sible role of TNF-α in the pathogenesis of ascites
[189]
infections . Furthermore, levels of soluble receptors
of TNF (sTNFR) in the ascitic fluid were found to be
elevated in patients with SBP. The levels of TNF-α, IL-6,
IL-1β, C-reactive protein, and the anti-inflammatory
molecules, soluble IL-1 receptor antagonist (sIL1Ra), sTNFR55 were elevated in patients with SBP
[190,191]
compared to cirrhotic controls
. SBP was also
associated with significantly higher chemokines (IL-8,
Gro-α and MCP-1) soluble adhesion molecule ICAM-1,
which could be implicated in the peritoneal infiltrate in
[192]
patients with SBP .
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As prognosis markers of bacterial infections
and more concretely of the Syndrome of systemic
inflammatory response in cirrhosis, besides the
clinical indexes MELD and Child-Pugh, the presence of
[193]
bacterial DNA
, LPS binding protein and C reactive
[194]
[195]
protein
, IL-22
, HLA-DR’s expression and
[164,196]
IL-10
, among others have been proposed.

DIFFERENCES BETWEEN THE
PERITONEAL INFLAMMATORY STATUS
IN CIRRHOTIC ASCITES INDUCED BY
ALCOHOL AND HCV INFECTION
[189]

Kiyici et al , also segregated cirrhotic patients by the
viral or non-viral cirrhotic etiology, showing that the
levels of TNF-α were higher in the infected group than
in non-infected only in viral etiology; IL-8 was higher
in the infected group than in non-infected only in nonviral cirrhosis; and no differences were detected on
IL-12 and IL-10 cytokine levels between infected or
non-infected group respect to the etiology. Related to
this, our group has reported that cirrhosis promoted
by HCV is associated with a prevalent immune
inhibitory status in both ascites and isolated peritoneal
M-DM, contrasting with the cirrhosis induced by
[197]
alcohol
. Ascites associated with HCV-C contains a
significant higher number of leukocytes (T lymphocyte,
polymorphonuclear and monocyte cell subpopulations)
than ALC-C. These findings did not agree with the
cellular distributions recorded in the peripheral blood.
This indicates that the absolute cell number and
population distribution of peritoneal leukocytes in
ascites from cirrhotic patients vary with the underlying
cause and do not match the situation in peripheral
blood. Moreover, the findings also reveal that leukocyte
migration towards the peritoneal cavity is not a
passive process induced by hemodynamic alterations
associated to cirrhosis, like portal hypertension, but is
more the consequence of an active chemoattractantinduced process, recruiting leukocytes not only
from the blood, but also probably, from impaired
lymphatic drainage. Hence, a specific differential
profile of chemoattractant stimuli must be implicated
in the recruitment of each particular cell population,
[197]
depending on the cirrhotic etiology. These results
also revealed that ascites from HCV-C patients displays
a significant lower concentration of IL-12 and a higher
level of IL-10 than the corresponding from the ALC-C
group, indicating a predominant Th2/Treg pattern in
the pathogenesis of advanced HCV-C. However, when
cytokine levels of ascitic fluid were compared with the
number of macrophages contained there, or secreted
in vitro by isolated peritoneal macrophages, besides
discrepancies in IL-12, the concentration of IL-6 and
TNF-α were also different between both groups of
cirrhotic patients. Moreover, this fact was related with
a lower baseline ERK1/2 phosphorylation in HCV-C
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than that detected in the ALC-C group. Peritoneal
macrophages are “differently primed” by the in vivo
pathophysiological environment and maintain their
inflammatory differentiation pattern for at least 24 h,
being more pro-inflammatory under ALC-C condition.
This “alert state” could be useful for preventing the
development of SBP in recurrent events of intestinal BT
in ALC-C patients. Peritoneal macrophages showed a
predominant immune inhibited status in the last-stages
[60]
of HCV-induced liver damage compared with ALC-C ,
which may be produced to avoid immune-mediated
decompensation. The drop of significant differences
in the IL-10 levels with respect to the number of
peritoneal macrophages, clearly suggests that other
cell populations are contributing to the total amount
of this anti-inflammatory cytokine in ascites of the
HCV-C group, essentially Treg cells. However, this does
not imply that these cells in HCV-C are functionally
[198]
exhausted or endotoxin-tolerant as described , since
they are able to be further activated by several PAMP
agonists. In fact, the relative increase of IL-6 secretion
and ERK1/2 phosphorylation after stimulation with
LPS was significantly higher in HCV-C than in ALC-C
patients. Similar results were observed for IL-6
secretion induced by oligodeoxynucleotides (ODN)
and Candida albicans, and IL-10 induced by ODN
from HCV-C patients. These findings also indicate the
differential expression and/or susceptibility to agonists
of PRRs in the macrophages contained in ascites from
both groups of cirrhotic patients.
The smaller inflammatory profile of ascites from
HCV-C patients compared with those with alcoholic
etiology could also be the consequence of the hypo
thetically lower frequency of intestinal BT in HCV-C
patients.

CONCLUSION
This review focuses on new findings about the in
flammatory status involved in the development of
human hepatic cirrhosis induced by the two major
causes, infection with hepatitis C virus or chronic alcohol
abuse, avoiding results obtained from animal models.
Described differences between the inflammatory
status of cirrhosis caused by these etiologies highlight
the interest to perform new studies that allow to
obtain further insights into the cellular and molecular
mechanisms implicated in this disease. Advances
in this field will contribute to a better development
of individually tailored preventive and therapeutic
procedures.
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Abstract
Progressive fibrosis is encountered in almost all chronic
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liver diseases. Its clinical signs are diagnostic in
advanced cirrhosis, but compensated liver cirrhosis is
harder to diagnose. Liver biopsy is still considered the
reference method for staging the severity of fibrosis,
but due to its drawbacks (inter and intra-observer
variability, sampling errors, unequal distribution of
fibrosis in the liver, and risk of complications and
even death), non-invasive methods were developed
to assess fibrosis (serologic and elastographic).
Elastographic methods can be ultrasound-based or
magnetic resonance imaging-based. All ultrasoundbased elastographic methods are valuable for the early
diagnosis of cirrhosis, especially transient elastography
(TE) and acoustic radiation force impulse (ARFI)
elastography, which have similar sensitivities and
specificities, although ARFI has better feasibility. TE is a
promising method for predicting portal hypertension in
cirrhotic patients, but it cannot replace upper digestive
endoscopy. The diagnostic accuracy of using ARFI
in the liver to predict portal hypertension in cirrhotic
patients is debatable, with controversial results in
published studies. The accuracy of ARFI elastography
may be significantly increased if spleen stiffness is
assessed, either alone or in combination with liver
stiffness and other parameters. Two-dimensional shearwave elastography, the ElastPQ technique and strain
elastography all need to be evaluated as predictors of
portal hypertension.

Core tip: Ultrasound-based elastographic methods
are being used more and more for the non-invasive
assessment of liver fibrosis, with very good accuracy
in diagnosing cirrhosis. Transient elastography is a
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promising method for predicting portal hypertension
in cirrhotics, but it cannot replace upper digestive
endoscopy. The diagnostic accuracy of employing
acoustic radiation force impulse elastography in the
liver to predict portal hypertension is debatable. It
may be significantly increased if spleen stiffness is
assessed, whether alone or in combination with liver
stiffness and other parameters. Two-dimensional shearwave elastography, the ElastPQ technique and strain
elastography all need to be evaluated as predictors of
portal hypertension.
Şirli R, Sporea I, Popescu A, Dănilă M. Ultrasound-based
elastography for the diagnosis of portal hypertension in
cirrhotics. World J Gastroenterol 2015; 21(41): 11542-11551
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i41/11542.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i41.11542

INTRODUCTION
Almost all chronic liver diseases can evolve to liver
cirrhosis, which is characterized by profound changes
in liver structure that are caused by pseudo-nodule
formation as a consequence of necrosis and fibrosis.
The main causes of chronic liver disease are infections
with hepatitis B and C viruses (HBV and HCV), but
a rising incidence of alcoholic and non-alcoholic
steatohepatitis (ASH and NASH, respectively) has been
[1]
observed in developed countries . Published data from
the World Health Organization (WHO), state that 160
million individuals are infected with HCV, representing
2.35% of the population, with the highest prevalence
in Egypt (20%) and the lowest prevalence in northern
[2]
European countries (< 0.5%) . It is estimated that up
to 30% of HCV patients will develop cirrhosis at least
[3]
10 years after diagnosis . The prevalence of HBV is
even higher, with more than 240 million chronically
infected patients; the highest prevalence is reported in
sub-Saharan Africa and South-East Asia (5%-10% in
adults) and the lowest is reported in Western Europe
[4]
and North America (< 1%) . It is estimated that
650000 deaths occur each year as a consequence
of liver cirrhosis and hepatocellular carcinoma (HCC)
[4]
secondary to chronic hepatitis B infection . Alcoholic
cirrhosis is also a major cause of disease burden and
death. In 2010, 493300 deaths were attributable to
alcoholic cirrhosis worldwide (7.2 per 100000 people;
[5]
47.9% of all liver cirrhosis deaths) . In Europe, also
in 2010, 43500 deaths were caused by alcoholic
[5]
cirrhosis . More than 5500 liver transplants are
performed in Europe each year, 59% of them for liver
cirrhosis; of these, 33% come from a purely alcoholic
etiology, and 5% come from a mixed alcoholic and
[6]
viral etiology .
It is easy to diagnose decompensated liver cirrhosis
in which clinical, biologic and ultrasound signs are
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evident. However, the most important aspect of
prognosis is the differentiation between compensated
cirrhosis and chronic hepatitis. Until a few years ago,
liver biopsy (LB) was considered to be the reference
[7]
method for staging chronic hepatitis . However,
because it has some drawbacks, including sampling
[8-10]
variability and intra- and interobserver variability
,
and most importantly because it is an invasive
method, noninvasive tests were developed to stage
chronic hepatitis, ergo, to diagnose cirrhosis. These
noninvasive tests are either serologic, including the
[11]
FibroTest and ActiTest , or elastographic.
Elastographic methods evaluate a property that is
intrinsic in every tissue: elasticity, which is the capacity
of a tissue to deform and then return to its initial
shape when an extrinsic force is applied. Regarding
the liver, more fibrosis means that the tissue is less
elastic (stiffer). Liver stiffness (elasticity) can be
[12,13]
evaluated by magnetic resonance elastography
[14,15]
or by ultrasound-based elastographic methods
.
According to the guidelines and recommendations
published by the European Federation of Societies
of Ultrasound in Medicine and Biology (EFSUMB)
regarding the clinical use of ultrasound elastography,
ultrasound-based elastographic methods can be
classified as the following: (1) strain elastography
(quasi-static, qualitative elastography), which includes
real time-elastography (RT-E); and (2) shear-wave
elastography (SWE) (quantitative elastography), which
includes a: transient elastography (TE); b: Point SWE
[acoustic radiation force impulse elastography (ARFI)
and the ElastPQ technique]; and c: real-time SWE
[including two-dimensional SWE (2D-SWE) and three[14,16,17]
dimensional SWE (3D-SWE)]
.
It is a known fact that patients with advanced
cirrhosis have shorter survival rates due to severe
complications such as: portal hypertension (develop
ment of esophageal varices - EV), HCC, and hepatorenal syndrome. Thus, it would be advantageous
to identify the patients who are at risk for these
complications and to screen them: for EV by upper
endoscopy and for HCC by ultrasound.
Portal hypertension is one of the most feared
complications of cirrhosis. It can lead to the deve
lopment of esophageal and gastric varices (EV and
GV, respectively) and upper digestive bleeding due to
variceal rupture. The best method to assess bleeding
risk is measurement of hepatic venous pressure
gradient (HVPG), available only in specialized centers,
and an invasive procedure. In clinical practice, the
size of EV is used to assess bleeding risk. According
to Baveno V and AASLD Consensuses, primary
prevention of variceal bleeding should be applied to
[18,19]
patients with large (grade 2 or 3) EV
. To diagnose
clinically significant EV (large-grade 2 or 3 EV), a
screening program inclusive of periodic upper digestive
endoscopy should be implemented. However, repeated
endoscopies are often poorly accepted by patients and
are also expensive. Thus, it would be very useful to
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Table 1 Predictive value of transient elastography in the liver for clinically significant portal hypertension
Study

HPVG ≥ 10 mmHg
Cut-off (kPa)
[30]

Vizzutti et al , Hepatology 2007
Bureau et al[31], Aliment Pharmacol Ther 2008
Reiberger et al[34], Wien Klin Wochenschr 2012
Salzl et al[35], Ultraschall Med 2014
1
Shi et al[46], Liver Int 2013

13.6
21
18
16.8
-

HVPG ≥ 12 mmHg

AUROC

Se

Sp

Cut-off (kPa)

AUROC

Se

Sp

0.990
0.945
0.871
0.870
0.930

97%
89.9%
83.4%
89.7%
90%

92%
93.2%
82.2%
75%
79%

17.6
20.0
-

0.92
0.79
-

94.0%
84.2%
-

81.0%
80.7%
-

1

Meta-analysis: HSROC and summary Se and summary Sp are presented. HPVG: Hepatic venous pressure gradient; Se: Sensitivity; Sp: Specificity; AUROC:
Area under the receiver operating characteristics curve.

find a non-invasive, inexpensive technique to predict
the occurrence of significant varices and the risk of
bleeding. It was logical to evaluate the proficiencies
of various elastographic methods in this regard
because they have been proven to be very accurate in
predicting the presence of cirrhosis.

TE

TE was the first elastographic method that was
[20]
developed to evaluate LS as a predictor for fibrosis .
It uses a FibroScan device (Echosens, Paris, France)
that includes a special ultrasound probe (3.5 MHz for
the standard M probe) integrated into a piston that
“punches” the body surface. The “punch” generates
shear waves that propagate into the liver. Their velocity
is measured by pulse-echo ultrasound acquisition and
is proportional to LS, increasing in parallel with LS.
The FibroScan device displays a Young’s modulus,
expressed in kilopascals (kPa), which is proportional to
[14,16,17]
the shear-wave velocity
. Measured values range
from 2.5 to 75 kPa.
Liver stiffness is measured in the right liver lobe,
in fasting patients. The software automatically rejects
measurements with an inconsistent vibration shape or
follow-up. For a reliable assessment, ten valid shots
should be obtained, and the median value of these
measurements should be considered indicative of the
LS value. The technical quality parameters that should
be considered for correct LS measurements include
the success rate (SR) and the interquartile range (IQR).
SR is the percentage of valid shots from the total
number of shots, while IQR is a measure of variability
th
and is calculated as the difference between the 75
th
and the 25 percentile of obtained values. Thus, TE
measurements are regarded as unreliable if 10 valid
shots cannot be obtained or if the IQR is higher than
30% of the median value and/or the SR is lesser than
60%. If no valid shots are obtained, TE measurement
[21]
is considered failed .
Several published meta-analyses have demon
strated that LS measurement by TE is a reliable
method for diagnosing cirrhosis, with a pooled
sensitivity ranging from 84.45% to 87% and a pooled
[13,22]
specificity ranging from 91% to 94.69%
. In
the most recent meta-analysis, for a mean optimal
cut-off of 15 kPa, the summary sensitivity was 0.83
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for diagnosing cirrhosis with summary specificity of
[23]
0.89 . However, the cut-off values for diagnosing
[24]
cirrhosis may vary according to its etiology .
Published studies have found the following cut-offs:
[25]
in HCV infection - 12.5 kPa , in HBV infection - 13.4
[26]
[27]
[28]
kPa , in NAFLD - 10.3 kPa , in ASH - 22.4 kPa ,
and in cholestatic chronic diseases - 17.3 kPa (primary
[29]
sclerosing cholangitis and primary biliary cirrhosis) .
Several studies were published regarding the
correlation between TE measurements and HVPG (Table
1). The first studies were performed in rather small
numbers of patients. In an Italian study on a small
number of patients, the AUROC for predicting HVPG
≥ 10 mmHg was 0.99 with 97% sensitivity, while for
predicting HVPG ≥ 12 mmHg the calculated AUROC
was 0.92 with 94% sensitivity. The calculated cut-offs
were 13.6 kPa for HVPG ≥ 10 mmHg and 17.6 kPa for
HVPG ≥ 12 mmHg. The cut-off was also 17.6 kPa for
[30]
predicting any EV (90% sensitivity, AUROC = 0.76) .
In a French study, TE accurately predicted HVPG
> 10 mmHg (significant portal hypertension); the
AUROC was 0.945. The calculated cut-off was 21
[31]
kPa . In another French study by the same group,
which followed up for 2 years 100 patients evaluated
by TE and HVPG, similar performances of TE and HVPG
for predicting portal hypertension were observed,
with AUROCs of 0.830 and 0.845, respectively. During
the follow-up, none of the patients with LS values
lower than the calculated cut-off (21.1 kPa) had
complications of portal hypertension, vs 47.5% of
[32]
those with values higher than the cut-off .
In an Austrian study including 122 cirrhotics with
EV, a stronger correlation was observed between
LS measurements by TE and HVPG in patients with
HVPG lower than 12 mmHg (r = 0.951) vs those
with HVPG higher than 12 mmHg (r = 0.538) and
that the correlation improved in patients who were
hemodynamic responders to beta-blocker therapy (r =
0.864), while in non-responders it remained the same
[33]
(r = 0.535) . The calculated cut-off to discriminate
between patients with grade 1 EV and those with
grade 2 or 3 EV was 47.5 kPa, with good sensitivity
[33]
(80.6%) but rather poor specificity (47.7%) .
The same Austrian group evaluated 502 patients
by TE and HVPG. They observed a strong correlation
between LS assessment by TE and HVPG (r = 0.794;
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Table 2 Predictive value of Transient Elastography in the liver for esophageal varices
Study

At least grade 1 EV

Nguyen-Khac et al[39] Alcohol Clin Exp Res 2010
Nguyen-Khac et al[39] Alcohol Clin Exp Res 2010
Sporea et al[40] Med Ultrason 2013
Sporea et al[40] Med Ultrason 2013
Castéra et al[41] J Hepatol 2009
Sporea et al[45] World J Gastroenterol 2011
1
Shi et al[46] Liver Int 2013

At least grade 2 EV

Cut-off (kPa)

AUROC

Se

Sp

Cut-off (kPa)

AUROC

21.5 (HCV)
31
-

0.84
0.78
0.84

76%
83%
87%

78%
62%
53%

47.2 (alcoholic)
19.8 (viral)
32.5 (alcoholic)
24.8 (viral)
30.5 (HCV)
-

0.770
0.730
0.836
0.867
0.870
0.780

Se
84.6%
88.9%
85%
81%
77%
0.86%

Sp
63.6%
55.1%
74.6%
80.7%
85%
0.59%

1

Meta-analysis: HSROC and summary Se and summary Sp are presented. EV: Esophageal varices; Se: Sensitivity; Sp: Specificity; AUROC: Area under the
receiver operating characteristics curve.

p < 0.0001). The correlation was stronger in cirrhotics
with viral etiology (r = 0.838) than in those with
alcoholic disease (r = 0.756). For a cut-off of 18 kPa,
TE had an 86% positive predictive value and an 80%
negative predictive value in identifying cirrhotics with
clinically significant portal hypertension (CSPH: HPVG
≥ 10 mmHg)[34].
Recently published studies have also demonstrated
a good correlation between TE and HVPG. In a study
from 2014, the calculated cut-off to predict CSPH was
16.8 kPa, with 89.7% sensitivity and 75% specificity
[35]
(AUROC = 0.870) . The same group demonstrated
that if new reliability criteria for TE were used [very
reliable measurements (IQR/M < 0.1), reliable (IQR/M
< 0.3, or > 0.3 if TE < 7.1 kPa) and poorly reliable
(IQR/M > 0.3, if TE > 7.1 kPa), where M = the median
value], the number of patients who could be evaluated
increased (83.2% vs 71.6%) without affecting the
accuracy of identifying those with CSPH [88.9% (AUC
= 0.957) vs 89.8% (AUC = 0.962) for a cut-off of 16.1
[36]
kPa] .
As mentioned above, HPVG measurement is
an invasive procedure and is not available at many
centers; therefore, in clinical practice, upper digestive
endoscopy is used to diagnose EV as a sign of portal
hypertension. The first published studies demonstrated
that LS values lower than 19 kPa had a high negative
[37]
predictive value for significant EV (grade 2 and 3) ,
[38,39]
with cut-offs varying from 27.5 to 47.2 kPa
.
Additionally, for predicting esophageal bleeding, the
[38]
calculated cut-off was 62.7 kPa .
Predictive LS values for grade 2 and 3 EV were
assessed according to cirrhosis etiology (Table 2).
The cut-offs were higher alcoholic cirrhosis (47.2 kPa,
AUROC = 0.77, 63.6% specificity, 84.6% sensitivity,
92.5% negative predictive value and 44% positive
predictive value) than in patients with viral etiology
(19.8 kPa, AUROC = 0.73, 55.1% specificity, 88.9%
sensitivity, 96.4% negative predictive value and 26.7%
[39]
positive predictive value) . A similar phenomenon
was observed in a study from our group that was
conducted on almost 700 patients. In our study, the
best LS cut-off for significant EV was 32.5 kPa (AUROC
= 0.836) in patients with alcoholic cirrhosis compared
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with 24.8 kPa (AUROC = 0.867) in those with viral
[40]
cirrhosis .
In a study from 2009 on HCV cirrhosis, Castéra
[41]
et al
calculated a cut-off of 21.5 kPa to predict
the occurrence of EV, but it had only 76% sensitivity
and 78% specificity, thus it was concluded that TE
cannot be a replacement for upper endoscopy for the
diagnosis of EV. In a smaller, more recent study that
compared TE with Forns Index, FIB-4 and Lok score
for the prediction of grade 2 and 3 EV in patients with
HCV cirrhosis, for a 22.4 kPa cut-off, TE showed the
[42]
highest accuracy (80%) (AUROC = 0.801) .
[43]
Chen et al
evaluated 238 patients with HBV
cirrhosis by TE and upper digestive endoscopy. In
patients with significant cytolysis (≥ 5 × upper limit of
normal), for a 36.1 kPa cut-off, TE had 100% negative
predictive value with 72.7% positive predictive value
for predicting grade 2 and 3 EV, with an AUROC of
[43]
0.93 .
In 2012 Castera published a review article that
evaluated only small studies (47-211 patients) with
contradicting results: cut-offs for predicting significant
EV 19.8-48 kPa; with AUROCs 0.73-0.87. Castera
[44]
et al
concluded that “diagnostic performances
of TE are acceptable for the prediction of clinically
significant portal hypertension but far from satisfactory
to confidently predict the presence of EV in clinical
practice and to screen cirrhotic patients without
endoscopy”.
This review did not include a Romanian study
[45]
conducted on 1000 consecutive cirrhotics . For an
optimal cut-off of 31 kPa, we calculated a 76.2%
negative predictive value for at least grade 2 EV and
a positive predictive value of 71.3%. If the cut-off for
at least grade 2 EV was chosen so that the positive
predictive value was higher than 85% (> 40 kPa),
we calculated 77.8% sensitivity, 68.3% specificity,
86% positive predictive value, with 55% negative
predictive value. If the cut-off was chosen so that
the negative predictive value was close to 90% (17.1
kPa), we calculated the negative predictive value to be
89.3%, with 43.2% positive predictive value, 92.6%
sensitivity and 33.5% specificity for at least grade 2
[45]
EV . Thus, according to our calculations, patients
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with LS values higher than 40 kPa will have significant
portal hypertension in at least 8/10 cases and should
receive prophylactic beta-blocker treatment without
undergoing endoscopy. Considering that for the 40 kPa
cut-off the negative predictive value was 54.9%, 5/10
cases will have significant (grade 2 and 3) EV, thus we
recommend endoscopic evaluation. For the 17.1 kPa
criterion the negative predictive value for significant
EV was 89.3% (1 in 10 patients), thus we do not
[45]
recommend endoscopic assessment .
Finally, a method’s value is demonstrated by metaanalyses. Regarding TE and portal hypertension, a
meta-analysis that included 18 studies with more than
[46]
3,500 patients was published in 2013 . It showed
that TE had a 0.90 summary sensitivity and a 0.79
summary specificity (AUROC = 0.93) for predicting
CSPH (HVPG ≥ 10 mmHg), a 0.87 summary sen
sitivity and a 0.53 summary specificity (AUROC = 0.84)
for predicting the occurrence of any EV, and a 0.86
summary sensitivity and a 0.59 summary specificity
(AUROC = 0.78) for predicting significant (grade 2
and 3) EV. The conclusion was that, due to the low
specificity of this method, TE cannot replace upper
[46]
gastrointestinal endoscopy for EV screening .
Spleen stiffness (SS) measurement by TE was also
assessed as predictor of portal hypertension based on
the idea that splenomegaly is one of the clinical signs
of cirrhosis. Several studies found a good correlation
between SS and LS by TE in patients with cirrhosis
[47,48]
and also between SS and the presence of EV
or
[49]
HVPG .
In a cohort of 200 cirrhotics, SS values higher than
40.8 kPa had 94% sensitivity, 76% specificity, 91%
positive predictive value and 84% negative predictive
value for the presence of any EV. Also, SS by TE was
significantly correlated with HVPG (r = 0.433, P =
0.001). When combining LS (cut-off 27.3 kPa) and SS
(cut-off 40.8 kPa), the accuracy of TE in predicting EV
[50]
was 90% .
Because in many cases a maximum value of
75 kPa is obtained when assessing SS in patients
with cirrhosis, the idea of using a modified software
version for SS assessment by TE was explored. Using
this modified software, which is not commercially
available, mSS values of up to 150 kPa could be
obtained by TE. In a series of 80 HCV cirrhotics, mSS
accurately predicted grade 3 EV: the cut-off was 75
kPa, with 100% sensitivity, 69.01% specificity, 100%
negative predictive value and 29% positive predictive
[51]
value, with an AUROC of 0.903 . Similar results
were obtained in another study in which multivariate
analysis demonstrated that mSS was the only
independent factor associated with grade 2 and 3 EV.
The cut-off was 54 kPa, with 80% sensitivity, 70%
[52]
specificity, and an AUROC of 0.82 .
Finally, the EFSUMB guidelines on the use of
elastography state that: “TE has some value for
predicting the occurrence of complications of liver
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cirrhosis, portal hypertension, HCC and liver-associated
mortality. It cannot replace upper gastrointestinal
[15]
endoscopy for identifying patients with varices” .

ARFI

ARFI is a point shear-wave elastographic technique
that measures LS as a predictor of fibrosis. ARFI was
first developed by Siemens and was integrated into
TM
a standard ultrasound machine (Acuson S2000 ,
Siemens, Erlangen, Germany); it is also available in
newer models. It evaluates LS in a 10/5 mm region of
interest (ROI), placed by the operator in a region free
of large vessels, while performing B-mode real-time
examination. The probe automatically produces a 262
µs, 2.67 MHz acoustic “push” pulse that induces shearwaves into the liver, which are tracked using ultrasound
[53]
correlation-based methods . Shear-waves speed
is quantified using a patented application of ARFI
technology [Virtual Touch Tissue Quantification (VTQ)].
The measurement result is displayed on the screen
(expressed in m/s), together with the measurement
depth.
Scanning is performed with minimal scanning
pressure, via an intercostal approach on the right liver
lobe, approximately where a LB would be performed, in
fasting patients in a dorsal decubitus position to avoid
cardiac motion. Measurements should be performed
[17,54-56]
1-2 cm under the capsule
. No recommendations
were made by the manufacturer regarding the quality
criteria that should be used, but published papers
showed a better correlation with histological fibrosis if
quality criteria similar to those from TE were used (SR
[17,57,58]
> 60% and especially IQR ≤ 30%)
.
Several studies have proven that ARFI elastography
is a reliable technique to predict cirrhosis when
compared to LB, with cut-offs ranging from 1.55 to 2
[54,59-62]
m/s and AUROCs ranging from 0.89 to 0.937
.
Additionally, when ARFI elastography was compared
to TE with LB as the reference method, it had similar
[61,62]
performance to TE in diagnosing cirrhosis
.
Several meta-analyses have confirmed that ARFI is
a valuable method for diagnosing cirrhosis, with mean
[63]
diagnostic accuracies reported as AUROCs of 0.93
[64]
[63,65]
and 0.91 , which are comparable to TE
.
Published studies showed controversial results
regarding liver assessment by ARFI elastography as a
predictor of portal hypertension (Table 3). A study from
our group showed no significant differences between
mean LS by ARFI in patients with no or grade 1 EV
(2.73 ± 0.71 m/s) vs those with grade 2 and 3 EV (2.8
± 0.71 m/s, P = 0.49), nor between those that had
a history of variceal bleeding (2.78 ± 0.81) vs those
[66]
with no bleeding history (2.77 ± 0.7 m/s, P = 0.99) .
Additionally, another study from Romania showed
a rather poor performance of ARFI elastography in
[67]
predicting large EV, with an AUROC of only 0.596 ,
which is a similar result to that from another European
study in which the AUROC for predicting large EV was
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Table 3 Predictive value of acoustic radiation force impulse elastography in the liver for esophageal varices
Study

At least grade 1 EV
[67]

Bota et al , Ann Hepatol 2012
Morishita et al[69], J Gastroenterol 2014

At least grade 2 EV

Cut-off (m/s)

AUROC

Se

Sp

Cut-off (m/s)

AUROC

Se

Sp

2.05

0.89

83%

76%

2.25
2.39

0.596
0.868

93.4%
81.0%

28.9%
82.0%

EV: Esophageal varices; Se: Sensitivity; Sp: Specificity; AUROC: Area under the receiver operating characteristics curve.

[68]

0.58 .
Much better results were obtained in Asian studies
(Table 3). In a Japanese study, the LS cut-off by ARFI
for predicting any EV was 2.05 m/s (83% sensitivity,
76% specificity, AUROC = 0.89), while for high-risk
EV the cut-off was 2.39 m/s (81% sensitivity, 82%
[69]
specificity, AUROC = 0.868) .
An European study showed a good correlation (r
= 0.646; p < 0.001) between LS measurements by
ARFI elastography and HVPG. The calculated cut-off to
predict CSPH was 2.58 m/s (71.4% sensitivity, 87.5%
[35]
specificity, AUROC = 0.855) .
Similar to TE, SS assessment by ARFI elastography
was evaluated as a predictor of portal hypertension,
also with controversial results.
[70]
In a study by Rifai et al , SS performed signi
ficantly worse than LS in predicting CSPH (AUROC 0.68
vs 0.90), but it must be considered that the LS cut-off
calculated to predict CSPH was only 1.67 m/s, which
is much lower than that proposed for diagnosing liver
[59-62]
cirrhosis
. The optimal SS cut-off for predicting
CSPH was 3.29 m/s, but with rather poor specificity
[70]
and sensitivity: 73% and 47%, respectively . In a
smaller study on only 33 cirrhotic HCV patients, in
which only 12 had EV, it was found that evaluating SS
by ARFI correlates with the presence of ascites but not
[71]
with the presence of EV .
[68]
In a study by Vermehren et al , the situation was
reversed. It was demonstrated by multiple logistic
regression analysis that SS by ARFI performed better
than LS by ARFI for predicting the presence of large
EV, even if the AUROCs of ARFI of the liver and ARFI of
[68]
the spleen were similar (0.58 for both) .
Another study measured liver and SS by ARFI
before and after placement of a transjugular intra
hepatic portosystemic shunt (TIPS). The mean LS
determined by ARFI did not differ before and after
TIPS placement, while SS significantly decreased after
TIPS placement, at 3.65 ± 0.32 m/s before vs 3.27 ±
[72]
0.30 m/s after TIPS (p < 0.001) .
In a study from our group, we combined several
parameters to improve the accuracy of ARFI
elastography for predicting grade 2 and 3 EV. LS and
SS values by ARFI as well as the presence of ascites
were associated with significant EV by univariant
analysis. Using multiple regression analysis, the
following formula to predict at least grade 2 EV was
calculated: Prediction of significant EV (Pred EV2-3)
score = -0.572 + 0.041 × LS (m/s) + 0.122 × SS (m/s)

WJG|www.wjgnet.com

+ 0.325 × ascites (1-absent, 2-present). The optimal
Pred EV(2-3) cut-off for predicting grade 2 and 3 EV
[67]
was 0.395, with 69.6% accuracy (AUROC = 0.721) .
Considering these conflicting results, further studies
and meta-analysis are necessary to assess the real
value of LS and SS by ARFI elastography as predictors
portal hypertension in cirrhotics, either alone or in
combination.
Published studies have not explained why TE can
predict portal hypertension while ARFI cannot. One
explanation may be that there is a wider range for TE
above the cut-off for cirrhosis (approximately 12.5-13.5
kPa up to 75 kPa) than for ARFI (approximately 1.8-2
m/s up to 5 m/s).

2D-SWE

2D-SWE is an elastographic method integrated into an
TM
Aixplorer ultrasound machine (SuperSonic Imagine
S.A., Aix-en-Provence, France). To obtain a stiffness
measurement, tissue is stimulated by an acoustic
“push” pulse generated by the transducer, which
generates shear-waves in the tissue. Ultrafast imaging
technology allows the acquisition of raw radiofrequ
ency data with a very high frame rate, of up to 5000
frames/s, which enables shear-wave speed estimation
by a Doppler-like acquisition over a ROI, which is used
for tissue stiffness assessment. Elasticity is displayed
as a color-coded image superimposed on a standard,
grey-scale B-mode image: red denotes stiffer tissues
and blue denotes softer tissues. Additionally, a
numerical value is displayed together with the standard
deviation of the measured elasticity, either in kPa or in
[14,16,17,73,74]
m/s
.
2D-SWE measurements are performed under
fasting conditions via an intercostal approach using 3-5
[15]
acquisitions, after which a mean value is calculated .
Starting from the first published studies regarding
2D-SWE, this method has proven to be accurate
for diagnosing cirrhosis. In hepatitis C patients, the
[75]
[76]
reported AUROCs were 0.94 and 0.98 . The cut-off
[76]
value was 10.4 kPa . In hepatitis B patients, the
[77]
cut-off for cirrhosis was 10.1 kPa (AUROC = 0.98) .
In a recently published study in hepatitis B patients,
the AUROC for predicting cirrhosis was 0.945 in the
index cohort and 0.967 in the validation cohort for a
[78]
cut-off of 11.7 kPa . In mixed etiology patients, the
cut-off for 2D-SWE in predicting cirrhosis was 11.5
[79]
kPa (AUROC = 0.914) . In a very recent study, the
AUROC of 2D-SWE in predicting cirrhosis was also very
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[80]

good at 0.926 .
Regarding 2D-SWE as a tool to predict portal
hypertension, we found only two published studies,
[80]
both in 2015. In the one performed by Kim et al ,
LS measurement by 2D-SWE was used to predict
portal hypertension assessed by HVPG measurement.
For a cut-off value of 15.2 kPa, 2D-SWE accurately
predicted CSPH (HVPG > 10 mmHg), with 85.7%
sensitivity and 80% specificity (AUROC = 0.819). In
[81]
a study by Procopet et al , a very good accuracy of
LS by 2D-SWE was observed when quality technical
parameters were taken into consideration (SD/median
LS ≤ 0.10 for depth of measurement < 5.6 cm and
SD/median LS > 0.10 for depth of measurement ≥
5.6 cm). In this category of patients, the best cut-off
to predict CSPH was 15.4 kPa (AUROC = 948, with
sensitivity and specificity both higher than 90%).
Further larger studies and meta-analyses are
needed to assess 2D-SWE as a predictor of portal
hypertension.

regarding the predictive value of the ElastPQ technique
for portal hypertension.

Strain elastography

1

Although strain elastography was the original elas
tographic method used to assess tissue stiffness and
is currently available in most high-end ultrasound
machines, its value in assessing liver stiffness as
a predictor of fibrosis severity is not yet defined
due to unstandardized methodology. Initially, hand
compression was used for tissue deformation, but
in newer systems heartbeats are used to stress the
tissue. Elasticity is displayed as a color-coded image
superimposed on a standard, gray-scale, B-mode
image: red denotes softer tissues and blue denotes
stiffer tissues. In newer systems, a histogram
[17]
and 11 parameters are also displayed . Recent
studies showed promising results when using strain
elastography to predict cirrhosis using both elastic
[82,83]
[84]
ratios
and average strain histograms . No
data are available regarding the use of elastic ratios
and average strain histograms obtained by strain
elastography for the assessment of portal hypertension.

ElastPQ technique

In conclusion, we suggest that all elastographic
methods are reliable for the early diagnosis of cirrhosis,
especially TE and ARFI, whose value has been proven
by meta-analyses. While TE is a promising method
to predict portal hypertension in cirrhotics, it cannot
replace upper digestive endoscopy. The diagnostic
accuracy of LS assessment by ARFI in predicting portal
hypertension in cirrhotics is debatable. The accuracy
of ARFI elastography may be significantly improved
if SS is also assessed, either alone or in combination
with liver stiffness and other parameters. 2D-SWE, the
ElastPQ technique and strain elastography all need to
be evaluated as predictors of portal hypertension.
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Liver cirrhosis (LC) is a chronic illness caused by
inflammatory responses and progressive fibrosis.
Globally, the most common causes of chronic liver
disease include persistent alcohol abuse, followed
by viral hepatitis infections and nonalcoholic fatty
liver disease. However, regardless of the etiological
factors, the susceptibility and degree of liver damage
may be influenced by genetic polymorphisms that
are associated with distinct ethnic and cultural
backgrounds. Consequently, metabolic genes are
influenced by variable environmental lifestyle factors,
such as diet, physical inactivity, and emotional stress,
which are associated with regional differences among
populations. This Topic Highlight will focus on the
genetic and environmental factors that may influence
the metabolism of alcohol and nutrients in the setting
of distinct etiologies of liver disease. The interaction
between genes and environment in the current-day
admixed population, Mestizo and Native Mexican, will
be described. Additionally, genes involved in immune
regulation, insulin sensitivity, oxidative stress and
extracellular matrix deposition may modulate the degree
of severity. In conclusion, LC is a complex disease. The
onset, progression, and clinical outcome of LC among
the Mexican population are influenced by specific
genetic and environmental factors. Among these are
an admixed genome with a heterogenic distribution
of European, Amerindian and African ancestry; a
high score of alcohol consumption; viral infections;
a hepatopathogenic diet; and a high prevalence of
obesity. The variance in risk factors among populations
suggests that intervention strategies directed towards
the prevention and management of LC should be
tailored according to such population-based features.
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Core tip: Liver cirrhosis is a global health problem. The
onset, progression, and clinical outcome of liver cirrhosis
are influenced by several hereditary and lifestyle
factors. Worldwide, interactions between genetic
and environmental factors involved in liver cirrhosis
may be associated with ethnic-based variations.
Globally, in populations with admixed genomes, such
as the Mexican population, individualized medicine
represents a new challenge for hepatologists and
gastroenterologists.
Ramos-Lopez O, Martinez-Lopez E, Roman S, Fierro NA,
Panduro A. Genetic, metabolic and environmental factors
involved in the development of liver cirrhosis in Mexico. World J
Gastroenterol 2015; 21(41): 11552-11566 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i41/11552.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i41.11552

INTRODUCTION
Liver cirrhosis (LC) is a chronic illness caused by
[1]
multiple, long-term injuries to the liver . Globally, LC
th
[2]
represents the 14 leading cause of mortality but
th
is the 12 leading cause of mortality in the United
[1]
th
[3]
States and the 4 leading cause in Central Europe
[4]
and Mexico . In general, the main etiologies of LC
are chronic alcohol abuse, followed by viral infections
(hepatitis C and B viruses) and nonalcoholic fatty liver
disease (NAFLD), including nonalcoholic steatohepatitis
[5]
(NASH) . Other causes that occur in a lesser extent
are autoimmune hepatitis, obstructive cholestasis,
hereditary hemochromatosis, alpha-1-antitrypsin
[6]
deficiency, Wilson’s disease and drug toxicity .
Liver cirrhosis is characterized by the degeneration
and necrosis of hepatocytes, the replacement of liver
parenchyma with fibrotic tissues and regenerative
[7]
nodules and loss of liver function . The impaired liver
architecture induces intrahepatic vascular distortion
and portal hypertension, which manifests in major
complications, such as ascites, upper gastrointestinal
[8]
bleeding, jaundice and hepatic encephalopathy .
However, regardless of the etiological factors, the
susceptibility and degree of liver damage may be
influenced by genetic polymorphisms that are associated
[9]
with particular ethnic backgrounds . Consequently,
genes involved in various metabolic pathways are
influenced by distinct environmental lifestyle factors,
[10]
such as diet, physical inactivity, and emotional stress .
Thus, this Topic Highlight will focus on the genetic
and environmental factors that may influence the
metabolism of alcohol and nutrients in the setting of
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distinct etiologies of liver disease. Additionally, genes
involved in immune regulation, insulin sensitivity,
oxidative stress and extracellular matrix deposition
may modulate the degree of severity. The interaction
between genes and environment in the current-day
admixed population, Mestizo and Native Mexican,
will be described. The inheritance of a heterogenic
distribution of European, Amerindian and African
[11,12]
ancestry in this population
may play a central role
in the clinical outcome of liver disease in conjunction
with specific environmental factors.

CELLULAR AND MOLECULAR
MECHANISMS INVOLVED IN THE
PATHOGENESIS OF LIVER CIRRHOSIS
Hepatic fibrogenesis is a key factor for the progression
of liver damage as a result of an excessive healing
response triggered by acute and chronic liver injury
associated with the continuous deposition of extracel
[13]
lular matrix (ECM), mainly fibrillary collagen . The
accumulation of ECM is due to both increased synthesis
and decreased degradation that contributes to the loss
of hepatocyte microvilli and endothelial fenestrations,
[14,15]
resulting in LC and liver failure
. Hepatic fibrosis
is driven by a population of activated fibrogenic cells
[16]
known as myofibroblasts (MFs) . The hepatic stellate
cells (HSCs) are the primary source of MFs, orchestrating
the deposition of ECM in normal and fibrotic liver, and
[17]
activation of the immune response . However, recent
research has revealed that several cell types contribute
to MF formation, including portal fibroblasts and bone
[18]
marrow-derived mesenchymal cells .
The clinical assessment of cirrhosis and the staging
of fibrosis have given rise to a number of non-invasive
techniques that have been validated as surrogate
tests for liver biopsy, such as the most recently develo
ped transient elastography (FibroScan; Echosens,
Paris, France). By this method, shear wave velocity
correlates with liver stiffness, which is staged from
F0 to F4, regardless of the etiological agent of liver
[1]
fibrosis (Figure 1) .
Regarding the cellular and molecular mechanisms
of LC, activation of HSCs involves two main stages
(Figure 2). The first stage of initiation renders the
cells responsive to diverse agents of liver injury, which
results from the paracrine stimulation of neighboring
cells, such as hepatocytes, circulating leukocytes,
platelets and endothelial and Kupffer cells (KCs).
Such stimuli include reactive oxygen species (ROS)
and inflammatory cytokines. Others effectors are
transcriptional factors, such as the three types of
peroxisome proliferator-activated receptors (PPAR-α,
-β and -γ), c-Myb, nuclear factor kappa B (NF-κB),
Kruppel-like factor 6 (KLF6) and the CCAAT/enhancer
binding protein-β (C/EBPβ). In addition, growth factors,
mainly transforming growth factor beta 1 (TGF-β1),
platelet-derived growth factor (PDGF), epidermal
growth factor (EGF) and insulin-like growth factor 1
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Figure 1 Stages of liver fibrosis. Liver fibrosis may be evaluated by liver biopsy and non-invasive methods. Regardless of etiological factors, liver fibrosis
encompasses 3 stages until the development of cirrhosis. NAFLD: Nonalcoholic fatty liver disease.

(IGF-1), play an important role in the activation of
[19,20]
HSCs
.
Once the HSCs are activated, the perpetuation
stage encompasses phenotypic changes in cell biology,
such as proliferation, contractility, fibrogenesis, matrix
degradation, chemotaxis, retinoid loss, cytokine
release and white blood cell chemoattraction. These
events are regulated in an autocrine and paracrine
manner by proinflammatory, pro-fibrogenic and promitogenic signals to exacerbate the accumulation of
[20]
ECM . Finally, if the causal agent is eliminated, liver
injury may be resolved. In this case, activated HSCs
limit the fibrogenic response through the up-regulation
of genes involved in apoptosis, enhanced immune
surveillance and the increased secretion of ECM[21]
degrading enzymes .

GENETIC, METABOLIC AND
ENVIRONMENTAL FACTORS INVOLVED
IN LIVER DISEASE
Alcoholic liver disease

Overconsumption of alcohol is directly associated
with liver disease and affects millions of individuals
[22]
worldwide . It is estimated that a consumption of
> 40 g of alcohol/d in men and > 20 g of alcohol/d
in women over a period of 10 years significantly
[23]
increases the risk of LC . Alcohol-induced liver
disease pathogenesis involves alcohol-metabolizing
enzymes that alter the levels of acetaldehyde and
ROS; these enzymes are known to have variable
[24]
allelic distribution worldwide (Table 1) . High levels of
ROS diminish antioxidant activity, leading to oxidative
damage of proteins, lipids, and DNA, which serve as
[25]
antigens for eliciting the host immune response .
In addition, oxidative stress can modify intracellular
[26]
signaling cascades related to an inflammatory state .
The resulting oxidative damage and subsequent
mitochondrial and autophagy dysfunction lead to
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energy depletion, the accumulation of cytotoxic me
[27]
diators and cell death . Furthermore, acetaldehyde
promotes bacterial lipopolysaccharide (LPS) translocation
from the gut to the liver, which in turn stimulates
[28]
Kupffer cells to release proinflammatory cytokines .
Additionally, acetaldehyde alters lipid homeostasis by
disrupting lipoprotein transportation from the liver,
decreasing β-oxidation of fatty acids and increasing its
[29]
biosynthesis; resulting in hepatic steatosis . Moreover,
acetaldehyde is involved in fibrogenesis because this
metabolite stimulates the synthesis of collagen and
ECM components through the activation of the TGF-β1/
[30]
SMAD3 signaling pathway . Finally, acetaldehyde
and ROS can form DNA adducts that are prone to
[31]
mutagenesis and carcinogenesis .
Furthermore, in alcoholic liver disease (ald), addi
tional genetic factors involved in alcohol dependence
and alcohol abuse have been intensively studied. Among
these factors are the dopamine receptor D2 (DRD2); the
bitter taste receptor (TAS2R38); and the liver enzymes
alcohol dehydrogenase class Ⅰ , beta polypeptide
(ADH1B), cytochrome P450, family 2, subfamily E,
polypeptide 1 (CYP2E1) and aldehyde dehydrogenase
2 family (ALDH2). Moreover, polymorphisms of lipid
metabolizing genes, such as apolipoprotein E (APOE),
fatty acid-binding protein 2 (FABP2), patatin-like
phospholipase domain- containing 3 (PNPLA3) and
peroxisome proliferator-activated receptor γ2 (PPAR-γ2)
have been associated with the severity of ald. Others
genes related to the process are inflammatory tumor
necrosis factor alpha (TNF-α), nuclear factor kappalight-chain-enhancer of activated B cells (NF-κ B), CXC
chemokine ligand 1 (CXCL1) and CD14 endotoxin
receptor (CD14) (Table 1).
Additionally, environmental cultural factors involved
in ald may vary among populations. In Spain, drinking
moderate amounts of red wine is part of the traditional
Mediterranean diet and has been associated with
[32]
reduced all-cause mortality . Mexico has a strong
Spanish cultural influence; however, the Mexican
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NAFLD
(PNPLA3, MTTP, PPAR )
Alcohol abuse
(DRD2, TAS2R38,

CYP2E1, ALDH2, ADH1B )

Quiescent HSCs

Activated HSCs

Fibrosis
(TGF-β1, COL, MMP )

ROS
Growth factors
Transcriptional factors
Inflammatory cytokines
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(IL-28B, APOE, LDLr )

Necrosis
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Figure 2 Hepatic fibrogenesis. Different etiological factors induce production of several stimuli to HSCs activation. Activated HSCs promote fibrosis and necrosis
of hepatocytes. These pathogenic processes can be modulated by genetic polymorphisms involved in each stage of the pathophysiological process. HSC: Hepatic
stellate cells; DRD2: Dopamine receptor D2; TAS2R38: Bitter taste receptor; CYP2E1: Cytochrome P450, family 2, subfamily E, polypeptide 1; ALDH2: Aldehyde
dehydrogenase 2 family; ADH1B: Alcohol dehydrogenase class I, beta polypeptide; PNPLA3: Patatin-like phospholipase 3; MTTP: Microsome triglyceride transfer
protein; PPAR-γ2: Peroxisome proliferator-activated receptors; IL-28B: Interleukin-28B; APOE: Apolipoprotein E; LDLr: Low-density lipoprotein receptor; TGF-β1:
transforming growth factor beta 1; COL: Collagenases; MMP: Matrix metalloproteinase; TNF-α: Tumor necrosis factor alpha; NF-κB: Nuclear factor kappa B; ROS:
Reactive oxygen species.

population did not inherit this Mediterranean alcohol
drinking pattern. Instead, the Mexican population has
a pattern of alcohol consumption that differs from
[24]
what has been reported in other regions worldwide .
Specifically, in West Mexico, young people consume 80
to 360 g of alcohol (mainly beer) over the weekends
in a period of 10 years. In the next decade, alcohol
consumption eventually increases from 360 to 640 g
of alcohol per day, including beer and a combination of
beer and distilled beverages, such as tequila. Finally,
3-5 years later, the amount of alcohol increases up
[24,33]
to 720 g daily, mainly tequila
, until LC clinically
[34,35]
manifests
. This pattern of alcohol consumption
is consistent with the age-related onset of alcohol[36]
induced LC previously reported . The average peak
age for LC onset has been reported to be 45 years;
however, one group reported an average age of 30
years, which may be the earliest onset ever reported
[36]
most likely due to genetic susceptibility . Genetic
polymorphisms in the CYP2E1, APOE, and FABP2
genes have been associated with the early onset of LC
in the population of West Mexico (Table 1). However,
the distribution of these genetic polymorphisms
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has demonstrated ethnic differences. Interestingly,
the APOE*2 risk allele is highly frequent in the
[12]
Caucasian population , whereas the CYP2E1*c2
[37]
risk allele prevails among Amerindians . Other
factors may affect the development of alcoholic liver
damage, including dose, duration and type of alcohol
consumption; drinking pattern; gender; obesity;
[24]
iron overload; and diet . Consistently, patients
with chronic alcohol abuse had a higher intake of
cholesterol, sodium and simple carbohydrates than
other groups with liver disease, which may accelerate
[38]
hepatocellular injury .
Furthermore, certain polymorphisms that are
associated with Amerindian ancestry may have placed
the current-day Mestizo population at a higher risk
of genetic susceptibility to alcoholism. The novel AVV
haplotype of TAS2R38, which has not been identified
in other populations, was associated with alcohol abuse
[39]
in the population of West Mexico . Globally, Mexico
has the highest frequency of the allele A1 in DRD2,
[24]
which has been correlated with alcohol addiction .
The identification of these factors has contributed to an
integrative understanding of ald in Mexico. However,
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Table 1 Genetic polymorphisms associated with alcohol dependence, alcohol abuse and liver disease
Gene

Risk allele

Alcohol-metabolizing enzymes
CYP2E1
CYP2E1*c2
ADH1B
ADH1B*2
ADH1B
ADH1B*1
ALDH2
ALDH2*1
Alcohol dependence genes
DRD2
Taq I A1
TAS2R38
AVV haplotype
Lipid metabolism
APOE
APOE*2
FABP2
PNPLA3

Ala54
M148

PPAR-γ2
Immune response
TNF-α
NF-ΚB
CXCL1
CD14

Ala12
-238 A
ATTG deletion
rs4074 A
-159 T

Association

Population

Higher susceptibility to LC; decompensated liver function
Higher risk to LC
Alcohol dependence
Higher susceptibility to LC

Ref.

Mexican (Mestizo), West Mexico
[110]
Japanese
[111]
European, Asian
[112-114]
Japanese
[111]

Alcohol dependence
Higher alcohol intake

European, East Asian
Mexican, (Mestizo), West Mexico

[115]
[39]

Hypertriglyceridemia and increased development of early
LC
Earlier onset of LC
Alcoholic liver disease and clinically evident LC

Mexican (Mestizo), West Mexico

[36]

Higher prevalence of LC
Higher prevalence of LC
Higher prevalence of LC
Advanced liver disease, hepatitis and especially with LC

Spanish
Spanish
German
Finnish

Mexican (Mestizo), West Mexico
[116]
Mixed European and Native
[117,118]
American, Mexico City
Increased risk to develop severe steatohepatitis and fibrosis
German
[119]
[120]
[121]
[122]
[123,124]

LC: Liver cirrhosis.

further large-scale studies that involve distinct ethnic
groups are needed to determine how genetics may
influence the onset and progression of LC.

Viral Hepatitis
Hepatitis C virus

The hepatitis C virus (HCV) is a hepatotropic single[40]
stranded RNA virus of the Flaviviridae family . HCV
infection is one of the most common causes of chronic
liver disease worldwide, with an estimated prevalence
[41]
of 3% or 170 million infected people . Latin America
has one of the lowest prevalences (1.23%); however,
[42]
this prevalence varies between different regions . In
Mexico, 400000 to 1400000 individuals are infected
with HCV. Of these individuals, 200000 to 700000
[43]
present with active viremia . HCV has been classified
into six main genotypes with a heterogeneous global
distribution. HCV genotypes 4, 5 and 6 are common
in Africa and South East Asia, whereas genotypes 2
[44]
and 3 are more frequent in European countries .
However, the most predominant HCV genotypes in
[45]
Mexico are 1a and 1b , which have been associated
with increased resistance to treatment with pegylated
interferon and ribavirin. These HCV endemic differences
are explained in part by the prevalent routes of
transmission in each region. In West Mexico, the
predominant risk factors for HCV transmission are
blood transfusions from infectious donors and surgeries
[46]
with contaminated surgical instruments . In contrast,
in North America, injection drug use is the major route
[47]
of HCV infection .
Approximately 18%-34% of patients with acute
HCV infection undergo spontaneous clearance through
+
a sustained, vigorous and virus-specific CD4 T-cell
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[48]

response in peripheral blood . However, in cases
of persistent HCV infection, the virus evades the
[49]
host innate immune response . This condition may
potentially increase the risk of progression to hepatic
fibrosis, cirrhosis and hepatocellular carcinoma (HCC)
[50]
over 20-30 years of HCV infection . HCV is a noncytopathic virus; therefore, the related liver damage
is mainly caused by the host immune response.
The potential mechanisms of LC include portal
lymphoid infiltration, focal and bridging necrosis,
and degenerative lobular lesions, which may be
amplified by the accumulation of specific T cells that
are recruited by adhesion molecules and chemokine
[51]
expression .
Studies in West Mexico have found that cytokines
influence the extent of HCV development in patients
infected with genotype 1a. Our data reveal that
chronic infection results in an increased secretion of
interleukin 8 (IL-8) and the chemokine (C-C motif)
ligand 5 (CCL5), whereas patients who spontaneously
cleared HCV exhibited augmented levels of interleukin
1 alpha (IL-1α), interleukin 13 (IL-13), interleukin 15
(IL-15), TNF-α, TGF-β1 and the chemokine (C-C motif)
[52]
ligand 8 (CCL8) . This finding correlates with studies
conducted in regions where the virus is endemic and
suggests that variations in the profile of cytokines
involved in the immune response may contribute to
either the ability to clear HCV or to the long-term
persistence of HCV and thus the potential development
[53]
of LC .
Chronic HCV infection causes numerous pathogenic
changes in the liver, including iron overload, steatosis,
insulin resistance, the induction of endoplasmic
reticulum stress, the unfolded protein response,
oxidative stress, mitochondrial dysfunction and altered

11556

November 7, 2015|Volume 21|Issue 41|

Ramos-Lopez O et al . Genetic and environmental factors in cirrhosis
[54-56]

growth control
. Other factors are significantly
associated with the progression of fibrosis in chronic
HCV carriers. These factors include the duration of
infection, advanced age, male sex, heavy alcohol use
(> 50 g/d), HIV coinfection, diabetes and a low CD4
[57-59]
count
. Moreover, physical inactivity, obesity, and
related lipid alterations may play a critical role in the
[42]
progression of fibrosis . Recently, we found that
approximately 65% of HCV-infected patients in West
Mexico have a sedentary lifestyle, and approximately
[38]
70% of these patients are overweight or obese .
Because overnutrition may influence the course of
infection, the analysis of distinct cohorts, including
obese and non-obese individuals, should be conducted
to characterize the influence of this factor on LC
development.
In addition to environmental and viral features,
host genetic factors are important contributors to the
[42]
modulation of HCV outcomes . Diverse polymorphisms
in genes involved in lipid metabolism have been
described, such as apolipoprotein B (APOB), APOE,
LDL receptor (LDLr), microsomal triglyceride transfer
protein (MTTP) and PNPLA3. Polymorphisms in several
immune regulatory genes have been demonstrated
to influence HCV outcomes, including CXCL1,
interleukin 28B (IL-28B), TGF-β 1 and TNF-α ; and
matrix metalloproteinase 1 (MMP-1), 3 (MMP-3) and 9
(MMP-9). Additionally, genetic polymorphisms that have
been implicated in the metabolism of homocysteine
(methylenetetrahydrofolate reductase, MTHFR), iron
(hemochromatosis gene, HFE), and vitamin D (vitamin
D receptor, VDR) have been reported (Table 2). Finally,
a meta-analysis demonstrated that two polymorphisms
in IL-28B (rs12979860 CC and rs8099917 TT) were
strong predictors of sustained virological response
in patients on pegylated interferon and ribavirin
[60]
treatment .

Hepatitis B virus

The hepatitis B virus (HBV) is a noncytopathic, hepa
[61]
totropic virus of the Hepadnaviridae family . HBV
infection is a public health problem, in which nearly
[62]
400 million people suffer chronic HBV infection . In
Mexico, epidemiological studies have indicated that at
least 15 million adults may have been exposed to HBV
[63]
during their lifetime , and up to 300000 individuals
[64]
may be active carriers . Globally, geographical
areas with a high endemicity of HBV infection include
Asian countries, regions in South America with
[65,66]
indigenous peoples and Alaska
. In contrast,
[43]
Mexico is considered a region of low endemicity ,
which is associated with predominant HBV genotypes
[67]
H and G , low hepatitis B surface antigen (HBsAg)
[64]
[63]
seroprevalence , and low viral loads
but a high
prevalence of occult B infection (OBI) among native
[68]
Mexican groups (Nahuas and Huichol) . OBI is dia
gnosed based on a negative serum hepatitis B surface
antigen (HBsAg) test, the presence of HBV DNA in
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[69]

the liver and very low HBV DNA levels in serum .
Therefore, given these features, the detection of HBV
infection in Mexico may be underestimated in the
setting of HBV-induced chronic liver disease.
The outcome of HBV infection is the result of
complex interactions between HBV and the host
[53,70]
immune system
. A study of cytokine sera profiles
in native Mexican groups revealed that OBI patients
displayed increased interleukin 2 (IL-2) secretion and
a characteristic inflammatory profile (reduction in IL-8
[71]
and TNF-α, and increased levels of TGF-β1) . This
finding correlates with the accepted role of TGF-β1 in
[72]
the progression of liver disease , whereas the high
secretion of IL-2 suggests that OBI may be modulated
by IL-2. Experimental data indicate that cytotoxic
T cells are the main cell type responsible for the
[73]
inhibition of viral replication and for hepatocyte lysis .
Moreover, HBV genotypes influence the natural
course of infection and related liver damage. Regarding
the distribution of HBV genotypes, HBV genotype H
in native and Mestizo Mexicans and genotype F in
native Latin Americans are linked to a less severe
natural course of disease and a faster resolution of
[74]
infection . This finding may be due to a high degree
of immune adaptation to the virus in these populations.
Nonetheless, in Mestizo Americans, genotype F is
commonly associated with acute and chronic liver
[74]
disease with a tendency toward HCC .
Additionally, HBV is associated with metabolic
alterations in host cells, which lead to hepatic steatosis,
oxidative stress, inflammation, and carcinogenesis.
The main mechanisms include the transcriptional upregulation of genes involved in the biosynthesis of
lipids, phosphatidylcholine, and hexosamine; as well
as modifications in cell proliferation and differentiation.
Together, such changes promote HBV replication and
[75]
liver damage . Other factors, such as alcohol abuse
(> 60 g/d) for at least 10 years, central obesity, insulin
resistance, diabetes and environmental hepatotoxins,
including tobacco smoke and aflatoxins, may increase
the progression rate of liver injury in chronic HBV[76]
infected patients . In addition, genetic polymorphisms
modulate the outcome of HBV infection. These
polymorphisms include interleukin 10 (IL-10), IL-28B,
TGF-β 1 and the collagenases, type I, alpha 1 (COL1A1)
and type Ⅲ, alpha 1 (COL3A1) (Table 3).

Other viral hepatitis

Recently, we described a high seroprevalence of
the hepatitis E virus (HEV) in serum samples from
cirrhotic patients in whom no etiological agent
[43]
was found . Consequently, this finding suggests
a potential role of HEV in LC development and
is consistent with the description of HEV-related
[77]
cirrhosis in immunocompromised patients . Further
epidemiological studies are warranted among the
Mexican population to elucidate the plausible influence
of HEV in liver disease.

11557

November 7, 2015|Volume 21|Issue 41|

Ramos-Lopez O et al . Genetic and environmental factors in cirrhosis
Table 2 Genetic polymorphisms associated with the outcomes of hepatitis C virus infection
Gene
Lipid metabolism
APOB
APOE
LDLr
MTTP

Risk allele

Association

Population

Ref.

-516 C
APOE*3
rs2738459 C, rs2569540 G,
rs1433099 A, rs11672123 A
-493 T

Increased susceptibility of HCV infection
Viral persistence
Higher viral load in genotypes 1 and 4

Chinese
Northern European
Spanish

[125]
[126]
[127]

Native Italian

[128,129]

M148

Higher degree of steatosis, HCV RNA serum levels and
hepatic fibrosis
Higher risk for steatosis and fibrosis progression

European: Belgian,
German and French

[130]

rs4074 A
rs12979860 T
-509 T
-308 A

Higher risk for LC
Higher risk for LC and HCC
Higher risk for LC and HCC
Higher risk for LC and HCC

-1607 2G
-1171 5A

Higher prevalence of LC
Lower age at LC diagnosis and a higher Child-Pugh
score
Higher prevalence of LC

Japanese
Japanese

[135]
[135]

Japanese

[135]

Hyperhomocysteinemia and higher degree of steatosis
and fibrosis
Higher likelihood of LC
Higher fibrosis progression and LC

Italian

[136]

Taiwanese
Swiss

[137]
[138]

PNPLA3
Inmune response mediators
CXCL1
IL-28B
TGF-β 1
TNF-α
Fibrogenesis
MMP-1
MMP-3
MMP-9
Nutrient metabolism
MTHFR
HFE
VDR

-1562 C
677 T
63 D
CAA haplotype (rs1544410
C, rs7975232 A, rs731236 A)

German
[131]
Native Italian and Chinese [132,133]
Egyptian
[134]
Egyptian
[134]

LC: Liver cirrhosis; HCV: hepatitis C virus; HCC: hepatocellular carcinoma.

Table 3 Genetic polymorphisms associated with the outcomes of hepatitis B virus infection
Gene
Immune response mediators
IL-10
IL-28B
TGF-β1
TGF-β1
Fibrogenesis
COL1A1
COL3A1

Risk allele

Association

Population

Ref.

-592 C
rs12979860 C
10 T
-509 C

Significant increased risk of LC
Increased risk for developing LC
Higher prevalence of LC
Higher susceptibility to LC

Asian
Asian
Chinese
Chinese

[139]
[140]
[141]
[142]

TC haplotype (-1997 T, -1363 C)
rs3106796 A

Higher prevalence of LC
Higher prevalence of chronic hepatitis, LC and HCC

Chinese
Koreans

[143]
[144]

LC: Liver cirrhosis; HCC: hepatocellular carcinoma.

NAFLD
Obesity is considered the main factor associated with
multiple metabolic disorders, such as NAFLD, which
comprises simple steatosis, NASH, cirrhosis and
[78,79]
HCC
. Hepatic steatosis is defined by the presence
of cytoplasmic triglyceride (TG) droplets in more than
5% of hepatocytes as a result of an imbalance between
[80,81]
lipid input and output
. The abnormal accumulation
of TGs in the liver induces lipotoxicity, endoplasmic
reticulum (ER) stress, mitochondrial dysfunction,
and inflammation, which all result in fibrosis (Figure
[82,83]
3)
. Conventionally, international guidelines
and intervention strategies have been proposed for
the treatment of NAFLD/NASH. However, because
disparities in genetic and environmental factors among
populations were not considered, the application of
these strategies may not be feasible for all populations
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worldwide. Therefore, intervention strategies for the
prevention and management of such obesity-related
diseases should be based on a regionalized genomebased diet by focusing on the specific ancestry of
each population and the convenience of consuming
[11]
traditional ethnic food .
Currently, Mexico is one of the countries with the
highest number of obese individuals, which is closely
[84]
related to dietary factors and physical inactivity . The
diet in West Mexico is hepatopathogenic because of its
high content of fat derived mainly from the habitual
[11,38]
consumption of meat, fried foods and sausages
.
Interestingly, we have observed that a genetic variant
in the fat taste CD36 receptor may play an important
[85]
role in this condition . High-fat diets are associated
with an increase in body weight, the upregulation of
blood glucose levels, the progression of steatosis,
[86]
and marked inflammation of the liver . Moreover,
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Simple steatosis

NASH

Cirrhosis

Genetic variants

Hepatopathogenic diet
Accumulation
of triglycerides

Obesity

Fibrosis

Fibrotic tissues
Regenerative nodes
Necrosis

Insulin resistance

Adipose tissue lipolysis

Lipogenesis
FA uptake

Lipotoxicity, ER stress
Mitochondria
dysfunction
Inflammation

VLDL export
β-oxidation

HCC

Figure 3 Nonalcoholic fatty liver disease pathogenesis. The spectrum of NAFLD includes simple steatosis, NASH, LC and even HCC. Risk factors such as
obesity, hepatopathogenic diet, insulin resistance and adipose tissue lipolysis lead to accumulation of triglycerides. This abnormality can stimulate lipotoxicity, ER
stress, mitochondria dysfunction and inflammation, promoting fibrosis. Chronic fibrogenesis causes histological changes in the liver that lead to LC, which in turn may
evolve to HCC. NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; FA: Fatty acids;
VLDL: Very low-density lipoprotein; ER: Endoplasmic reticulum.

more than 70% of the Mexican population frequently
[38]
consumes soda, which increases fructose input .
Fructose promotes steatosis, insulin resistance,
[87-89]
necroinflammation, and fibrosis
. In contrast, our
diet is deficient in n-3 polyunsaturated fatty acids
(PUFA) and antioxidants, which favors oxidative stress
[90]
and lipid alterations . Finally, inadequate dietary
behaviors, such as missing breakfast and a lack of
feeding schedules, are common among the Mexican
[38]
[91]
population and have been linked to obesity .
Other interactions between genes and environmental
lifestyle factors that favor changes in the body mass
index have been studied in West Mexico. Dietary
modifications consisting of a lower intake of saturated
fat (< 7%) significantly decreased body mass index,
waist circumference, waist-to-hip ratio, and reactive
54
C protein in FABP2 Thr allele carriers compared to
[92]
Ala54 allele carriers . Additionally, recent studies in
an obese cohort demonstrated that the expression of
adiponectin levels may be modulated by changes in
lifestyle regardless of the presence of an adiponectin
[93]
(ADIPOQ) 11391G/A polymorphism .
However, despite the strong correlation between
obesity and NAFLD, approximately 5% of morbidly
[94]
obese patients do not develop NAFLD . This finding
supports the role of genetic factors in the development
of NAFLD and NASH (Table 4). These factors may include
polymorphisms in genes that affect lipid metabolism,
such as apolipoprotein C3 (APOC3), PNPLA3, MTTP,
and phosphatidylethanolamine N-methyltransferase
(PEMT). Polymorphisms in genes that affect insulin
sensitivity, such as ADIPOQ, adiponectin receptors 1 and
2 (ADIPOR 1 and ADIPOR 2), PPAR-γ, PPAR-γ coactivator
1α gene (PPARGC1A) and PPAR-α, may play a role in
the development of NAFLD and NASH. Additionally,
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regulatory genes of oxidative stress, including glutamate
cysteine ligase (GCLC), inducible nitric oxide synthase
(NOS2), and manganese superoxide dismutase (SOD2),
have been implicated. Genes related to immune
regulation, including signal transducer and activator of
transcription 3 (STAT3), TNF-α, IL-8 and interleukin-6
(IL-6); as well as MTHFR and HFE have been described.
Finally, other less common genes that have been
associated with the development of NAFLD and NASH
include ATP-binding cassette subfamily C member 2
(ABCC2, also known as multidrug resistance protein 2,
[95]
MRP2) and angiotensin Ⅱ typeⅠreceptor (AGTR1) .

HCC
Globally, HCC is the most common form of liver cancer,
the sixth most prevalent cancer and the third most
[96]
frequent cause of cancer-related death . Nearly 75%
of HCC cases are attributed to chronic HBV and HCV
[97]
infections in high endemic regions . Therefore, the
particular characteristics of these viruses and the genetic
structure and environmental factors that prevail in each
population may explain the epidemiological differences
in HCC worldwide. Regions with higher incidence
rates of this malignant disease include sub-Saharan
Africa, Eastern Asia, followed by Southern European
[32]
countries . However, HCC is rare in other geographical
areas, such as North and South America, Northern
[98]
Europe, Oceania, and Mexico . The low incidence of
HBV-related HCC among the Mexican population is
[64]
associated with a low steady HBsAg seroprevalence .
Furthermore, because Mexican patients with alcoholic
cirrhosis are young, death occurs earlier due to longterm complications. This fact hinders the study of the
association between alcohol consumption and HCC in
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Table 4 Genetic polymorphisms associated with the development of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis
Gene
Lipid metabolism
APOC3

Risk allele

Association

Population

Ref.

482 T, 455 C

Higher fasting plasma triglyceride concentration
and higher prevalence of NAFLD
Increased hepatic fat levels, hepatic inflammation
and fibrosis in NAFLD and NASH patients

Asian Indian

[145]

Hispanic, African American,
European American, Finnish,
Argentinean, Italian
French, Japanese

[146-150]

Hispanic, African American,
European American, Asian

[153,154]

Italian

[155]

Japanese

[156]

German
Finnish

[157]
[158]

Chinese
Japanese
Chinese

[159]
[160]
[161]

Higher prevalence of NASH
Higher fibrosis index in NAFLD patients
Higher prevalence of NASH

Brazilian
Japanese
Japanese

[162]
[163]
[152]

Higher prevalence of NAFLD
Higher prevalence of NAFLD and NASH
Disease progression in NASH
Higher risk for NAFLD and NASH
Higher prevalence of NASH
More hepatic fibrosis in NASH patients. Higher
prevalence of NAFLD
NAFLD disease severity
Higher prevalence of NASH

Argentinean
Italian, Chinese
Turkish
Italian
Turkish
Australian

[164]
[165,166]
[167]
[168]
[169]
[170-172]

Argentinean
Japanese

[173]
[174]

PNPLA3

M148

MTTP

-493 G

PEMT

M175

Insulin resistance/sensitivity
ADIPOQ
45 T, 276 T

45 G, 276 G
ADIPOR1
ADIPOR2

-8503 A, -1927 C
rs767870 T

PPAR-γ
PPARGC1A
PPAR-α

161 T
rs2290602 T
Val227

Oxidative stress
GCLC
-129 T
NOS2
rs1060822 T
SOD2
1183 T
Immune response mediators
STAT3
rs6503695 T, rs9891119 A
TNF-α
-238 A
IL-8
-251 A
IL-6
-174 C
MTHFR
1298 C, 677 C
HFE
282 Y
ABCC2/MRP2
AGTR1

rs17222723 T, rs8187710 A
rs3772633 G, rs3772627 C,
rs3772622 A

Higher intrahepatic triglycerides content. Higher
incidence and progression of NASH
Higher prevalence of NAFLD and NASH

Higher prevalence of NAFLD. Lower postprandial
adiponectin and higher postprandial triglyceride,
VLDL, and FFA in NASH patients
Higher prevalence of NAFLD, severe fibrosis and
insulin resistance in females
Lower insulin sensitivity and higher liver fat
Increased hepatic fat and biochemical surrogates of
NAFLD
Higher susceptibility of NAFLD
Higher occurrence of NAFLD
Higher prevalence of NAFLD and anthropometrical
indicators of obesity

[151,152]

NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

Mexico because the average age of death from HCC is
at least one or two decades after the clinical diagnosis of
[98]
LC . Similarly, epidemiological studies have indicated
a positive correlation between liver cancer and the
consumption of several foodstuffs contaminated with
aflatoxins and fumonisins, including maize, cereals,
[99]
ground nuts and tree nuts . These mycotoxins are
potent liver carcinogens through the formation of promutagenic DNA adducts. Nonetheless, the process of
“nixtamalization” in the elaboration of Mexican tortillas
[100]
since pre-Hispanic times
inactivates up to 95% of
aflatoxins in corn (maize), which may exert a protective
[101]
effect against the development of HCC .

EPIGENETIC FACTORS
Epigenetic changes affect gene expression without
[102]
altering the underlying DNA sequence
. These
changes include DNA methylation, histone modifications,
chromatin remodeling, and microRNAs (miRs), which
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are essential for the proper maintenance of cellular
[103]
homeostasis . However, such processes are regulated
by environmental factors, including diet, alcohol, drugs,
[104]
exercise and stress
. Growing evidence suggests
that epigenetic alterations are correlated with a wide
range of chronic disorders, including liver diseases.
Diverse miRs have been implicated in the development
and progression of NAFLD by disrupting lipid and
glucose metabolism, insulin resistance, the unfolded
protein response, mitochondrial damage, ER stress,
oxidative stress, cellular differentiation, inflammation
[105,106]
and apoptosis
. Moreover, the reduction of histone
expression promotes the differentiation of HSCs to
myofibroblasts, thereby enhancing the fibrogenesis
[107]
process
. Interestingly, alcohol directly stimulates
changes in chromatin structure, which induces the
trans-differentiation of HSCs and the increased
[108]
expression of ECM proteins
. Global DNA hypo
methylation and the dysregulated expression of noncoding RNAs and epigenetic regulatory genes have
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[109]

been found to trigger carcinogenesis of hepatocytes .
Taken together, these findings support the need to
evaluate epigenetic factors in distinct populations and
their relationship to the severity of liver damage.

9

10

CONCLUSION
LC is a complex disease. The onset, progression,
and clinical outcome of LC are influenced by genetic
polymorphisms that are associated with particular
ethnic backgrounds and their interaction with
environmental factors, such as lifestyle. Currently,
chronic alcohol abuse is the main etiological factor of
LC in Mexico, which is associated mainly with cultural
and genetic aspects. To date, HCV genotypes 1a and
1b favor chronicity, liver damage and therapeutic
failure among Mexicans. In contrast, the more fav
orable natural course of HBV infection in the native
Mexican population may be linked to an evolutionary
immune adaptation to HBV genotype H. Finally, the
hepatopathogenic diet and the high prevalence of
obesity in our population contribute to the onset and
progression of NAFLD. These findings highlight the
influence of genetic and environmental factors in the
development of LC, which may be different than those
reported in other regions of the world. Therefore, these
factors represent a challenge for hepatologists and
gastroenterologists in Mexico and worldwide because
they require the incorporation of personalized genomic
medicine into current medical practices. However, the
development of intervention strategies according to
individual or population-based features will have a
substantial impact on the prevention, management and
treatment of LC.
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Abstract
The evaluation and follow up of liver fibrosis and cirrhosis
have been traditionally performed by liver biopsy.
However, during the last 20 years, it has become evident
that this “gold-standard” is imperfect; even according
to its proponents, it is only “the best” among available
methods. Attempts at uncovering non-invasive diagnostic
tools have yielded multiple scores, formulae, and imaging
modalities. All are better tolerated, safer, more acceptable
to the patient, and can be repeated essentially as often as
required. Most are much less expensive than liver biopsy.
Consequently, their use is growing, and in some countries
the number of biopsies performed, at least for routine
evaluation of hepatitis B and C, has declined sharply.
However, the accuracy and diagnostic value of most, if
not all, of these methods remains controversial. In this
review for the practicing physician, we analyze established
and novel biomarkers and physical techniques. We may
be witnessing in recent years the beginning of the end
of the first phase for the development of non-invasive
markers. Early evidence suggests that they might be at
least as good as liver biopsy. Novel experimental markers
and imaging techniques could produce a dramatic change
in diagnosis in the near future.
Key words: Liver; Fibrosis; Cirrhosis; Non-invasive;
Serum biomarkers; Ultrasonography; Computerized
tomography; Magnetic resonance imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver fibrosis (leading to liver cirrhosis), and
not inflammation and cytolysis, is the main cause of
liver disease-associated morbidity and mortality. During
the last 20 years, it has become evident, even to its
proponents that liver biopsy, is no longer the “goldstandard”. At most, it is the old standard. Non-invasive
diagnostic scores, formulae, and imaging modalities,
all of which can be repeated as often as required, are
cheaper, better tolerated, safer, and more acceptable

11567

November 7, 2015|Volume 21|Issue 41|

Lurie Y et al . Non-invasive diagnosis of liver fibrosis

to the patient than liver biopsy. Although their accuracy
is still controversial, early evidence indicates that they
might be at least as good as liver biopsy.
Lurie Y, Webb M, Cytter-Kuint R, Shteingart S, Lederkremer GZ.
Non-invasive diagnosis of liver fibrosis and cirrhosis. World J
Gastroenterol 2015; 21(41): 11567-11583 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i41/11567.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i41.11567

INTRODUCTION
th

Until the mid-20 century, chronic liver diseases
could be diagnosed ante mortem with certainty only
at a very advanced stage, usually after the onset of
[1,2]
cirrhosis . The first quantifiable noninvasive markers
of liver disease were serum levels of liver enzymes.
Alkaline phosphatase and transaminases became
available in 1930 and 1955-1956, respectively. The
spectrum of chronic liver disease expanded, and the
submerged part of the chronic liver disease “iceberg”
became known. Almost simultaneously (1958)
Menghini introduced his “one second liver biopsy”
technique and needle. Examination of liver tissue
“Intra Vitam” became possible and contributed to the
exposure of additional hidden parts of the iceberg,
both qualitatively and quantitatively. Various imaging
techniques came later and contributed their share.
The introduction of more and more efficient the
rapeutics in the 1980’s transformed hepatology from
a mainly descriptive discipline into an active one,
able to cure many patients. More precise quantitation
of the degree of liver damage became necessary
for “To treat or not to treat” decisions, but neither
[3]
liver biopsy (LB) nor single parameters like alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), or platelet numbers were adequate. Standing
[4]
on the shoulders of giants, Child and Turcotte and
[5]
Maddrey et al , investigators combined the power
of single parameters by inserting them into various
scores and formulae, thus greatly improving their
predictive power.
The following review is a practical guide for the
clinician.

OVERVIEW OF LIVER FIBROSIS
Liver fibrosis, leading to liver cirrhosis, is the result
of several processes, which include the stimulation of
fibrogenesis [extracellular matrix (ECM) synthesis]
[6,7]
and regulation of fibrolysis (ECM degradation) . It is
initiated by a variety of insults leading to the death of
hepatocytes, prominently viral infections [hepatitis B
virus (HBV), hepatitis C virus (HCV)], alcohol, and diet
[non-alcoholic fatty liver disease (NAFLD)]. This leads
to activation of hepatic stellate cells (HSCs), which
[8]
is the main mechanism leading to liver fibrosis .
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HSCs are a main storage for retinol, a precursor of
vitamin A, and control ECM turnover by secretion of
matrix metalloproteinases (MMPs) and MMP-inhibitors
(TIMPs). Three stages are involved in the fibrogenic
process through HSC activation: a pre-inflammatory
phase of HSC activation by dying hepatocytes,
an inflammatory phase, when HSCs are further
stimulated to transdifferentiate to myofibroblasts
[9]
(MFB) , and a postinflammatory phase, when MFBs
secrete stimulating cytokines and ECM components.
These cytokines can stimulate MFBs and HSCs,
creating a positive feedback loop that perpetuates the
fibrogenic process. The main cytokine mediating this
[10]
effect is transforming growth factor beta (TGF-β) .
TGF-β stimulates ECM gene expression and decreases
ECM degradation by downregulation of MMPs and
upregulation of TIMPs. HSCs can also be activated
through oxidative stress in the form of reactive oxygen
species, an important pathway in alcoholic liver injury,
NSFLD, and iron overload. The oxidative species can
also be produced by activated Kupffer cells. MFBs
change the structure of the ECM by altering the types
of deposited collagen, laminin, glycoproteins, and
proteoglycans (for example heparan sulfate). Changes
in the secretion and degradation of ECM components
are used as biomarkers for some of the noninvasive
screening techniques. The change in ECM structure,
in turn, increases ECM stiffness, a change that is
measured in some of the physical techniques for
noninvasive diagnosis of liver fibrosis.

SERUM MARKERS
Many of the serum markers are enzymes that are
measured in routine laboratory tests but are not specific
to the liver and can be released upon inflammation of
other tissues.
Others are secreted molecules, such as bilirubin,
alpha-fetoprotein, alpha-2-macroglobulin, haptoglobin
and apolipoprotein A1.
Albumin is specifically secreted from the liver, and
its levels are reduced mainly in severe liver disease but
also in other clinically relevant diseases (inflammatory
diseases, renal diseases with significant proteinuria,
malnutrition, protein losing enteropathy). Therefore,
although albumin is a good indicator of ill health, it
lacks specificity for liver disease.
None of these markers is of much use by itself but
[11,12]
are useful when combined in marker panels
.
Combinations of biomarkers or marker panels
have been established in recent years for clinical use.
The most common ones are summarized in Table 1.
They are all based on indirect biomarkers (see below),
except for hyaluronic acid or hyaluronan (HA) and
panels that include it (Fibrometer and Hepascore).
Although some of these markers, or combinations
of them, are now established in clinical use, their
prognostic value is not clear-cut. They are increasingly
useful in the exclusion of advanced fibrosis and
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Table 1 Diagnostic accuracy of established serum markers
Test

Parameters

Prognosis

Sensitivity

Specificity

AUROC

APRI

AST, platelet count

FIB-4

Platelet count, AST, ALT, age

Significant fibrosis
Cirrhosis
Significant fibrosis
Cirrhosis
Significant fibrosis

81
77
64
90
92

55
75
68
58
38

0.77
0.84
0.74
0.87
0.79

Cirrhosis
Significant fibrosis
Cirrhosis
Significant fibrosis
Cirrhosis1
Significant fibrosis
Cirrhosis
Significant fibrosis

83
88
98
65
66
72
69

76
52
27
86
79
86
81

0.86
0.76
0.87
0.75
0.92
0.79
0.89
0.82

Cirrhosis1

62

87

0.90

Fibrotest

Forns Index

Haptoglobin, α2-macroglobulin, apolipoprotein A1, γGT,
bilirubin
Age, platelet count, γGT, cholesterol

HA

hyaluronan

HepaScore

Bilirubin, γGT, hyaluronan, α2-macroglobulin, age, gender

Fibrometer

Platelet count, prothrombin index, AST, α2-macro-globulin,
hyaluronan, urea, age

1

All values are medians. Except for these values, which were taken from Ref. [11], all other values are from Ref. [42]. APRI: AST to platelet ratio index; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase, γGT: γ-glutamyltransferase.

cirrhosis but do not distinguish well early and inter
mediate stages of fibrosis, a problem shared with the
[3,13]
past “gold standard” - LB
.
However, some novel experimental markers hold
promise of improving this noninvasive diagnostic ability
in the near future.
The biomarkers can be divided into direct and
indirect markers. Direct biomarkers reflect the
changes in the ECM structure, including markers of
ECM turnover, fibrogenesis, and fibrolysis. Indirect
biomarkers are related to liver damage and/or decline
in liver function, during the development of fibrosis
and cirrhosis. They have also been called class I (direct)
[14]
and class Ⅱ (indirect) biomarkers . For the sake of
clarity, we will discuss established and experimental
markers separately.

Established serum markers

AST/ALT ratio: ALT and AST commonly misnamed
“Liver function tests” are actually “Liver damage
tests”, as they are released from damaged cells. Taken
together, they yield much more information than each
one alone.
[15]
De Ritis et al
proposed the AST/ALT ratio in
1957, only 2 years after these tests were described.
Williams and Hoofnagle from the National Institutes of
Health (NIH) described very similar findings in 1988:
“In the majority of cases of chronic viral hepatitis,
the AST/ALT ratio was less than 1.0. However, there
was a statistically significant correlation between the
AST/ALT ratio and the presence of cirrhosis. Among
100 patients with chronic type B hepatitis, the mean
AST/ALT ratio was 0.59 in those without cirrhosis and
1.02 in those with cirrhosis. Furthermore, the AST/ALT
ratio often rose to greater than 1.0 when cirrhosis first
became manifest. Thus, the finding of an AST/ALT
ratio of greater than 1.0 in a patient with nonalcoholic
liver disease should suggest the presence of cirrhosis.
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In addition, the use of the AST/ALT ratio as a means
of separating alcoholic and nonalcoholic liver disease
must be tempered with the knowledge that this ratio
may be less helpful in the presence of cirrhosis”.
Testa’s group from Genoa showed in 1999 that an
AST/ALT ratio of < 1 correctly classified 170 patients
suffering from chronic hepatitis, and misclassified
seven patients suffering from cirrhosis as suffering
from chronic hepatitis. Thus, a ratio < 1 rules out
cirrhosis with a great degree of certainty. The AST/ALT
ratio performed less well among 171 cirrhotics; indeed,
130 had a ratio > 1, but 41 had a ratio of < 1. There
was also a strong correlation between the De Ritis
index and monoethylglycinexylidide (MEGX) formation,
[16]
and indocyanine green (ICG) clearance .
It is fascinating to note that 16 years later, in the
European Association for the Study of the Liver (EASL)
2015 postgraduate course, one of the take home
messages was identical: “Simple and complex serum
based tests have > 90% predictive value for excluding
[17]
cirrhosis, though are poorly predictive of cirrhosis” .
[18]
McPherson et al , from Newcastle upon Tyne
found that the De Ritis index could avoid LB in 69%
of NAFLD patients and had a negative predictive
value (NPV) to exclude advanced fibrosis of 95% at a
cutoff of 0.8. The other scores, the Bard, the Fibrosis
4 (OFIB-4), and NAFLD fibrosis score, also performed
very, well saving 38%-62% of biopsies.
APRI: stands for AST-Platelet Ratio Index. It is
calculated in the following way: APRI = [AST level (/
9
ULN)/Platelet counts (10 /L)] × 100 and is one of the
simplest marker panels that can diagnose significant
[19]
fibrosis and cirrhosis with acceptable accuracy .
It has been extensively evaluated in HCV. A metaanalysis including 40 studies and a total of 8739 HCV
patients showed that APRI had an area under the
receiver operating characteristic (AUROC) of 0.77 for
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the diagnosis of significant fibrosis (≥ F2), 0.80 for
[20]
severe fibrosis (≥ F3), and 0.83 for cirrhosis . Similar
results for cirrhosis were found for a group of chronic
[21]
HBV patients . Recent studies indicate that APRI was
comparable to other, more complex established panels
[22,23]
in excluding advanced but not moderate fibrosis
.
In a comparison of four tests (FibroTest, APRI, FIB-4,
and Forns’ Score) before and after telaprevir treatment
of 1208 chronic HCV patients, APRI showed the
[24]
most significant decrease , confirming the validity
[25,26]
of this test found in previous studies
. A metaanalysis of 22 studies (n = 4266) showed that the
summary AUROCs of APRI for significant fibrosis
and cirrhosis were 0.76 [95% confidence interval
(CI), 0.74-0.79] and 0.82 (95%CI: 0.79-0.86),
respectively. For significant fibrosis, an APRI threshold
of 0.5 was 81% sensitive and 50% specific. At a 40%
prevalence of significant fibrosis, this threshold had a
NPV of 80% and could reduce the necessity for liver
biopsies by 35%. For cirrhosis, a threshold of 1.0 was
76% sensitive and 71% specific. At a 15% cirrhosis
[27]
prevalence, the NPV of this threshold was 91% .
The World Health Organization(WHO) guidelines
on the assessment of the degree of liver fibrosis
and cirrhosis in hepatitis C patients suggested that
“In resource-limited settings, the aminotransferase/
platelet ratio index (APRI) or FIB-4 tests be used for
the assessment of hepatic fibrosis rather than other
noninvasive tests that require more resources such
as elastography or Fibrotest”. (of note, this was a
conditional recommendation, based on low quality of
[28]
evidence) .
NAFLD, firmly established as a clinical entity only in
[29]
1979 , is rapidly becoming the most prevalent liver
disease in affluent society. Because it is asymptomatic
and lacks serological markers, its onset and course
are even more insidious than viral and autoimmune
liver diseases. Thus, an ultrasound (US) scan of the
liver is the first diagnostic step. However, as shown
by Tapper’s group from Boston on 358 patients with
biopsy proven NAFLD, 17.6% of patients diagno
sed with steatosis also suffer from “biopsy proven”
advanced fibrosis, and 16.7% (one in six) of the
patients without US detected steatosis had advanced
nonalcoholic steatohepatits (NASH), defined as an
NFALD activity score (NAS) score > 4. Clearly, US
alone does not suffice, and the authors recommended
adding APRI. An APRI value > 1 was the most
significant predictor of advanced fibrosis in the study
population. The predictors of having advanced NASH
are being female, having a body mass index (BMI) of
> 30, and an AST > 40. In indeterminate cases, a LB
[30]
should be seriously considered .
[31]
In 2015, Xiao et al
from Chengdu compared
APRI and FIB-4, the two most validated noninvasive
indices, in a meta-analysis of 39 articles with 9377
hepatitis B patients. For the diagnosis of cirrhosis, APRI
had an AUROC of 0.726, and FIB-4 had an AUROC of
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0.844. The authors concluded that APRI and FIB4 can
identify HBV related fibrosis with moderate sensitivity
and accuracy.
FIB-4: Is a combination of four simple variables: AST,
ALT, age, and platelet count. It is calculated with the
following formula:
The FIB-4 index = [age (years) × AST (IU/L)]/
9
1/2
[platelet count (10 /L) × ALT (IU/L)] .
It was initially evaluated in human immunodeficiency
[32]
virus (HIV)/HCV coinfected patients . FIB-4 performed
similarly to FibroTest in the diagnosis of advanced
[33]
fibrosis and cirrhosis in HCV patients , and also in a
[34]
more recent study of 89 HBV and HCV patients . It
was also comparable to APRI, with AUROCs around
[35]
[23]
0.8 , and of 0.73 in a recent study of 388 patients .
Fibrotest: “Fibrosure in the US” patented by Bio
predictive, Paris, France is probably the most vali
dated of the established panels. It is a proprietary
combination of five serum biochemical markers (alpha2-macroglobulin, apolipoprotein A1, haptoglobin, γ-glut
amyltranspeptidase, and bilirubin) that are altered with
[36]
liver fibrosis . Its score is correlated with the degree of
liver damage. A meta-analysis of eight studies, including
1842 patients, showed a median AUROC of 0.84
[37]
for the diagnosis of advanced fibrosis , confirming
previous studies that indicated the validity of the test
for the diagnosis of advanced fibrosis and cirrhosis
[38]
but not of mild or intermediate fibrosis . Scores may
be influenced by acute inflammation, which leads to
increases in serum α 2-macroglobulin and haptoglobin
[39]
levels . Reduction in the Fibrotest score was also
[25,40]
observed after treatment of patients
, although in
a recent study the change was not as significant with
[24]
Fibrotest than with other tests .
The Forns index combines four simple variables:
platelet count, cholesterol levels, age, and gamma
[41]
glutamyltransferase (GGT) . In a recent review of
22 studies, the median AUROC obtained for significant
fibrosis for the Forns index was 0.76 for significant
fibrosis and 0.87 for cirrhosis, similar to that obtained
[42]
with APRI . The score was also reduced significantly
[24,25]
during antiviral treatment
.
Hyaluronan is a high molecular weight glycosami
noglycan that is found in the ECM. It enters the
circulation during ECM turnover and is rapidly taken up
and degraded in the liver through hepatic endothelial
cells. Elevated HA levels may reflect increased pro
duction of HA, or reduced clearance of circulating HA
and, therefore, may correlate with inflammatory activity
and fibrosis. In chronic HCV patients, the AUROC of HA
[43]
was 0.79 for cirrhosis
but was less satisfactory for
less severe fibrosis. The AUROC was 0.72 in a recent
[34]
study of 89 patients .
Hepascore combines HA with several other para
meters: bilirubin, GGT, alpha-2 macroglobulin, age, and
[44]
gender . The AUROC for diagnosis of cirrhosis was
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Table 2 Diagnostic accuracy of selected experimental serum
markers

fibrosis are at the edge of replacing liver histology as
[48]
the gold standard, at least for hepatitis C .

Marker

Prognosis

Sensitivity

Specificity

AUROC

Experimental serum markers

PIIINP

Significant fibrosis
Cirrhosis
Significant fibrosis
Cirrhosis
Significant fibrosis
Cirrhosis
Significant fibrosis
Cirrhosis
Significant fibrosis
Advanced fibrosis
and cirrhosis

74
64
70
63
78
80
66
91
65
-

75
66
73
73
81
71
72
65
85
-

0.72
0.76
0.81
0.80
0.71
0.90
0.79
0.86

PINP
YKL-40
TIMP
sH2a + ALT1

1

Except for these values, which were taken from Ref. [87], all other values
are medians from Ref. [11]. PⅢNP: N-terminal pro-peptide of collagen type
Ⅲ; PINP: N-terminal propeptide of collagen type Ⅰ; TIMP: Tissue inhibitor
of metalloproteinase; sH2a: Soluble H2a; ALT: Alanine aminotransferase.

high, 0.89, but it was not better than other tests for
[42]
significant fibrosis .
Fibrometer, patented by Echosens (Paris, France)
combines glucose, AST, ferritin, platelet, ALT, body
[45]
weight, and age by a proprietary formula . In a
recent review, the median AUROC for Fibrometer was
[42]
0.82 for significant fibrosis and 0.91 for cirrhosis ,
better when compared directly with APRI and
FibroTest. It also showed improvement during antiviral
[25]
treatment .
Cirrhometer, patented by Echosens combines the
same parameters as Fibrometer but with specific
coefficients targeted for the diagnosis of cirrhosis and
was developed by the same group of investigators
[46]
from Angers, France. Boursier et al
from that group
published a long term (mean of 9.5 years) follow up of
373 patients, amounting to 3508 person years. FIB-4,
APRI, and Fibrometer at baseline were actually better
than a Metavir fibrosis score at baseline at predicting
serious liver related events. Cirrhometer was the only
predictor of liver related death. Combining Fibrometer
and Cirrhometer yielded a better index than Metavir
fibrosis score, FIB4, APRI, Fibrotest, and Hepascore.
This is an important paper because of two reasons:
first, it shows that serum markers can be better than
biopsy, and second, it does not compare the different
parameters at one point in time but follows a group
of patients longitudinally and then, at the end of
follow up, determines which parameters were better
prognosticators. These kinds of long term follow up
longitudinal studies will most probably yield better
prognosis, because until now most studies compared
a non-invasive marker against an imperfect standard.
Still, as the authors themselves acknowledge, the
Fibrometer and Cirrhometer need to be further
evaluated.
It has been proposed that combination of several of
the tests mentioned above could reduce the need for
[47]
biopsy . Non-invasive markers for the staging of liver
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Direct experimental markers: Most of the expe
rimental serum markers proposed for the diagnosis of
fibrosis and cirrhosis are direct markers related to ECM
metabolism. They can be classified as experimental
as they are still not widely accepted clinically. The
large increase in collagen synthesis by activated
HSCs can be an indicator of the fibrogenic process.
Collagen is synthesized as a precursor with propeptide
[49]
extensions at both the N- and C-terminal ends .
Before collagen deposition in the ECM, the propeptides
are cleaved by N- and C-terminal proteases. The
N-terminal pro-peptide of collagen type Ⅲ (PⅢNP)
has been the subject of many studies as a marker of
[50,51]
liver fibrosis
. It was reported to detect cirrhosis
with a sensitivity of about 94% and specificity of
[52]
about 81% , although other studies showed lower
values (Table 2). In a recent study comparing pediatric
and adult HCV patients, a significant correlation with
advanced fibrosis was obtained in adults (AUROC
[53]
0.894) but not in children . Procollagen type Ⅲ
amino terminal peptide (PⅢNP) levels are elevated in
hepatitis and correlate with aminotransferase levels,
and it is more likely a marker of inflammation than of
[54,55]
fibrosis
. The main problem with PⅢNP, as well as
with all other ECM-related markers, is that they are
not specific for the liver, and their increase can reflect
fibrosis or inflammation in other organs. The N-terminal
propeptide of collagen type Ⅰ (PINP) has also been
studied for the diagnosis of liver fibrosis, but similar
[56]
to PⅢNP, it may also relate more to inflammation .
Type Ⅳ collagen levels have also been correlated to
[57]
liver fibrosis . The glycoprotein YKL-40, involved
[58]
in remodeling of the ECM , is expressed in liver
tissue, particularly in HSCs. Serum concentrations of
YKL-40 correlated with other ECM-related markers,
such as PⅢNP and HA. Several studies have shown
elevated YKL-40 concentrations in the sera of patients
with liver diseases. An AUROC of 0.81 was reported
[59]
for advanced fibrosis in HCV patients . As with
other ECM components, YKL-40 can also originate in
[60]
tissues other than the liver . Laminin levels have
also been evaluated for diagnosis of fibrosis, and in a
recent study of 87 patients with chronic HBV, it gave
71.9% sensitivity and 80.0% specificity for significant
[61]
fibrosis .
As mentioned above, some cytokines mediate
hepatic fibrogenesis and have been investigated as
potential markers of fibrosis. TGF-β stimulates ECM
synthesis in HSCs. TGF-β levels correlate with the
presence of liver fibrosis in patients with alcoholic liver
[62]
disease (ALD) and HCV , and in a recent study, the
[53]
AUROC obtained for advanced fibrosis was 0.835 .
[63]
TNF-α was associated with fibrosis in ALD
and in
[64]
chronic HBV patients . Platelet-derived growth factor
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(PDGF) has also been proposed as a potential marker
[65]
for fibrosis progression . Connective tissue growth
factor (CTGF) is synthesized by HSCs and hepatocytes
and is strongly dependent on TGF-β[66,67] and is also
[66]
related to the fibrogenic process . Its levels also
correlate with fibrosis and are decreased in cirrhosis,
when fibrogenesis is finally reduced. In studies of
CTGF, it gave an AUROC for cirrhosis and fibrosis of
[68]
0.955 and 0.887, respectively .
The fibrolytic process in the liver is reflected by the
serum levels of MMPs and TIMPs. MMP-1 concentrations
decrease, while TIMP-1 levels increase during fibrosis
[69]
in HCV patients . TIMP-1 and MMP-2 (secreted by
activated HSCs) correlate well with cirrhosis but the
[69-71]
correlation with fibrosis is less clear
.
Indirect experimental markers: Recently, indirect
experimental markers have been described and
evaluated. Markers of cell damage and death include
CK18, evaluated in a group of 143 alcoholics, which
[72]
could predict severe fibrosis with an AUROC of 0.84 .
Release of Golgi protein-73 (GP73) was measured
in two studies involving 229 and 296 patients with
different types of liver disease, showing an AUROC
of 0.9 for cirrhosis but much less significant results
[73,74]
for fibrosis
. In a study including 111 individuals
with NAFLD, ferritin levels were measured, giving an
AUROC of 0.87 for advanced fibrosis and cirrhosis
in combination with the BMI. Indicators of oxidative
stress, such as malondialdhyde (MDA) and superoxide
dismutase (SOD), were found to correlate with
fibrosis in a study involving 150 HCV patients, giving
AUROCs of 0.9 and 0.8, respectively, for advanced
fibrosis and cirrhosis. Again, as mentioned above,
the main drawback of all these markers is the lack of
liver specificity, as they can be released from other
damaged tissues. Interferon (IFN)-L3 expression was
reported to be somewhat more restricted to the liver
[75]
upon viral infection . Changes in IFN-L3 levels were
reported to correlate with the response to HCV. In
a recent study of 119 chronic HCV patients, serum
[76]
IFN-L3 increased with advanced fibrosis .
An empiric approach has been used in several
studies to find differences in the proteome with the
development of fibrosis and cirrhosis. In this way,
a series of potential markers was identified, e.g.,
microfibril-associated protein 4 (MFAP-4), which gave
an AUROC of 0.97 for cirrhosis and 0.76 for advanced
[77]
fibrosis . Other identified possible markers in a
study of chronic hepatitis C patients were alpha 2
macroglobulin (A2M)/hemopexin with AUROC 0.80
for the detection of significant fibrosis and 0.92 for
[78]
advanced fibrosis . Also identified in another study as
a potential marker was vitamin D binding protein (VDBP)
in addition to the established A2M and apolipoprotein
[79]
(AI) . Similarly, differences in the glycome of
patients were investigated. Analyzing binding of serum
glycoproteins to a panel of multiple lectins, 183 chronic
HCV patients were tested, giving an AUROC of 0.80
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for significant fibrosis; 0.88 for severe fibrosis; and
0.93 for cirrhosis, higher than those obtained in direct
[80]
comparison with several established markers . In
a different glycomic approach, the serum N-glycome
of 128 chronic HBV patients was analyzed using DNA
sequencer-assisted fluorophore-assisted carbohydrate
electrophoresis (DSA-FACE). Selected peak ratios gave
correlation with fibrosis, obtaining AUROC of 0.675,
0.736, and 0.754 in the diagnosis of significant fibrosis,
[81]
advanced fibrosis, and early cirrhosis, respectively .
These empiric -omic approaches have the drawback of
the complexity of the analysis.
Finally, a series of experimental markers have been
identified that are liver specific, an attribute that holds
promise for a more specific diagnosis. In a recent
study of 293 HBV patients, serum transferrin levels
were lower in advanced fibrosis and cirrhosis (F3, F4)
than in mild fibrosis (F1, F2). There was, however,
an increase in F1, F2, so the difference between
[82]
no fibrosis (F0) and F3, F4 was very small . The
serum levels of complement C3 and C4 beta chains
(synthesized in the liver), analyzed by two dimensional
gel electrophoresis were found to decrease in HCV
[83]
patients with cirrhosis . The hepatocyte levels of the
asialoglycoprotein receptor are significantly reduced
[84,85]
with fibrosis and cirrhosis
. A soluble form of this
receptor (sH2a) is secreted to the plasma and showed
very constant levels in healthy individuals and a
[86]
significant, 3 fold decrease in cirrhosis . A study in
HCV patients yielded an AUROC of 0.72 for advanced
fibrosis. In a combination with ALT, the AUROCs were
0.86 for advanced fibrosis and cirrhosis and 0.79 for
[87]
significant fibrosis .

EVALUATION OF LIVER FIBROSIS BY
IMAGING METHODS
Magnetic resonance imaging

Magnetic resonance imaging (MRI) is used routinely
to assess cirrhosis and its complications. However,
detection of less advanced stages of fibrosis is more
challenging, and several novel MR imaging techniques
[88]
were used for this purpose .

Established modalities

Conventional MRI: Morphologic changes related
to cirrhosis can be evaluated with conventional MRI.
Macro-structural changes include surface nodularity,
widening of fissures, expansion of the gallbladder
fossa, notching of the right lobe, and enlargement
of the lateral segments of the left lobe and caudate
lobe. Parenchymal changes include fibrotic septa and
bridges, regenerative nodules, and siderotic nodules
or steatotic nodules. Other notable changes in some of
the cases are related to portal hypertension, including
splenomegaly, porto-systemic varices, ascites, and
bowel wall thickening. Administration of intravenous
(iv) contrast material improves the visibility of fibrosis
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and cirrhosis-related changes and complications of
cirrhosis. Fibrosis has a specific enhancement pattern
with peak enhancement at the late phases (venous/
equilibrium phases). This distinctive enhancement
pattern and the reticular appearance enable the
differentiation of it from other vascular lesions related
[89]
to cirrhosis (e.g., arterio-portal shunts, HCC) .

Innovative techniques

MR elastography: Similar to sonographic transient
elastography (TE), MR elastography is based on the
fact that the velocity and wavelength of the wave
propagating in the tissue increases as the stiffness of
the medium increases, e.g., the fibrotic liver. Specific
software and hardware are required to perform
MR elastography. A driver device is placed over the
patient’s right upper abdomen and generates acoustic
pressure waves at 40-120 Hz. These waves create
shear waves in the liver. The images depict the
propagating mechanical wave and a specific algorithm
generates a quantitative stiffness map.
In several studies, MR elastography detected
advanced fibrosis and cirrhosis in NAFLD patients
and chronic hepatitis B patients. The quantitative
assessment correlated significantly with the stage
of fibrosis. It also proved to be an efficient tool for
differentiating lower and higher grades of cirrhosis.
Compared with other MRI techniques, MR ela
stography is more sensitive for the assessment of liver
fibrosis and cirrhosis compared with morphological
features detected with conventional MRI. It has also
much higher inter-observer agreement compared with
MRI and diffusion weighted images (DWI). As opposed
to ultrasonography, MR elastography is not affected
by lack of acoustic window, obesity or presence of
ascites and it is not operator dependent. Huwart et
[90]
al
showed that MR elastography is more accurate
than US elastography, APRI, or a combination of both,
and its coefficient repeatability was better than US
elastography.
In a meta-analysis of 12 studies done by Singh
[91]
et al
using LB as a standard, MR elastography
was found to be highly accurate for the diagnosis
of advanced fibrosis independent age, sex, BMI,
inflammation, and etiology of the liver disease.
Limitations of MR elastography are its cost and
the fact that it is time consuming. Liver stiffness
may be affected also from hepatic iron overload,
steatosis, vascular congestion, cholestasis, and portal
hypertension. In these cases, the accuracy of MR
[90-100]
elastography may be altered
.
T1 mapping of the liver: In this method, T1 relaxation
time images are acquired and T1 maps are created
[101]
using the scanner’s software. Haimerl et al
showed
that T1 maps after the administration of liver specific
contrast medium (Gd-EOB-DTPA) correlated with the
stage of cirrhosis, but no correlation was found between
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fibrosis and the non-contrast enhanced images. Other
[102]
[103]
studies by Allkemper et al
and Rauscher et al
found a correlation between cirrhosis and T1 relaxation
times in non-contrast enhanced MR.
[104]
A study by Banerjee et al
used T1 mapping
for assessment of fibrosis, 1H MR spectroscopy
for quantifying lipid content, and T2* sequence for
assessing iron overload. An algorithm created an iron
corrected T1 value, removing the effect of elevated
iron on the T1 value. MR values were compared to
the histology data. The corrected T1 value identified
fibrosis with sensitivity of 86% and specificity of
93% and correlated strongly with different stages
of fibrosis, except for an overlap between mild and
moderate fibrosis. Additionally, 1H MR spectroscopy
correlated strongly with hepatic steatosis. Hepatic iron
content had a strong negative correlation with T2*. In
this study, the data for all three parameters- fibrosis,
steatosis and iron content- was acquired in a 23 min
[101-104]
scan
.

Experimental techniques

Reticuloendothelial specific contrast agents: Few
studies have been performed with reticuloendothelial
system-specific contrast agents. Superparamagnetic
iron oxide (SPIO) causes signal drop in the hepatocyte
containing liver parenchyma, and as a consequence,
it increases the conspicuity of the detection of fibrotic
tissue that is less affected by this contrast agent.
Other studies investigated the double contrast
enhanced MRI technique. This technique combines a
gadolinium based contrast agent and SPIO in the same
study. The synergistic effect of both contrast agents
increases the visibility of the fibrotic tissue and helps
in differentiating advanced hepatic fibrosis from mild
fibrosis. This technique also enabled the quantification
of liver texture and its correlation with the stage
of fibrosis. However, these contrast agents are not
[105-109]
clinically available anymore
.
Susceptibility-weighted MRI: Susceptibility-weighted
imaging is a gradient echo sequence with increased
sensitivity to the presence of iron, hemoglobin, and
calcifications. Measurement of liver to muscle signal
intensity ratio was shown to correlate with liver fibrosis
[110]
with high inter-observer agreement .
Diffusion weighted MRI: DWI sequences assess
the ability of protons to diffuse within a tissue.
This sequence is being used routinely for oncology
purposes. The apparent diffusion coefficient (ADC)
map is a calculated map derived from the DWI
images and correlates with the proton’s diffusion
ability. Preliminary studies using various hardware
and different sequences have attempted to correlate
between the reduced ADC value that appears in
fibrosis and the degree of fibrosis, but the results were
[111]
not consistent. In studies by Razek et al
and Lewin
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[112]

et al
, DWI correlated with fibrosis in children and
adults. In another study, DWI correlated with stages
of fibrosis with sensitivity of 75%-85% (depends on
the stage of the fibrosis) and specificity of 68%-94%.
In this study, the ability to identify fibrosis was
significantly higher for MR elastography than DWI.
The limitations of DWI in the assessment of fib
rosis are due to the fact that diffusion is affected by
perfusion changes, hepatic steatosis, presence of iron
in the tissue, and inflammatory changes. Moreover,
the sequence is sensitive to susceptibility and motion
related artifacts; and since the quantitative analysis is
[89,93,111,112]
based on the images, it is also very limited
.
Perfusion MRI: Parenchymal changes in fibrosis
cause gradual obliteration of intrahepatic vessels and
sinusoids and slow the passage of blood within the
parenchyma. In addition, in portal hypertension, portal
flow to the liver decreases and arterial flow takes
place. These kinetic flow changes related to fibrosis
and cirrhosis can be assessed with dynamic contrast
enhanced MRI. This technique was shown to be
reliable in the staging of liver fibrosis in patients with
chronic hepatitis.
Limitations of the study are related to the fact that
perfusion is affected also by the cardiac status, fasting
state, hepatic congestion, inflammation, liver masses,
and hepatic portal venous flow, and, therefore, the
kinetic changes are not reflecting the fibrosis exclusively.
Image analysis is a time consuming process; and image
quality is not sufficient for assessment of nodules,
resulting in two injections of contrast material during
[89,113,114]
the scan
.
MR spectroscopy: Assessments of liver fibrosis
using MR spectroscopy achieved non-uniform re
sults in different studies. PDE (phophodiester) can
be measured by MR spectroscopy with sensitivity
and specificity of 81% and 69%, respectively, for
differentiating advanced from mild fibrosis. A study
[96]
by Godfrey et al
showed poor correlation between
the phosphomonoester:phophodiester (PME:PDE)
ratio and the stage of cirrhosis. The limitations of this
technique are that it is time consuming and requires
[115,116]
special hardware and software
.

Computed tomography

Morphological liver changes, signs of cirrhosis and
signs of portal hypertension can be detected by
computed tomography (CT, splenomegaly, collateral
venous circulation, and enlarged portal vein), but CT is
less sensitive for less advanced cirrhosis.
Perfusion CT: Perfusion CT may help differentiate
minimal fibrosis from intermediate fibrosis in patients
with chronic liver disease. Mean transient time is
the most sensitive parameter, but there is still large
overlap between the different parameters.
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Fibro CT: An experimental processing method of
conventional CT scan images, which are analyzed by
additional software. Optical analysis of CT images of
the liver utilizing this technique detected the stage
and distribution of liver fibrosis in patients with chronic
[117,118]
hepatitis C
.

OTHER PHYSICAL METHODS
Ultrasonography

Conventional US: US is a widely available and low
cost modality that has no ionizing radiation, allowing
for repeated examinations. For these reasons, it is
often performed as the initial modality for evaluation
of patients with suspected diffuse liver disease and for
non-invasive diagnosis of liver fibrosis.
US findings that suggest progression of fibrosis
in patients with chronic liver disease include altered
parenchymal echogenicity with coarsened echotexture
and surface nodularity that reﬂects the presence of
regenerative nodules and ﬁbrous septa. As cirrhosis
progresses, characteristic hypertrophy of the caudate
and lateral segment with volume loss of the right lobe
of the liver is observed, while in the advanced phase
[119]
liver atrophy is complete . These findings may lack
high sensitivity and specificity, and liver morphology
may be normal in the early stage of cirrhosis.
In a prospective comparative study of 85 patients
with histologically assessed liver conditions, fibrosis
was reliably detected on US examination with a
[120]
sensitivity of 57% and a specificity of 88% .
Several studies have evaluated the performance of
US features. Early studies of US criteria accuracy found
that by using a ratio of transverse caudate lobe width
to transverse right lobe width, cirrhotic livers could be
separated from non-cirrhotic liver with a sensitivity
of 84%, a specificity of 100%, and an accuracy of
[121]
94%
. A later study examined the performance of
a 2 (nodularity and portal velocity) or 7 (nodularity,
portal velocity, liver size, caudate hypertrophy,
echogenicity, portal vein diameter, and spleen size)
component score for the diagnosis of cirrhosis. The
sensitivity was 82.2% and 78.7%, while specificity
was 79.9% and 80.1%, respectively. Liver surface
nodularity is considered one of the most sensitive and
more reproducible US signs when associated with
[122,123]
reduction in portal velocity
.
In a more recent study, three US parameters were
investigated, liver surface nodularity, caudate lobe
hypertrophy, and pattern of hepatic venous blood flow,
and compared to histological findings on LB. Hepatic
surface nodularity was shown to be the most direct
sign of advanced fibrosis, with reported sensitivity and
specificity of 54% and 95%, respectively. The addition
of other signs, such as caudate lobe hypertrophy,
increased the sensitivity but diminished the specificity
[124]
of US .
Doppler and US can also detect the development
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of portal hypertension by measuring portal vein
diameter, which should not exceed 13 mm in quiet
respiration, velocity of flow, hepatofugal flow, ascites,
and splenomegaly.
Contrast enhanced US: Contrast enhanced US (CEUS)
is used in the characterization of liver tumors. However,
in recent years, it has also been used to evaluate
liver fibrosis, because of changes in intra hepatic
microcirculation (intrahepatic shunts) that can occur
in chronic liver diseases with fibrotic evolution. Several
measurements have been performed, the arrival time in
hepatic veins (HVAT) or more recently the intrahepatic
transit time (ITT), which is defined as the time delay
between the arrival of contrast in the portal vein and in
the hepatic vein, the latter considered as an improved
parameter in several studies. In one study, an arrival
time of contrast in the hepatic vein below 17 s had
100% sensitivity and 93% specificity for cirrhosis, the
HVAT being significantly shorter in cirrhotic patients
than in noncirrhotic individuals (chronic liver disease
[125,126]
and controls patients)
.
Although HVAT measurement is simple, it has some
limitations, e.g., cases with extrahepatic shunts. Staub
[126]
et al
used a cut-off of 13 s for the transit time and
made the diagnosis of severe ﬁbrosis with a speciﬁcity
of 78.57%, a sensitivity of 78.95%, a positive
predictive value of 78.33%, an NPV of 83.33%, and a
[127,128]
performance accuracy of 78.79%
.
CEUS requires additional expertise and adds
cost, and this may limit its availability for the routine
detection of cirrhosis
Elastography: In the last two decades new US-based
methods have been developed. Fibrosis in the liver, as
in other tissues, determines a reduction in elasticity
or an increase in stiffness. US elastography that can
evaluate the tissue stiffness permits a non-invasive
[129-131]
estimation of liver fibrosis
. There are two types
of US elastography, strain elastography (SE), also
named real time elastography (Hi-RTE), and shear
wave elastography (SWE). SE is a qualitative technique
and evaluation of the tissue stiffness is obtained
after manual compression. SWE is a technique that
provides a quantitative measure of stiffness, expressed
in meters per second (the shear wave speed) or
in kilopascals (Young’s Modulus) after an acoustic/
mechanical pulse induced by the machine itself.
Among SWE methods, TE (Fibroscan) is the only
non-imaging method, while Acoustic Radiation Force
Impulse (ARFI) (Siemens, Erlangen, Germany and
Philips) and 2D-Real Time Shear Waves Elastography
(2D-SWE) (Aixplorer system, Supersonic Imagine,
Aix-en-Provence, France) are both imaging methods
implanted in US machines.
Real-time elastography - Hi-RTE or SE: Realtime elastography is integrated in a US machine
(Hitachi Medical Systems Europe Holding AG, Zug,
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Switzerland) and is technically different from SWE
methods. Hi-RTE relies on tissue deformation induced
by operator pressure. Recently, a new linear probe
was used to assess the liver parenchyma while the
internal compression produced by the heartbeat was
considered to stress the tissue.
Hi-RTE is a qualitative method used to assess liver
fibrosis, where stiffness is given in the color scale or
the semi-quantitative method based on the ratio strain
between two regions of interest (ROI). The first data
regarding chronic hepatitis evaluated by RTE was
published by Friedrich-Rust. RTE was performed in 79
patients with chronic viral hepatitis and compared with
histological score after LB. The diagnostic accuracy
was 0.75 for the diagnosis of significant fibrosis (fibrosis
stage according to METAVIR score > or = F2), 0.73 for
[131]
severe fibrosis (F > or = F3), and 0.69 for cirrhosis .
Tatsumi performed Hi-RTE in 119 patients with chronic
liver disease and compared the results with LB, TE,
and serum markers. The levels of liver strain measured
by real-time TE correlated well with liver stiffness. HiRTE showed a negative correlation with fibrotic stages
and TE findings, suggesting that RTE is a better test
[132]
than TE
. A very recent study was conducted by
Meng in which real-time tissue elastography (TE)
and LB were performed in 166 patients with chronic
hepatitis B and compared with TE. They found that
real-time TE has diagnostic performance similar to that
[133]
of TE in the assessment of liver fibrosis
. Colombo
conducted a study that evaluated 45 patients with
chronic liver diseases and 27 normal subjects and
compared three elastographic methods: TE, ARFI, and
Hi-RTE. The AUROCs for predicting significant fibrosis
(F ≥ 2) for TE, RTE, and ARFI were 0.89, 0.75, and
0.81, respectively (TE was significantly better than
RTE, and there was no significant difference between
TE and ARFI nor between ARFI and RTE). The AUROCs
for predicting liver cirrhosis (F = 4) for TE, RTE, and
ARFI were 0.92, 0.85, and 0.93 respectively with no
[134]
significant difference between the three curves .
TE: TE is a novel method, and the ﬁrst clinical data
using this technique was published in 2003.
TE (Fibroscan; Echosens, Paris, France) was the
ﬁrst US-based elastographic method to evaluate
elasticity by measuring the velocity of elastic shear
waves in parenchyma generated by a mechanical
push. An Ultrasonic M mode transducer is placed
above the right lobe of the liver through an intercostal
space and produces a mechanical vibration that
generates elastic shear waves that propagate through
the tissue. The propagation is followed by pulse-echo
US acquisitions, and velocity of the waves is measured
and expressed in kilopascals. The velocity of the waves
correlates directly with the elasticity of the tissue. The
stiffer the tissue, the faster the shear wave propagates.
The examination is performed on a non-fasting patient
lying on dorsal decubitus with the arm in maximal
abduction, and the measurement is taken in the right
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intercostal space. TE is rapid, easy to perform, and
well-tolerated by patients with results immediately
available. The technique is operator-independent. Liver
stiffness is computed as the median of 10 validated
measurements in accordance with manufacturer
instructions. Measurements with an interquartile range
of less than 30% of the median value and a success
rate of greater than 60% are considered reliable.
Several studies have demonstrated the reproducibility
[135,136]
of the method
.
TE was first validated for liver ﬁbrosis evaluation in
patients with chronic hepatitis C and later evaluated in
[137-141]
other etiologies of chronic diffuse liver diseases
.
All these studies have demonstrated that there is no
specific cut-off to discriminate liver fibrosis and that it
varies according to the etiology of liver disease. Many
studies showed that TE is highly sensitive and can
differentiate between the absence and mild fibrosis
from significant fibrosis and cirrhosis but is not accurate
enough to differentiate among stages of mild fibrosis,
especially between F0-1 and F2. Using a cut-off value of
[142]
6.6 kPa, Sporea et al
reached the best discrimination
between absence of fibrosis/mild fibrosis (F < 2) and
the presence of moderate to severe fibrosis (F ≥ 2). In
[143]
the meta-analysis by Friedrich-Rust et al , the mean
AUROC in HCV patients was 0.84 with a suggested
optimal cut-off of 7.6 kPa for detecting significant
fibrosis (F ≥ 2), and the mean AUROC was 0.94 with an
optimal cut-off of 13 kPa for predicting cirrhosis. A more
[140]
recent meta-analysis published by Tsochatzis et al
included 40 studies and patients with diverse etiologies
of chronic liver disease (chronic hepatitis B, C, alcohol,
and other causes of cirrhosis). Data regarding patients
with chronic hepatitis C were extracted from 14 studies,
and the summary sensitivity and specificity were
0.78 and 0.80, respectively, for predicting significant
fibrosis. Data regarding patients with chronic hepatitis
B were extracted from four studies, and the summary
sensitivity was 0.84 and the summary specificity was
0.78. In this analysis for predicting liver cirrhosis (F4
on biopsy), the summary sensitivity was 0.83 and the
summary specificity was 0.89, and the mean optimal
cut-off was 15.0 ± 4.1 kPa (median 14.5 kPa). The
summary sensitivity and specificity for predicting
significant fibrosis were 0.79 and 0.78, respectively. The
mean optimal cut-off was 7.3 ± 1.4 kPa (median 7.2
kPa).
Recently the European Federation of Societies for
Ultrasound in Medicine and Biology (EFSUMB) issued
guidelines in which values above 6.8-7.6 kPa in chronic
viral hepatitis may indicate the presence of significant
fibrosis (F ≥ 2) with a high probability, while the range
[144]
11.0-13.6 kPa may indicate a cirrhotic stage (F = 4) .
EASL guidelines indicate that TE can be used to assess
liver fibrosis (level of recommendation A2) in patients
[145]
with chronic hepatitis C .
TE can also be used to predict complications of
cirrhosis, such as portal hypertension, or can have
[146-148]
a role in the post-transplant setting
. The limi
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tations of TE include the requirement for expensive
equipment, and lack of standardized cutoffs for
diagnosis of fibrosis stages. Moreover, TE cannot be
performed in patients with obesity and ascites because
of poor penetration.
In the last few years, other US-based SWE me
thods have been used, integrated into conventional US
equipment, enabling visualization of tissue along with
assessment of tissue elasticity.
Supersonic shear wave elastography or 2D SWE:
Supersonic shear wave elastography (SSWE) use
acoustic radiation force to induce microscopic tissue
movements, producing shear wave in the tissue. In
SWE methods, in contrast with RTE, deformation force
and tissue deformation are known and, for that reason,
quantitative estimation of tissue stiffness, expressed
as Young’s modulus (kilopascal) or shear wave velocity
(m/s), can be obtained.
Two-dimensional WE is the only method that can
[149]
provide real-time measurements of liver stiffness
.
®
The technique is available on the Aixplorer system.
The patient is placed in the supine position with the
right arm in maximum abduction, and a convex probe
is placed in the right intercostal space, using the
best acoustic window available for liver evaluation.
Acquisition is performed on the right liver lobe, and no
movement of the probe is recommended in order to
avoid motion artifacts and to allow map stabilization.
The patient has to hold breath for 3 to 4 s in the
expiration phase to acquire a stable image. The SWE
box has to be placed in a homogeneous vessel free
area away from the Glisson capsule. The elasticity
value is displayed on the image, and color mapping
in the box is depicted in real time. For quantitative
measurements, a round region of interest is placed
inside the SWE box, and minimum stiffness and
maximum stiffness expressed in kilopascals are
recorded. A measurement is considered valid if the
region of interest is ﬁlled out with color.
Contrary to TE, the method can be used in patients
with ascites. The first clinical study was published by
[150]
Bavu et al
who evaluated 133 patients with chronic
hepatitis C by means of SWE, TE, and, in a subgroup
of patients, LB. The AUROCs for elasticity values
assessed by SWE were 0.95 for significant fibrosis, 0.96
for severe fibrosis, and 0.97 for liver cirrhosis. In this
study, the AUROCs for SWE were better than those
from TE performed in the same session for F ≥ 2, F
≥ 3, and F4. Ferraioli et al[151] compared SSWE with
TE and LB. The cut-off value was 7.4 kPa for F ≥ 2
(AUROC = 0.91), 8.7 kPa for F ≥ 3 (AUROC = 0.99),
and 9.2 kPa for F = 4 (AUROC = 0.97). The AUROCs
were similar to those in the Bavu study. More recently,
Leung conducted a study in a cohort of HBV patients,
comparing TE and SWE of the liver and of the spleen.
SWE of liver had significantly higher accuracy than TE
of liver and SWE of spleen in all fibrosis stages. The
AUROCs for 2D SWE of liver, TE of liver, and 2D SWE of
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spleen were 0.86, 0.80, and 0.81, respectively, for mild
fibrosis (F1 stage); 0.88, 0.78, and 0.82, respectively,
for moderate fibrosis (F2 stage); 0.93, 0.83, and 0.83,
respectively for severe fibrosis (F3 stage); and 0.98,
0.92, and 0.84, respectively, for cirrhosis (F4 stage).
Two-dimensional SWE of the liver was the most reliable
[152]
parameter to assess and evaluate liver fibrosis
. A
[153]
very recent study was conducted by Zheng et al
that included 198 patients with chronic liver disease
from different etiologies (HCV, HBV, autoimmune
hepatitis, PBC, drug induced liver disease) using LB as
a reference standard for most of them. They evaluated
the individual and combined performances of 2D SWE
and conventional US in assessing liver fibrosis and
cirrhosis to determine when 2D SWE should be added
to routine US. Two-dimensional SWE was significantly
superior to conventional US in detecting liver fibrosis,
but for diagnosis of decompensated cirrhosis, there
was no significant difference between 2D SWE and
conventional US.
ARFI: ARFI elastography is performed with a Siemens
Acuson S2000TM US system. The same principle
is used in a Philips system. ARFI imaging is a USbased elastography method integrated in conven
tional US machines where a region of interest in
the liver is mechanically excited with an acoustic
pulse inducing localized tissue displacement, which
results in shear wave propagation. In this method,
a single measurement over a small FOV is obtained
(point quantification SWE). As compared with TE,
ARFI elastography can be used also in patients with
[154]
ascites
. Usually, 10 valid measurements are per
formed, and a median value is calculated (expressed in
m/s). Compared with TE, ARFI has similar accuracy but
[155]
lower rates of measurement failures .
ARFI was first used and validated in patients with
chronic hepatitis C and subsequently in other etiologies
[156]
[157]
of chronic liver diseases
. Sporea et al
found
in a large cohort of patients that LS measurement
by means of ARFI is a reliable method for predicting
ﬁbrosis severity in HCV patients. Similarly to TE, there
is a large overlap of ARFI measurements for ﬁbrosis
F0-F2, and only severe ﬁbrosis and cirrhosis can be
excluded with great certainty. The overall correlation
with histological ﬁbrosis was not signiﬁcantly different
for TE in comparison with ARFI elastography. However,
TE was better than ARFI for predicting the presence
of liver cirrhosis and ﬁbrosis (F ≥ 1). A meta-analysis
that included 36 studies revealed good accuracy of the
ARFI imaging for the staging of F ≥ 2 and F ≥ 3 with
an AUROC of 0.84, and excellent diagnostic accuracy
[155]
with an AUROC of 0.93 for F = 4 . In a retrospective
international multicenter study that included 914
patients with chronic hepatitis C (10 centers, five
countries from Europe and Asia), all patients were
evaluated by means of LB, ARFI and, in a subgroup
of patients, also by TE. A highly significant correlation
(r = 0.654) was found between ARFI measurements
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and fibrosis (P < 0.0001), being significantly higher in
European as compared with Asian patients (r = 0.756,
P < 0.0001 vs r = 0.544, P < 0.0001). The predictive
values of ARFI for various stages of fibrosis were: F
≥ 1 - cut-off > 1.19 m/s (AUROC = 0.779); F ≥ 2
cut-off > 1.33 m/s (AUROC = 0.792); F ≥ 3 cut-off
>1.43 m/s (AUROC = 0.829); and F = 4 cut-off >1.55
m/s (AUROC = 0.842). The cut-offs for predicting
significant fibrosis and cirrhosis were different in
European vs Asian subjects: 1.21 m/s (AUROC =
0.857) and 1.74 m/s (AUROC = 0.892) in European
subjects, and 1.32 m/s (AUROC = 0.736) and 1.55 m/s
[158]
(AUROC = 0.736) in Asian patients .
Thirteen studies including 1163 patients with chronic
hepatopathies were included in a recent meta-analysis
The sensibility and sensitivity were 0.74 and 0.83,
respectively, for the detection of significant fibrosis (F
≥ 2) using ARFI and 0.78 and 0.84, respectively, using
TE. For the diagnosis of cirrhosis, the sensitivity and
specificity for ARFI were 0.87 and 0.87, respectively,
and for TE were 0.89 and 0.87, respectively, for TE. The
median optimal cut-off value of liver stiffness assessed
by ARFI for the detection of significant fibrosis and
[159]
cirrhosis were 1.3 m/s and 1.8 m/s, respectively
.
One study compared the feasibility of three shear waves
elastographic methods. In a cohort of 332 patients, with
or without hepatopathies, liver stiffness was evaluated
by TE, ARFI, and SWE. Reliable measurements were
obtained in a significantly higher percentage by means
of ARFI as compared with TE and SWE: 92.1% vs
72.2% and 92.1% vs 71.3%, respectively. In subjects
in whom reliable liver stiffness measurements were
obtained by all three elastographic methods, the
accuracy was similar for ARFI and SWE for diagnosing
[160]
significant fibrosis and cirrhosis compared with TE .

PRACTICAL INTEGRATIVE POINTS AND
CONCLUSIONS
We are of the opinion that free, powerful tools like
FIB-4, De Ritis Ratio, and APRI, preferably with
inexpensive imaging technologies (as discussed
above), but possibly without them, should be the first
step in the evaluation of liver fibrosis and cirrhosis.
A large part, if not an overwhelming majority of liver
biopsies could be avoided.
Some of the experimental serum markers,
especially those that are liver-specific, combined with
novel imaging and physical techniques could create a
nearly biopsy-free scenario in the near future.
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Abstract
Hyponatremia is a frequent complication of advanced
cirrhosis with ascites associated with increased
morbidity and mortality. It is caused by an impairment
in the renal capacity to eliminate solute-free water
and is considered to be related to persistent secretion
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of vasopressin despite low serum osmolality. This
nonosmotic release of vasopressin is mediated by
the autonomic nervous system, which senses the
underfilling of arterial vascular component. This
reduction of effective arterial blood volume is closely
related to the development of ascites. Although
the short-time effects of vasopressin V2 receptor
antagonists (vaptans) on hyponatremia and ascites
have been repeatedly reported, their effects on the
long-term management of cirrhotic ascites have not
been established yet. Considering that their effects on
water diuresis and their safety are limited by severe
underfilling state of patients, cautious approaches with
adequate monitoring are needed to advanced cirrhosis.
Proper indication, adequate doses and new possibility
of combination therapy should be explored in the
future controlled study. As hyponatremia is frequent
obstacle to ascites management, judicious combination
with low-dose diuretics may decrease the incidence
of refractory ascites. Although vaptans show much
promise in the treatment of advanced cirrhosis, the
problem of high cost should be solved for the future.

Core tip: Dilutional hyponatremia is a frequent
complication with high morbidity and mortality in
advanced liver cirrhosis with ascites. It is attributable
to disturbed water excretion related to enhanced
vasopressin activity on the background of underfilling
state in the splanchnic arterial circulation. V2 receptor
antagonist is theoretically promising for the future
treatment of hyponatremia and ascites. The present
review aimed to summarize the pathophysiological
backgrounds of ascites and hyponatremia and
to introduce major results of all controlled trials.
Although there existed several unsolved problems and
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controversies on the topic, discussions from the basic
standpoints may light up the dark road.
Fukui H. Do vasopressin V2 receptor antagonists benefit
cirrhotics with refractory ascites? World J Gastroenterol 2015;
21(41): 11584-11596 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i41/11584.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i41.11584

INTRODUCTION
Hyponatremia is a frequent complication of advanced
cirrhosis related to an impairment in the renal capacity
[1]
to eliminate solute-free water . It becomes an
important clinical problem for decompensated cirrhosis
[1]
associated with increased morbidity and mortality .
The failure to excrete solute-free water attributable
to persistent secretion of vasopressin despite low
serum osmolality has been considered to underlie the
[2]
development of this hyponatremia . Since vasopressin
V2 receptor antagonists or vaptans have selective
aquaretic effect, they may open new possibilities
for management of hyponatremia in advanced liver
[3]
cirrhosis .
A basic understanding of the pathophysiologic
mechanisms leading to water retention and dilutional
hyponatremia is required for rational treatment of
[4]
decompensated cirrhosis . This review introduces
the basic mechanisms of ascites and water retention
and the major trials of vaptans in patients with liver
cirrhosis. It also discusses the areas of uncertainty for
the future clinical use of vaptans.

PATHOGENESIS OF ASCITES IN
CIRRHOSIS
The pathogenetic events leading to ascites forma
tion in patients with liver cirrhosis are extremely
[5,6]
complex, being associated with multiple factors .
Pathophysiologic backgrounds and main theories of
ascites formation in liver cirrhosis are shown in Figure 1.
Cirrhotic patients exhibit the hyperdynamic circulation
characterized by arterial hypotension, increased cardiac
[7]
output, and reduced systemic vascular resistance .
These changes come from peripheral vasodilation
and arteriovenous shunt. The contraction of the ef
fective plasma volume associated with peripheral
vasodilation may induce compensatory responses such
as mobilization of vasoactive hormones and activation
[8]
of the sympathetic nervous system .
Renal vasoconstriction is a common ﬁnding in pa
tients with cirrhosis and ascites and more intense in
the renal cortex, which may lead to a reduction of renal
[9]
blood ﬂow and glomerular ﬁltration rate (GFR) . Free
water clearance and urinary sodium (Na) excretion
are markedly decreased in those with tense ascites.
Water and Na retention in advanced cirrhosis is due to
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increased tubular reabsorption. Increased reabsorption
in the proximal convoluted tubule leads to a reduced
delivery of filtrate. An increased reabsorption in the
distal convoluted tubule may further enhance water
and Na retention.
Three main hypotheses, the underfilling theory,
the overflow theory and the peripheral arterial va
sodilation theory, are considered to explain variable
pathophysiological changes in a patient with advanced
liver cirrhosis. In the underﬁlling theory, excess lymph
accumulation in the peritoneal space attributable to
imbalance of Starling forces in the hepatic sinusoids
and splanchnic capillaries is considered to bring
contraction of circulating plasma volume, which is
thought to constitute an afferent signal to the renal
[6]
tubule to augment salt and water reabsorption . The
postsinusoidal venous block and the decreased albumin
synthesis in the background of cirrhosis are important
initial events. In the overﬂow theory, renal Na retention
and plasma volume expansion are considered to
[10]
precede rather than follow the formation of ascites .
[5,11,12]
The investigators who supported this hypothesis
speculated that an increase in sinusoidal hydrostatic
pressure directly stimulates renal sympathetic nervous
[13,14]
system through the hepatorenal reflex
, which
[15]
initiates primary renal Na retention. Schrier et al
proposed the peripheral arterial vasodilation theory as
a revised underﬁlling theory. In this theory, peripheral
arterial vasodilation is considered to cause imbalance
of capacitance and volume, which leads to decreased
effective intravascular volume.
A wide variety of neurohumoral derangements may
[8]
inﬂuence renal handling of salt and water . The activities
of the two major vasoconstrictor and antinatriuretic
systems, the renin-angiotensin-aldosterone (RAA)
system and the sympathetic nervous system, are
[9]
enhanced in most cirrhotics with tense ascites .
Increased plasma level of arginine vasopressin (AVP)
also known as antidiuretic hormone (ADH) increases
water reabsorption in the collecting duct and contributes
[9]
to water retention .
The mechanism of splanchnic arterial vasodilation
[16]
in cirrhosis is complex and still undetermined . For
many years, arterial vasodilation in cirrhosis has been
attributable to increased circulating vasodilators such
[6]
[17]
as estrogen, VIP, prostaglandins , CGRP , substance
[18]
[19]
[20,21]
P , adrenomedullin , atrial natriuretic factor
[16,22]
and nitric oxide
. As the most important site of
vasodilation is the splanchnic circulation, increased
production of nitric oxide, that acts in a paracrine
[16]
manner, has recently been considered essential .
Bacterial endotoxin closely related to bacterial
translocation is known to stimulate these vasodilators
[23,24]
especially nitric oxide
.

Backgrounds of refractory
ascites
Refractory ascites was internationally defined as
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Cirrhosis

Albumin synthesis ↓

Postsinusoidal venous block

Vasodilators ↑

Formation of
hepatic lymph ↑

Portal
hypertension

Plasma oncotic
pressure ↓

Endotoxemia

Intrahepatic
pressure ↑
Endothelin ↑

Hepatorenal
sympathetic
reflex

Effective arterial
blood volume ↓

Ascites

Renal sympathetic
nervous system ↑

Glomerular filtration
rate ↓

Estrogen
VIP
PGE2, PGI2
CGRP
Substance P
Adrenomedullin
ANF
Nitric oxide

Systemic vascular
resistance ↓
Arterio-venous
shunt ↑

Hypoalbuminemia

Intrasinusoidal
pressure ↑

Vasopressin ↑

Renin-angiotensin system ↑
Aldosterone ↑

Water and Na reabsorption ↑

Na reabsorption ↑
Proximal convoluted tubule

Water reabsorption ↑
Distal convoluted tubule~

Water and Na retention

Prostaglandin (PG) system
(PGE2 ↓, PGI2 ↓
TXB2 ↑, LTE4 ↑)

Kallikrein-kinin system ↓

Collecting duct

Renal response to ANF ↓
Underfilling theory
Overflow theory
Peripheral arterial
vasodilation theory

Figure 1 Phatophysiologic backgrounds and main theories of ascites formation in liver cirrhosis. The pathogenetic events leading to ascites formation in
patients with liver cirrhosis are multifactorial. They include hepatic venous outflow block, portal hypertension and hypoalbuminemia as hepatic factors, hyperdynamic
circulation, peripheral arterial vasodilation, decreased effective circulating blood volume and altered neurohumoral systems as systemic circulatory factors, and
enhanced salt and water reabsorption in proximal and distal nephron and convoluted duct related to intrarenal haemodynamic derangement as renal factors.
They are closely interrelated and enhance salt and water reabsorption in the kidney. The activities of the two major vasoconstrictor and antinatriuretic systems,
the renin-angiotensin-aldosteron system and the sympathetic nervous system, are increased in most cirrhotics with tense ascites. Increased plasma level of
arginine vasopressin enhances water reabsorption in the collecting duct and contributes to water retention. Endothelin, an endothelial-derived peptide with marked
vasoconstrictor activity, is also increased in advanced cirrhosis[86,87]. Increased endothelin levels were proven to be related to creatinine clearance, effective renal
plasma ﬂow[88], serum creatinine and blood pressure[89], and may also contribute to renal dysfunction in patients with cirrhosis[88]. Three main hypotheses, the
underfilling theory, the overflow theory and the peripheral arterial vasodilation theory, are considered to explain variable pathophysiological changes occurred
in a patient with advanced liver cirrhosis. VIP: Vasoactive intestinal peptide; CGRP: Calcitonin gene-related peptide; PG: Prostaglandin; TX; Thromboxane; LT:
Leukotriene.

ascites that does not recede despite Na restriction and
maximal diuretic therapy (furosemide 160 mg/d and
spironolactone 400 mg/d) or that recurs shortly after
[25]
therapeutic paracentesis . However, most Japanese
cirrhotics with ascites develop electrolyte disturbance or
azotemia by this high-dose diuretic treatment. In order
to avoid diuretic-induced side effects, we designed
a stepped care protocol with a combination of lowdose aldosterone antagonists (400 mg/d of potassium
canrenoate, iv) and loop diuretics (40-80 mg/d of
furosemide, iv) and studied the pathophysiological
[26,27]
backgrounds of these patients
. In the early
step responders, basal renal function, serum Na
concentration, plasma renin activity (PRA), plasma
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levels of aldosterone, norepinephrine (NE), and AVP
were within normal limits and basal plasma α-human
[26]
atrial natriuretic peptide (α-hANP) was elevated .
On the contrary, in the late step responders and
nonresponders, basal PRA and plasma NE and AVP
were progressively elevated with the concomitant
decreases in basal creatinine clearance (Ccr), urine
volume, urinary Na excretion (UNaV), serum Na levels
and the increases in basal blood urea nitrogen (BUN)
[26,27]
and serum creatinine levels
. These results indicate
that the early responders were basically in the state
of vascular overﬂow, while the late responders and
nonresponders were relatively in the state of vascular
underﬁlling. The pathophysiological backgrounds of
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ascites are considered to be a continuum involving
both overﬂow (early stage) and underfilling states
(late stage). Interestingly enough, in the patients who
responded diuretics, PRA, plasma aldosterone and
NE were elevated and α-hANP was lowered by the
treatment, suggesting that the diuretics themselves
[26]
may cause relative vascular underfilling .
In the advanced stages of decompensated cirrhosis,
patients develop low arterial pressure attributable
to further reduction of the peripheral vascular
[28]
resistances . An increase in the cardiac output to
refill the expanded intravascular bed and the release
of vasoconstrictors (RAA system, sympathetic nervous
system and AVP) to raise peripheral vascular resistance
are two compensatory mechanisms to overcome a
further reduction of the peripheral vascular resistances
[28]
and to maintain the hemodynamic stability . Reduced
renal perfusion and further Na and water retention with
dilutional hyponatremia are the natural consequences
[28]
of this physiological response .

Water retention in liver cirrhosis
An impaired renal water handling, leading to inability
to excrete a water load and hyponatremia, represents
[29]
a common ﬁnding in advanced liver cirrhosis . In
refractory ascites, hyponatraemia often develops,
[30]
which indicates more intense water retention . Free
water clearance, an index of water excretion, has been
reported to be markedly decreased in patients with
cirrhosis and ascites.
On the other hand, the results reported in patients
with compensated cirrhosis are still conflicting. By an
intravenous water overload of 20 ml/kg body weight,
we noted that free water clearance was decreased
[18]
with the progression of liver cirrhosis . Several other
[29,31,32]
authors
showed a blunt diuretic and natriuretic
response to water administration in non-ascitic cirrhotic
[30]
patients. Conversely, Krag et al
reported that the
Child B cirrhotic patients had increased free water
clearance and distal fractional water excretion during a
400 ml/h oral water load.
Pathogenesis of water retention is not fully
established, but two major mechanisms have been
considered: (1) increased nonosmotic release and
decreased clearance of AVP; and (2) decreased GFR
and excessive proximal tubular Na reabsorption
resulting in impaired free water excretion. For many
years, the role of enhanced AVP activity in the cause
of subnormal dilution capacity and water retention has
[4]
received strong support . Taking these results, the
current pharmacological therapy has been focused on
[33]
the release or action of AVP . On the other hand,
[29]
Gatta et al found that free water clearance corrected
for distal Na delivery were normal both in non-ascitic
patients and in the majority (75%) of decompensated
cirrhotics. They thought that excessive proximal
Na reabsorption and reduced distal delivery of fluid
may play a primary role in the pathogenesis of the
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[29]

impaired water excretion of these patients . Krag et
[30]
al noted that Child C cirrhotics with ascites and mild
hyponatremia showed a low GFR, a low distal tubular
flow and an inability to increase free water clearance
during water loading, while plasma AVP levels re
mained low. In general, the above two mechanisms
are hardly evaluated separately, for the maneuvers
leading to expansion of extracellular fluid volume not
only enhance the distal delivery of filtrate but may also
suppress AVP release by attenuating underfilling of
[4]
arterial vascular compartment .

Plasma levels of AVP
After the development of sensitive radioimmunoassay,
most investigators reported elevated plasma AVP
[4]
levels in liver cirrhosis . However, its relation to cli
nical findings including water excretion was variable.
[34]
Pérez-Ayuso et al
reported that plasma AVP levels
in cirrhotics were higher than those in normal subjects
and plasma AVP levels in cirrhotics with negative
free water clearance were even higher than those in
cirrhotics with positive free water clearance.
[35]
Castellano et al
found that basal AVP levels
were elevated only in decompensated cirrhotics with
hyponatremia, although water diuresis and fractional
proximal Na excretion were significantly decreased in
patients both with and without hyponatremia. They
concluded that impaired water excretion in those
without hyponatremia cannot be ascribed to enhanced
AVP activity but may be related to reduced delivery of
[35]
filtrate to the distal segment of the nephron .
Although basal plasma AVP levels were not
different between well-compensated cirrhosis and
[32,36]
healthy controls
, suppression of plasma AVP after
water load (20 ml/kg body weight) noted in healthy
[36]
controls was not observed in cirrhotics . Nicholls et
[37]
al
evaluated diuretic responses to head-out water
immersion, another maneuver to increase central
blood volume, and reported that the cirrhotic patients
with impaired water excretion revealed higher plasma
AVP levels than those with moderate water excretion
[38]
during water immersion. Bichet et al
reported
that redistribution of central blood volume by water
loading in addition to water immersion to the neck
resulted in suppression of AVP levels and improvement
in water excretion in decompensated cirrhotics.
[39]
Epstein et al , however, failed to demonstrate
plasma AVP suppression with their water immersion
despite increased diuresis in most decompensated
cirrhotics. They concluded that the diuresis in some
patients without concomitant suppression of plasma
AVP suggests that AVP may constitute a permissive
rather than pivotal factor in the impaired water
[39]
excretion in patients with advanced liver disease .
The discrepancies among these results on plasma AVP
levels may be partly explained by the differences in
the basal and post-immersion central blood volumes.
[38]
The patients in Bichet’s study , who received a
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stronger central hydration (immersion plus intravenous
water load) are considered to reveal more effective
[4]
suppression of AVP .
We designed a “body compression” apparatus as a
means to restore effective blood volume in cirrhotics
[40]
with ascites . All four limbs and the lower abdomen
were compressed with constant pressure for 3 h,
using stroke rehabilitation splints, while patients lay
[40]
supine . Repeated body compression alleviated
ascites in those with well-preserved renal function,
but was ineffective in those with markedly impaired
[40]
renal function . In the responders, plasma AVP levels
were within normal limits during the study, whereas
in the nonresponders, markedly elevated AVP was not
[40]
depressed by the body compression .

Nonosmotic release of AVP
The possible mechanism for increased AVP activity
in patients with liver cirrhosis may include enhanced
nonosmotic release of AVP, decreased hepatic me
[4]
tabolism and enhanced tubular sensitivity to AVP .
Among them, enhanced nonosmotic release of AVP is
considered to play most pivotal role. In physiological
state, mechanisms of osmoregulation and volume
regulation help to maintain water balance and tonicity
[41]
in the body . AVP is synthesized by two hypothalamic
nuclei (supraoptic nuclei and paraventricular nuclei)
and secreted by the posterior pituitary in response to
an increase in plasma tonicity or decrease in plasma
volume. Effective circulating arterial volume acts as
a nonosmotic factor which regulates the secretion of
[41]
AVP .
The major nonosmotic pathway for AVP rele
ase involves the autonomic nervous system, which
is mediated via the baroreceptors located mainly
[42]
in the left ventricle and carotid sinus . These
baroreceptors communicate to the hypothalamus via
parasympathetic pathways and cause a release of AVP
[33]
in response to hypovolemia . Small changes of <
10% in blood pressure or blood volume have no effect
on AVP levels. However, once decreases in volume or
pressure exceed this value, baroreceptor-mediated
[43]
signals provide persistent stimuli for AVP secretion .
In cirrhotic patients with ascites, the nonosmotic
release of AVP from the posterior pituitary becomes
the dominant force and the end result is impaired
free water excretion and subsequent dilutional
[44]
hyponatraemia .
The peripheral arterial vasodilation of splanchnic
vascular bed attributable to vasodilators such as
nitric oxide, is considered to cause typical circulatory
derangement in liver cirrhosis, i.e., hyperdynamic
circulation. Although total plasma volume may be
increased in these circumstances, splanchnic arteriolar
vasodilation leads to underfilling of arterial vascular
component. The reduction of “effective plasma volume”
is sensed by the high-pressure osomoreceptors and
stimulates RAA system and sympathetic nervous
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[4]

systems, resulting an increase in AVP release .

Role of aquaporin-2
AVP plays an important role in water and Na ho
meostasis. It acts via three receptor subtypes-V1a,
[41]
V1b, and V2-distributed widely throughout the body .
V1a receptors are present on vascular smooth muscle
cells, myocardium, platelets, and hepatocytes, and
mediate vasoconstriction, platelet aggregation, and
[41]
glycogenolysis . V1b is expressed in the anterior
pituitary gland where it mediates adrenocorticotropin
[45]
release . V2 receptors are located in principal cells
of the renal collecting duct system and mediate water
reabsorption. AVP acts on V2 receptors, which activate
the cyclic adenosine monophosphate (cAMP)/protein
kinase A (PKA) signaling pathway and translocate
intracellular vesicles of water channel aquaporin-2
(AQP-2) to the apical plasma membrane of collecting
duct cells. This AQP-2 in the cell surface increases the
reabsorption of free water from the tubular fluid back
[1,41,46]
into the circulation
. AVP further regulates the
long-term water permeability of the collecting ducts
[46]
by increasing AQP-2 gene expression
and AQP-2
[47]
protein synthesis . AVP thus plays a pivotal role
in the on-off regulation of the cellular trafficking of
AQP-2 and the synthesis of AQP-2 in collecting duct
[47]
cells . Nonsuppressible release of AVP is profoundly
involved in abnormal antidiuresis in pathological states
[47]
of impaired water excretion . Such a chronic AVP
excess is closely associated with abundance of AQP-2
protein in collecting duct cells despite hypoosmolar
[47]
condition .
In experimental studies, increased expression of
AQP-2 mRNA and protein were also found and closely
related to volume of ascites in CCl4-induced cirrhotic
[48]
[49]
rats . Jonassen et al
conversely showed that the
renal expression of the AQP-2 was down-regulated in
bile duct-ligated cirrhotic rats with Na retention but
without ascites. They further demonstrated that renal
AQP-2 expression in membrane fractions of both whole
kidney and inner medulla from CCl4-induced cirrhotic
[49]
rats with hyponatremia and ascites was unchanged .
[50]
In clinical investigations, Ivarsen et al
showed
that urinary AQP-2 excretion was increased in parallel
with impairment of free water clearance with the
progression of liver cirrhosis, although it was not
related to plasma AVP levels. They concluded that
there is a functional association between increased
AQP-2 excretion and increased renal reabsorption of
[51]
water in cirrhosis. Chung et al
also reported that
urinary AQP-2 secretion was increased in patients
with liver cirrhosis, especially in those with ascites. In
[52]
contrast to these results, Esteva-Font et al
found
a progressive decrease in urinary AQP-2 excretion as
the progression of liver cirrhosis, from compensated
cirrhosis to cirrhosis with ascites and hepatorenal
syndrome. Plasma AVP level did not correlate with
urinary AQP-2 excretion and markedly increased in
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[52]

[30]

those with hepatorenal syndrome . Krag et al
reported that plasma AVP level was suppressed but
AQP-2 excretion was unchanged and urine volume,
free water clearance and distal fractional water
excretion were not increased after water load in Child
C patients. These discrepancies between plasma
AVP level and urinary AQP-2 excretion support an
uncoupling of AVP/AQP-2 system attributable to a AVPindependent production of AQP-2 in decompensated
[30]
liver cirrhosis . The regulation of AQP-2 may be
modified by a number of hormones and bioactive
substances, such as angiotensin Ⅱ , aldosterone,
dopamine, atrial natriuretic peptide, PGE 2 and
[30]
adrenergic hormones . The lack of responsiveness
of the collecting ducts to changes in the plasma AVP
could explain why a number of patients respond poorly
[30]
to vaptans .

Treatment by vasopressin
receptor antagonist
Given the central role of AVP in limiting renal water
excretion, AVP receptor antagonists represent a
physiologic and rational method to increase renal water
[43]
excretion . Several vasopressin receptor antagonists
have been evaluated in treating hyponatremia in
[53]
patients with cirrhosis/end-stage liver disease .
These include the intravenous dual V1A/V2 -receptor
antagonist conivaptan, and the oral V2 -receptor
antagonists lixivaptan, RWJ-351647, satavaptan,
[53]
and tolvaptan . Main characteristics of randomized
double-blind placebo-controlled trials on vaptans for
patients with liver cirrhosis are listed in Table 1.

Lixivaptan

[54]

Guyader et al first reported the randomized doubleblind, placebo-controlled trial on the effect of V2receptor antagonist lixivaptan (VPA-985; ascending
single doses of 25, 50, 100, 200, and 300 mg) in
patients with liver cirrhosis and ascites and found a
dose-related increase in daily urine output and a doserelated decrease in urine osmolality together with
increases in serum osmolality and Na concentration for
[54]
[55]
24 h . Gerbes et al studied the effects of lixivaptan
(100 or 200 mg/d) or placebo in cirrhotics with ascites
and hyponatremia (serum Na 115-132 mmol/L) in a
double-blind controlled trial. The authors found that
normalization of serum Na concentration was achieved
in 27% and 50% of patients in the lixivaptan 100 mg/
d and 200 mg/d groups, respectively, but in none of
the patients in the placebo group. Although the effect
of lixivaptan on ascites was not described in the report,
a significant decrease of body weight was recorded
[55]
in subjects receiving lixivaptan 200 mg/d . Wong
[56]
et al
investigated the add-on effects of lixivaptan
(doses of 25, 125, and 250 mg twice daily) or placebo
to diuretics (mostly furosemide and spironolactone) on
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cirrhotics with ascites and hyponatremia (< 130 mmol/
L) and found that lixivaptan produced a significant
overall aquaretic response with significant dose related
increases in free water clearance and serum Na.
Lixivaptan was also shown to be effective and safe
for long-term management of hyponatremia after
[2,57]
outpatient initiation
. Normalization of serum Na
levels was maintained during the 24-wk study period.
It was titrated safely in the outpatient setting without
[2,57]
over-rapid serum Na level correction
.

RWJ-351647

[58]

Thuluvath et al
evaluated the effect of another
selective V2-receptor antagonist RWJ-351647 in
cirrhotics with ascites, who failed to lose ≥ 2 kg weight
in the week by the diuretic regimen of furosemide
(40 mg/d) and spironolactone (100 mg/d), as a
randomized double-blind, placebo-controlled trial.
They found that this vaptan is an effective aquaretic
causing dose-dependent increases in urine output
and free water clearance, when co-administered with
[58]
conventional diuretics . There was no influence on
the pharmacokinetics of concomitant furosemide and
[58]
spironolactone in their study .

Satavaptan

[59,60]

Gines et al
investigated the effects of satavaptan on
ascites management and serum Na in decompensated
cirrhotic patients with and without hyponatremia.
They first compared the effect of three fixed doses
of satavaptan (5, 12.5 or 25 mg once daily) versus
placebo for 14 d in 110 cirrhotic patients with ascites
and hyponatremia (serum Na ≤ 130 mmol/L), who
[59]
continuously received spironolactone at 100 mg/d .
The authors reported that satavaptan was effective
for control of ascites (indicated by a reduction in body
weight and abdominal girth), which was associated
with improvements in serum Na and concluded
that this vaptan improves the control of ascites
and hyponatremia in patients with cirrhosis under
[59]
diuretic treatment . They next evaluated the effect
of satavaptan on ascites in 148 cirrhotics without
hyponatremia as the similar double-blind randomized[60]
controlled trial . Duration of treatment was also 14 d
but all patients received spironolactone 100 mg/d plus
furosemide 20-25 mg/d. As a result, the administration
of satavaptan was associated with reduction of ascites
[60]
in cirrhotics without hyponatraemia .
[61]
On the other side, Wong et al
evaluated the
long-term effect of satavaptan on the recurrence of
ascites and survival. They first performed a doubleblind placebo-controlled trial investigating the effects
of the addition of satavaptan (5, 12.5 or 25 mg) or
placebo to 100 mg spironolactone for 12 wk on ascites
recurrence after a large volume paracentesis in 151
patients with liver cirrhosis irrespective of the presence
[61]
of hyponatraemia . Although the frequency of pa
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Lixivaptan

Tolvaptan

Wong et
al[56]

Schrier et
al[63]
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Yes

Yes

Yes? (no detailed
information available）

None (withheld for 48 h)

Additional diuretics
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Furosemide ≥ 40 mg/d +
spironolactone ≥ 25 mg/d
or furosemide ≥ 20 mg/d +
spironolactone ≥ 50 mg/d

Tolvaptan

Okita et
al[67]

7.5, 15 or
30 mg/d

Satavaptan 5, 10 mg/d Study 1 (None); Study 2 (one
or more diuretics); Study 3
(withheld during the first 12
wk)

Spironolactone < 200 mg/d
+ furosemide < 80 mg/d

Spironolactone 100 mg/d

Wong et
al[62]

15, 30, 60
mg/d

5, 12.5, 25
mg/d

5, 12.5, 25 Spironolactone 100 mg/d
mg/d
5, 12.5, 25 Spironolactone 100 mg/d +
mg/d
furosemide 20-25 mg/d

Tolvaptan

Satavaptan

Satavaptan

Satavaptan

Cárdenas
et al[64]

Wong et
al[61]

Ginès et
al[59]
Ginès et
al[60]

Thuluvath RWJ-351647 1, 2, 5 mg Spironolactone 100 mg/d +
et al[58]
(single
furosemide 40 mg/d
oral doses)

15, 30, 60
mg/d

50, 250,
500 mg/d

100, 200
mg/d

Lixivaptan

Gerbes et
al[55]

Dose

Lixivaptan 25, 50, 100,
200, 300
mg/d

V2RA

Guyader
et al[54]

Ref.

7d

52 wk

30 d

12 wk

14 d

14 d

24 h

30 d

8d

7d

Max treatment
duration
24 h

77 (27)

720 (478)

63 (57)

115 (36)

113 (35)

82 (28)

63 (57)
Salt 1 and Salt 2 study
including other causes
of hyponatremia
18 (6)

25 (8)

40 (20)

No of patients
vaptan(control)
22 (5)

Body weight, abdominal circumference

Fluid intake was
restricted to 1000
mL/d
Fluid intake was
restricted to 1500
mL/d

7.5-30 mg/d reduced body weight and abdominal
circumference
7.5 mg/d showed the maximum changes together
with preferable tolerability

Sub-analysis of
the SALT-1 and
SALT-2 trials
(Study 3) a higher
rate of all-cause
mortality, mostly
associated with
complications
of cirrhosis in
combination with
diuretics

Increases in cumulative urine volume and
No changes in
free water excretion, and a decrease in urine
either serum
osmolality were noted in a dose-dependent
chemistry or
manner reaching the statistical significance at the plasma AVP and
5-mg dose
renin levels
Reduction in body weight and abdominal girth
with improvements in serum Na
Significant reduction in body weight; percentage
of patients with a weight loss > 2 kg was greater

A significant dose-related increase in daily urine
output and a dose-related decrease in urine
osmolality together with significant increases in
serum osmolality, Na, and vasopressin levels
Normalization of serum Na 27% (100 mg/d
group) 50% (200 mg/d group); a significant
reduction in urine osmolality and body weight
Significant dose related increases in free water
clearance and serum Na without changes in
orthostatic blood pressure and serum creatinine
levels
Effective in increasing serum Na concentrations
at day 4 and day 30

Main results

Change in body weight
The percentage of patients with a weight loss
> 2 kg
Prevention of recurrent ascites after LVP
Significant decrease in the frequency of
(1) median time to first paracentesis
paracenteses; No significant difference of mean
(2) frequency of paracenteses
increase in ascites
(3) mean increase in ascites
Serum Na (average daily area under the curve
Improvement in serum Na levels and patientfor serum Na); mental component summary
reported health status without severe adverse
scores of the SF-12 health survey
effects
Prevention of recurrent ascites after LVP
Not more effective than placebo in the control
(1) cumulative number of LVPs during the first
of ascites in any of the populations studied as
12 wk
estimated by the primary efficacy endpoints;
(2) reccurrence of ascites, defined as LVP and/or
slight advantages noted in delaying ascites
weight increase of > 4 kg
formation and improvement of serum Na
(3) cumulative increase in ascites estimated
concentration in patients with hyponatremia

Body weight, abdominal girth, serum Na

Urine volume, free water excretion, urine
osmolality

Serum Na

Free water clearance, serum sodium

Serum sodium concentration, urine osmolality,
body weight

Daily urine output, urine osmolality, serum
osmolality, serum Na

Efficacy outcome

Table 1 Main characteristics of randomized double-blind, placebo-controlled trials on vaptans for patients with liver cirrhosis
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Tolvaptan

7.5 mg/d

furosemide ≥ 40 mg/d +
spironolactone ≥ 25 mg/d
or furosemide ≥ 20 mg/d +
spironolactone ≥ 50 mg/d

7d

84 (80)

Change in body weight from baseline; changes
change in body weight; -0.44 kg in the placebo
in abdominal circumference and ascites volume: group vs -1.95 kg in the tolvaptan group; higher
improvement rates of lower limb edema and
improvement rates of limb edema and ascitesascites-related clinical symptoms
related clinical symptoms

[61]

Improve
hyponatremia
and derease body
weight regardless
of serum albumin
level
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[63]

Shrier et al
reported the effect of another V2-receptor antagonist tolvaptan for 448 patients with hyponatremia of variable etiology as two double-blind placebocontrolled studies (Study of Ascending Levels of Tolvaptan in Hyponatremia1 and 2 [SALT-1 and SALT-2]). The subjects included 138 patients with congestive heart
[63]
failure, 190 patients with SIADH and 120 patients with liver cirrhosis . The authors did not evaluate the results separately based on etiology, but simply showed that
15 mg of oral tolvaptan (increased to 30 or 60 mg if needed) was effective in increasing serum Na concentrations in these patients with euvolemic or hypervolemic
[63]
[64]
hyponatremia . Cárdenas et al
then performed sub-analysis of these SALT-1 and SALT-2 trials evaluating the efficacy and safety of tolvaptan in patients with
[64]
cirrhosis and hyponatremia and found improvement in serum Na levels and patient-reported health status without severe adverse effects . Additionally, hyponatremia
[64]
recurred in tolvaptan-treated patients after discontinuation of tolvaptan .
The SALTWATER trial, an open-label extension of SALT 1 and SALT 2, enrolled 111 individuals including 20 cirrhotics to evaluate whether tolvaptan remained safe
[2,65]
[2,65]
and effective during long-term use
. Initial dose was 15 mg, which was increased to attain a normal serum Na level
. At 50 wk, the serum Na concentration
[41,65]
normalized in approximately 60% of patients
. During the more than 4-year study period, only one required withdrawal from the study. As in the short-term trials,
[2,65]
there were no reported adverse effects concerning for osmotic demyelination
.
[66]
In a Japanese pilot study , tolvaptan was administrated at titrated doses of 15, 30, and 60 mg once daily for 3 d at each dose to 18 cirrhotic patients with
persistent ascites and/or lower limb edema despite receiving oral furosemide at 40 mg/d or higher. In this study, tolvaptan was proved to decrease body weight and
[66]
abdominal circumference dose-dependently and to improve ascites and edema beginning from 15 mg . Japanese study group then designed a 7-d multicenter
[67]
double-blind trial of tolvaptan to determine the optimal dose for hepatic edema . One hundred four participants were stratified randomly to four groups receiving
tolvaptan at 7.5, 15 or 30 mg/d, or placebo as an add-on to conventional diuretics for 7 d. The subjects selected were poor responders to the standard daily dose of
concomitant diuretics: (1) a loop diuretic at a daily dose equivalent to furosemide 40 mg/d or higher and spironolactone at 25 mg/d or higher; or (2) a loop diuretic
[67]
at a daily dose equivalent to furosemide 20 mg/d or higher and spironolactone at 50 mg/d or higher . Although tolvaptan at 7.5-30 mg/d reduced body weight and
[67]
abdominal circumference compared with placebo, dose of 7.5 mg/d showed the maximum changes together with preferable tolerability . From these results, 7.5 mg/

Tolvaptan

racentesis was decreased significantly in all satavaptan groups versus placebo, no significant difference of mean increase in ascites was found among the groups .
They further evaluated the efficacy and safety of satavaptan in three different populations of patients with cirrhosis and ascites by large-scale randomized, placebo[62]
controlled trials . They included 1200 patients in three studies comparing satavaptan with placebo in uncomplicated ascites (study 1) and difficult-to-treat ascites,
with and without concomitant diuretic treatment (studies 2 and 3). They reported that satavaptan was not more effective than placebo in the control of ascites in any
of the populations studied as estimated by the primary efficacy endpoints: worsening of ascites (study 1) and the cumulative number of large-volume paracentesis
[62]
during 12 wk (studies 2 and 3) . However, as for secondary efficacy endpoints, slight advantages of satavaptan over placebo were noted in delaying ascites formation
[61]
and improving serum Na concentration in patients with hyponatremia . They finally concluded that satavaptan, alone or in combination with diuretics, is not clinically
[62]
beneficial in the long-term management of ascites in cirrhosis . Moreover, when satavaptan was administered in combination with diuretics to prevent ascites
recurrence after large-volume paracentesis (study 3), a higher rate of all-cause mortality, mostly associated with known complications of cirrhosis, was recorded during
[62]
[33,53]
the 52 wk of follow-up . These limited efficacy and safety concerns resulted in withdrawal of the drug by the pharmaceutical company
.

All major studies are summarized in this table. In general, short-term effects of vaptans on hyponatremia and ascites are evident. Long-term effects are still controversial.

Sakaida et
al[68]

Fukui H. V2 receptor antagonists for cirrhotic ascites
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d was considered the optimal dose in patients with
liver cirrhosis and ascites, who showed inadequate
[67]
response to conventional diuretics in Japan . This
conclusion was verified by another multicenter double[68]
blind placebo-controlled trial by Sakaida et al , by
which tolvaptan is proved to improve hyponatremia
and to exert its effect on body weight and initial urine
volume of the patients regardless of serum albumin
[68,69]
level
. They also doubled the duration of tolvaptan
treatment and showed that it’s effect on body weight
[70]
persisted for 14 d . In order to avoid adverse effects
[71]
of tolvaptan in cirrhotics, Sakaida et al
further tried
to decrease the dosage of tolvaptan and compared
3.75 mg/d and 7.5 mg/d schedules by a double-blind,
parallel-group study. Although tolvaptan resulted in
dose-dependent decreases in body weight and ascites
volume and increases in urine output, 3.75 mg/d
[71]
tolvaptan exerted significant effects as well .

Conivaptan

In patients with Child-Pugh class A-C cirrhosis,
conivaptan is administered via an intravenous loading
dose of 10 mg followed by continuous infusion of
10 mg over 24 h for 2 to 4 d with titration up to 20
mg over 24 h if serum Na is not rising at the desired
[53]
rate .
A retrospective review of 24 cirrhotic patients
with hyponatremia showed that it raised serum Na
[53,72]
in patients with and without diuretics
. Because
conivaptan is available only as a parenteral formulation,
chronic use in cirrhotic patients with hyponatremia
may be limited. Theoretically, it should be cautious
to use conivaptan in patients with cirrhosis because
[53,73]
it blocks both V2 and V1 A receptors
. There is a
possibility that V1A inhibition may result in splanchnic
vasodilation, which leads to further reduction in blood
[33]
pressure and increased risk of variceal bleeding .
Dilatation of the splanchnic bed and interference with
platelet aggregation could exacerbate complications of
[41]
variceal bleeding .

AREAS OF UNCERTAINTY
It is not determined if V2-receptor antagonists are
[43]
helpful for asymptomatic hyponatremic patients .
It is also undetermined if early use of vaptans
prevent diuretic-induced hyponatremia in cirrhotics.
Although it remains unclear whether correction of the
hyponatremia per se will improve patient outcomes,
V2-receptor antagonist offer an opportunity to test
this uncertainty in patients with euvolemic and
[43]
hypervolemic hyponatremia .
So far no study has revealed that the effects
of vaptans are related to plasma AVP levels in
patients with liver cirrhosis. As plasma AVP levels
are considered to be normal in cirrhotics without
hyponatremia, the reported effects of tolvaptan in
these patients may be related to hypersensitivity of V2-
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[74]

receptor to AVP as noted in congestive heart failure .
In fact, the effect of spironolactone for cirrhotics with
normal plasma aldosterone levels have been explained
[75]
by the renal tubular hypersensitivity to aldosterone .

Proper indication of vaptans

Hospitalized patients with mild to moderate symptoms
of hyponatremia can be considered ideal candidates
for the use of vaptans. Although restriction of fluid
intake has been recommended in patients with severe
hyponatremia, it has very limited efficacy for cirrhotic
[1]
patients . While it remains speculative as to whether
correction of the hyponatremia per se will improve
patient outcomes, the vaptans offer an opportunity
to test this uncertainty in patients with euvolemic
[43]
and hypervolemic hyponatremia . One remaining
question is if they are helpful in hyponatremic patients
[43]
who are asymptomatic or mildly symptomatic .
Hyponatraemia with serum Na ≤ 130 mEq/L is one
of several predictive factors for the development of
[44,76]
overt hepatic encephalopathy
. Investigators have
hypothesized that low-grade cerebral edema asso
ciated with hyponatremia may predispose cirrhotics
[53,77]
to encephalopathy
. Treating hyponatremia is,
therefore, considered to be a prudent step to reduce
the frequency and severity of encephalopathy in
[41]
cirrhosis . Hyponatraemia in cirrhosis is associated
with impaired cognition and poor health-related quality
of life (HRQOL), which were recently proved to be
improved by hyponatraemia correction by short-term
[78]
tolvaptan therapy .
[79]
Dahl et al
made meta-analyses to evaluate
the effects of vaptans (tolvaptan, satavaptan and
lixivaptan) on patients with cirrhosis and hypona
traemia or ascites. As a result, they did not find clear
differences between the vaptan groups and the control
groups regarding mortality, variceal bleeding, hepatic
encephalopathy, spontaneous bacterial peritonitis,
hepatorenal syndrome, or renal failure, although
vaptans increased serum Na levels and led to reductions
in weight and the time to the first paracentesis. They
admitted that vaptans have a small beneficial effect
on hyponatremia and ascites but concluded that these
data do not support the routine use of vaptans in
[79]
cirrhosis . Further studies about using different endpoints such as hospitalizations for hyponatremia, need
for more or less diuretics to control the ascites, and
need for paracentesis, would better define how to use
this new class of drugs in the patient with cirrhosis and
[80]
ascites .
A recent FDA drug safety communication recommended
that tolvaptan should not be used for longer than 30 d
and should not be used in patients with underlying
liver disease due to a risk of liver injury leading to liver
[81]
transplant or death . This arose from surveillance in a
3-year placebo-controlled study of 1400 patients with
autosomal dominant polycystic kidney disease. Among
them 3 patients treated with tolvaptan at a dose of
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120 mg/d developed significant increases in serum
[81]
ALT and total serum bilirubin levels . No vasopressin
receptor antagonist is currently approved by the FDA
for treatment of hyponatremia in patients with liver
[33]
disease or cirrhosis .

Proper doses of vaptans

The effect of vaptans may be less robust in hyponatremia
[56,63,65]
of cirrhosis compared with other causes
. A
subgroup analysis of cirrhotic patients in the SALT
[2]
trials also supported this observation . Reasons for
limited response to vaptans in some hyponatremic
patients with advanced cirrhosis may be that avid
proximal reabsorption of solute leads to decreased
distal delivery of the glomerular filtrate, although this
possibility has not been studied. Another possibility
is that V2 receptor-independent pathways play a role
[2,30]
in APQ-2 regulation in cirrhosis
. The difference
in the doses of tolvaptan between international
trials and Japanese trials are noticeable. Of course,
it should be kept in mind that the primary efficacy
outcomes in the Japanese studies were improvement
of ascites and edema of the extremities and not that
of severe hyponatremia, hence refractory ascites
in end-stage cirrhotics was excluded from these
studies. International tolvaptan trials used 15 to
60 mg/d in cirrhotics for decompensated cirrhotics
with hyponatremia, whereas the doses of Japanese
[66]
trials first settled between 7.5 to 30 mg/d
finally
decreased to 3.75 and 7.5 mg for decompensated
[71]
cirrhotics without hyponatremia . This study, how
ever, showed that tolvaptan induced significant
increases in urine volume and significant decreases
in body weight from basal levels for 4 d even in the
[71]
3.75 mg/d group . Significant increase in serum Na
concentrations within normal limits were noted in the
[71]
7.5 mg/d group . Although the approved dose of
tolvaptan for cirrhotics is 7.5 mg/d, intial dose of 3.75
mg/d is recommended for safety in advanced cirrhotics
in Japan. Although the reason why some Japanese
cirrhotic patients responded to such a low dose of
tolvaptan as 3.75 to 7.5 mg/d is not clear, it is now
advisable to use low-dose tolvaptan for cirrhotic ascites
[33]
to prevent the risky liver injury warned by FDA .

Effect for refractory ascites
[82]

Zhang et al
recently reported that the combination
of 15 mg/d tolvaptan with diuretics effectively
increased the urine output in 89.7% of patients with
refractory ascites. They selected the patients who
were not satisfactorily controlled after either 1 wk of
Na intake restrictions, albumin infusion and high doses
of diuretics (more than 160 mg/d of furosemide and
200 mg/d of spironolactone) or 2 wk of large volume
therapeutic paracentesis.
Patients with Child-Pugh scores of greater than
10 have been excluded in most tolvaptan trials
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[82]

except for this study . The more severe forms
of hyponatremia (Na < 125 mmol/L) are seen in
patients with more advanced liver disease, and
hence the safety and efficacy of vaptans in this
group of patients with cirrhosis should be carefully
[80]
examined . It is conceivable that combining vaptans
with diuretics could be beneficial in patients with
refractory ascites reducing the frequency of large[28]
volume paracentesis . This hypothesis, however, was
not validated with large-scale randomized controlled
studies. We cannot generally recommend vaptans
for all refractory ascites, until they are proved to be
effective in the same kind of study that include only
patients with refractory ascites.
A low serum Na level is a strong predictor of pretransplant mortality, independent of the Model for End[83]
stage Liver Disease score (MELD) . Vaptans may
have some merit in the management of patients before
liver transplantation. This should be also evaluated in
an adequate control study.

Future possibility of ascites
treatment by diuretics and
vaptans
The doses of diuretics in combination with vaptans
have been reported to be variable; i.e., furosemide
20-80 mg/d and spironolactone 25-200 mg/d.
Large-doses of diuretics frequently lead difficultto-treat hyponatremia, which disturbs further use
of diuretics. Although the level of hyponatremia at
which diuretics should be abandoned is contentious,
most experts agree that they should temporarily
stop diuretics in patients whose serum Na decreases
[25]
to less than 120-125 mmol/L . By an addition of
vaptans we may continue diuretics to these severe
hyponatremic patients with ascites, or we may prevent
the development of severe hyponatremia itself in the
diuretic treatment. It is advisable to evaluate in a
prospective controlled study if we can decrease the
incidence of diuretic-intractable ascites by an early
combination of diuretics and vaptans. The fact that
disturbed water excretion already exists in the early
cirrhosis without hyponatremia may become the
theoretical basis for this strategy.
Considering the mechanism of water excretion,
markedly decreased GFR and distal delivery of fluid
may cancel the effect of vaptans. Although we have
no definite data yet, the effect of tolvaptan seems
weak in patients with renal dysfunction related to the
[82]
underfilling state. Except for Zhang et al ’s report,
we have no evidence to say that vaptans benefit
these advanced cases. More clinical data are needed
to know if tolvaptan is really effective for difficult-totreat ascites in patients with marked underfilling state.
Although vaptans show much promise, further study
is needed to clarify whether we can establish this
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drug in the outpatient setting as a combination with
[80]
diuretics and whether we can improve the morbidity
[2]
and cost burden .

CONCLUSION

12

Although there is no evidence that correcting the
serum Na influences the patient’s prognosis, it is clear
that severe hyponatremia leads to hospitalization,
discontinuation of diuretics and fluid restriction,
[80]
all of which are undesirable outcomes . Even if
hyponatremia is not the direct cause of symptoms, it
may lower the threshold for changes in mental status
[43]
resulting from poor cerebral perfusion . Therefore,
meticulous use of vaptans may become a choice
in the management of ascites and hyponatremia
before considering large-volume paracentesis or
TIPS. Although tolvaptan has a possibility to make
a breakthrough in the treatment of difficult-to-treat
ascites, its high price is a major barrier to go beyond
[2]
for the future .
Considering that the use of vaptans is only a
symptomatic therapy, we should make every effort to
improve the backgrounds of water retention. There
is now considerable evidence to suggest that longterm anti-HBV treatment can improve liver fibrosis
in patients with advanced hepatitis B virus-related
[84]
cirrhosis . As endotoxemia and resultant increase of
nitric oxide are important precipitating factors for the
underfilling state of cirrhotics, adequate management
[85]
of the gut-liver axis may merit the patients .
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Abstract
The gut microbiota has the capacity to produce a diverse
range of compounds that play a major role in regulating
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the activity of distal organs and the liver is strategically
positioned downstream of the gut. Gut microbiota
linked compounds such as short chain fatty acids, bile
acids, choline metabolites, indole derivatives, vitamins,
polyamines, lipids, neurotransmitters and neuroactive
compounds, and hypothalamic-pituitary-adrenal axis
hormones have many biological functions. This review
focuses on the gut microbiota and host metabolism
in liver cirrhosis. Dysbiosis in liver cirrhosis causes
serious complications, such as bacteremia and hepatic
encephalopathy, accompanied by small intestinal bacterial
overgrowth and increased intestinal permeability. Gut
dysbiosis in cirrhosis and intervention with probiotics and
synbiotics in a clinical setting is reviewed and evaluated.
Recent studies have revealed the relationship between
gut microbiota and host metabolism in chronic metabolic
liver disease, especially, non-alcoholic fatty liver disease,
alcoholic liver disease, and with the gut microbiota
metabolic interactions in dysbiosis related metabolic
diseases such as diabetes and obesity. Recently, our
understanding of the relationship between the gut and
liver and how this regulates systemic metabolic changes
in liver cirrhosis has increased. The serum lipid levels
of phospholipids, free fatty acids, polyunsaturated fatty
acids, especially, eicosapentaenoic acid, arachidonic acid,
and docosahexaenoic acid have significant correlations
with specific fecal flora in liver cirrhosis. Many clinical and
experimental reports support the relationship between
fatty acid metabolism and gut-microbiota. Various
blood metabolome such as cytokines, amino acids, and
vitamins are correlated with gut microbiota in probioticstreated liver cirrhosis patients. The future evaluation
of the gut-microbiota-liver metabolic network and the
intervention of these relationships using probiotics,
synbiotics, and prebiotics, with sufficient nutrition could
aid the development of treatments and prevention for
liver cirrhosis patients.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: The gut microbiota has the capacity to
produce a diverse range of compounds that have a
major role in regulating the activity of distal organs
and the liver is strategically positioned downstream
of the gut indicating the importance of the gut-liver
axis. This review focuses on gut microbiota and host
metabolism in liver cirrhosis. The serum lipid levels
of phospholipids, free fatty acids, eicosapentaenoic
acid, arachidonic acid, and docosahexaenoic acid have
significant correlations with specific fecal flora in liver
cirrhosis. Various blood metabolome such as cytokines,
amino acids, and vitamins are correlated with gut
microbiota in probiotics-treated liver cirrhosis patients.
Usami M, Miyoshi M, Yamashita H. Gut microbiota and host
metabolism in liver cirrhosis. World J Gastroenterol 2015;
21(41): 11597-11608 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i41/11597.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i41.11597

INTRODUCTION
An increasing amount of recent evidence has de
monstrated that several diseases, such as irritable
bowel syndrome, inflammatory bowel disease, diabetes,
allergy, cancer, obesity, autism and liver disease, are
related to alterations in intestinal microbiota (known
[1-3]
as dysbiosis) . Gut-derived complications in liver
cirrhosis such as small intestinal bacterial overgrowth
and increased intestinal permeability (leaky gut),
resulting in bacterial or endotoxin translocation-related
systemic disorders such as spontaneous bacterial
peritonitis, hyperdynamic state, portal hypertension,
hepatorenal syndrome, hepatic encephalopathy, and
multiple organ failure, have been reported in clinical
[2,4-8]
settings
. Different etiologies of liver cirrhosis,
including viral hepatitis, alcoholic liver disease (ALD),
and non-alcoholic fatty liver disease (NAFLD), have
different gut microbiota and mechanisms of developing
liver fibrosis. Furthermore, each disease has a different
hepatic metabolism, suggesting further development in
[2,7-9]
this research area
. However, there have been few
reports of correlations between gut microbiota and host
metabolism in cirrhotic patients. This review will discuss
(1) the relationship between gut microbiota and host
metabolism in general; (2) the results of intervention
for liver cirrhosis by probiotics; and (3) gut-microbiota
and host metabolism in cirrhosis and the use of
systems biology as a tool for analysis.

GUT MICROBIOTA AND HOST
METABOLISM
The anatomy of the liver provides its close interac
[9,10]
tion with the gut
. Gut-derived bacteria and their
components and metabolites, as well as nutrients
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and other signals are delivered to the liver via the
portal circulation. Then, the liver plays a crucial role
in defense against gut-derived materials, which is
[9,10]
defined as the gut-liver axis
. Gut microbiota
function as a bioreactor for autonomous metabolic and
immunological functions that can mediate responses
within the host environment in response to external
[11]
stimuli . The complexity of the gut microbiota
suggests that it behaves as an organ. Therefore, the
concept of the gut-liver axis must be complemented
with the gut-microbiota-liver network because of
the high intricacy of the microbiota components and
[11]
metabolic activities .
The host and its gut microbiota coproduce a large
array of small molecules during the metabolism of
food and xenobiotics (compounds of non-host origin
that enter the gut with the diet or are produced
by microbiota), many of which play critical roles in
communication between host organs and the host’s
microbial symbionts. The metabolite, gut microbiota, and
[12-40]
potential biologic functions are shown in Table 1
.
Short-chain fatty acids (SCFAs), predominantly
butyrate, acetate and propionate, are anaerobically
produced by gut microbiota in the intestine. SCFAs,
particularly butyrate, are a significant source of energy
for gut enterocytes, and influence the gastrointestinal
barrier function through the stimulation of tight junction
[41-43]
and mucous production
. The authors showed that
tight junction permeability was decreased by SCFAs
in a Caco-2 intestinal monolayer and human umbilical
vein endothelial cell monolayer, via lipoxygenase
[44,45]
activation in in vitro studies
. This suggests that
SCFAs may have biological effects in other organs
as well as the gastrointestinal tract. Furthermore,
there is growing evidence to suggest a role for SCFAs
[41]
in reducing inflammation . Our previous reports
showed that increased pro-inflammatory cytokine
production and nuclear factor kappa B activity induced
by lipopolysaccharide (LPS) were downregulated by
SCFAs using human peripheral blood mononuclear cells
[46-48]
and co-culture of macrophages and adipocytes
.
LPS-induced acute liver injury was attenuated by
orally administered tributyrin, a prodrug of butyrate
and a dairy food component, via increased portal vein
concentration up to one to two orders of magnitude
[49]
in rats . In humans, two reports by Bloemen et
[50,51]
al
measuring portal and hepatic venous SCFA
concentrations indicated a porto-systemic shunting
effect in liver cirrhosis patients.
SCFAs are also proposed to increase satiety fol
lowing the consumption of a diet rich in fiber as they
act as agonists for free fatty acid receptors 2 and
3 (FFAR2/3 known as G-protein coupled receptor;
GPR43/41). Both of these GPRs trigger the production
and release of glucagon-like peptide 1 (GLP-1), peptide
YY (PYY) and other gut hormones that stimulate
[52]
satiety in the host . Gut intestinal (GI) hormones
such as ghrelin and leptin secretion are mediated on
[18,53]
enteroendocrine cells by the action of SCFAs
.
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Table 1 Metabolite, gut microbiota, and potential biologic functions
Metabolites

Related bacteria

Short-chain fatty acids

Bile acids

Choline metabolites

Phenolic, benzoyl, and
phenyl derivatives

Indole derivatives

Vitamins
Polyamines
Lipids

Neurotransmitters and
neuroactive compounds:
serotonin, tryptophan,
kynurenine. dopamine,
noradrenaline, GABA
HPA hormones: cortisol

Potential biological functions

Clostridial clusters IV and
XIVa of Firmicutes, including
species of Eubacterium, Roseburia,
Faecalibacterium, and Coprococcus

Decreased colonic pH, inhibit the growth of pathogens; stimulate water and
sodium absorption; participate in cholesterol synthesis; provide energy to
the colonic epithelial cells; GI hormones secretion via enteroendocrine cells,
implicated in human obesity, insulin resistance and type 2 diabetes, colorectal
cancer. Immunological homeostasis in the gut
Lactobacillus, Bifidobacteria,
Absorb dietary fats and lipid-soluble vitamins, facilitate lipid absorption,
Enterobacter, Bacteroides, Clostridium maintain intestinal barrier function, signal systemic endocrine functions to
regulate triglycerides, cholesterol, glucose and energy homeostasis
Faecalibacterium prausnitzii,
Modulate lipid metabolism and glucose homeostasis. Involved in nonalcoholic
Bifidobacterium
fatty liver disease, dietary induced obesity, diabetes, and cardiovascular
disease
Clostridium difficile, F. prausnitzii,
Detoxification of xenobiotics; indicate gut microbial composition and
Bifidobacterium, Subdoligranulum,
activity; utilize polyphenols. Urinary hippuric acid may be a biomarker
Lactobacillus
of hypertension and obesity in humans. Urinary 4-hydroxyphenylacetate,
4-cresol, and phenylacetate are elevated in colorectal cancer. Urinary 4-cresyl
sulfate is elevated in children with severe autism
Clostridium sporogenes, E. coli
Protect against stress-induced lesions in the GI tract; modulate expression
of proinflammatory genes, increase expression of anti-inflammatory genes,
strengthen epithelial cell barrier properties. Implicated in GI pathologies,
brain-gut axis, and a few neurological conditions
Bifidobacterium
Provide complementary endogenous sources of vitamins, strengthen immune
function, exert epigenetic effects to regulate cell proliferation
Campylobacter jejuni, Clostridium Exert genotoxic effects on the host, anti-inflammatory and antitumoral effects.
saccharolyticum
Potential tumor markers
Bifidobacterium, Roseburia,
Impact intestinal permeability, activate intestine-brain-liver neural axis to
Lactobacillus, Klebsiella, Enterobacter, regulate glucose homeostasis; LPS induces chronic systemic inflammation;
Citrobacter, Clostridium
conjugated fatty acids improve hyperinsulinemia, enhance the immune
system and alter lipoprotein profiles. Cholesterol is the basis for sterol and
bile acid production
Lactobacillus ,Bifidobacterium,
Neurofunction related as mood, emotion, cognition, reward (CNS), motility/
Escherichia, Bacillus, Saccharomyces,
secretion and behavior
Candida, Streptococcus, Enterococcus

Lactobacillus, Bifidobacterium

Indirect regulation of HPA. Regulation of stress response, host metabolism,
anti-inflammation, wound healing, endocrine abnormalities prominent in
stress related psychiatric disorders

Ref.
[14-18]

[19-21]

[22,23]

[24,25]

[26-28]

[29,30]
[31,32]
[33,34]

[35-39]

[40]

GI: Gastrointestinal; LPS: Lipopolysaccharide; GABA: g-aminobutyric acid; CNS: Central nervous system; HPA: Hypothalamic-pituitary-adrenal. Adapted
from Ref. [12, 13] and revised by the authors.

SCFAs that traffic to distal sites and can be carried by
monocarboxylate transporters, which are abundantly
expressed at the blood-brain barrier then enter the
[54-57]
central nervous system
. However, it remains to be
definitively established whether alterations in intestinal
microbiota-derived SCFAs are actually reflected at
physiologically relevant concentrations in the central
[13]
nervous system .
Bile is composed of individual bile acid moieties,
mucous, phospholipids and biliverdin, and their
main physiological roles in the small intestine are
the emulsification of fats, the release of fat-soluble
[58]
vitamins and regulation of cholesterol metabolism .
Specific bile acids differentially act as ligands to
activate or repress host receptors, including farnesid X
receptor, pregnane X receptor, vitamin D receptor and
the GPR, TGR5. These receptors are expressed locally
on various intestinal epithelial cells and systematically,
within a diverse range of organs including both the liver
[21]
and adipose tissue . Therefore, bile acids function
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as systemic signaling molecules and significantly alter
[21,59]
host gene-expression profiles
.
Choline synthesized by intestinal biota is im
portant for lipid metabolism and is metabolized to
trimethylamine, then further metabolized in the liver
to trimethylamine-N-oxide that contributes to the
[22]
development of cardiovascular disease . Reducing
the bioavailability of choline can contribute to NAFLD
[60]
and altered glucose metabolism . Phenolic, benzoyl,
and phenyl derivatives produced by the detoxification
of xenobiotics have various bioactivities, are indicators
of microbial composition and activity, and are useful
[25]
biomarkers for several diseases including liver disease .
A significant amount of the neurotransmitter do
[61]
pamine is produced in the human gut . Norepinephrine
and dopamine production in the gut is mediated by
the expression of β-glucuronidases from commensal
gut bacteria through the cleavage of their inactive
[62]
conjugated forms . Nitric oxide produced by gut
[63]
microbes plays a pivotal role in gastric emptying . The
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inhibitory transmitter γ-aminobutyric acid is generated
by Lactobacillus brevis and Bifidobacterium dentium,
[64,65]
both of which have been isolated from humans
.
The precursors to neuroactive compounds, such as
tryptophan for serotonin function and the kynurenine
pathway, are controlled by gut-microbiota as a
bidirectional communication component of the brain-gut
[39]
axis .
The role of gut microbiota in the development of
the hypothalamic-pituitary-adrenal (HPA) axis has
[40]
been extensively analyzed using germ-free mice .
The concept of Microbial Endocrinology was reported
and the importance of controlling gut microbiota in
relation with various host functions was discussed by
[13,66]
Lyte and colleagues
.

GUT MICROBIOTA AND ITS
MANIPULATION IN LIVER CIRRHOSIS
The gut microbiota plays an important role in
the pathophysiology of cirrhosis. Changes in gas
trointestinal functions, including malabsorption and
small intestinal bacterial overgrowth, is common with
[67]
concomitant portal hypertension in cirrhosis patients .
Recent reviews reported the pathophysiologic changes
of gut microbiota in cirrhotic patients, gut-bacterial
interactions, “leaky gut”, translocation of bacteria
and gut-derived LPS in infectious complications,
spontaneous bacterial peritonitis, and hepatic
[2,5,68,69]
encephalopathy
. Hyperdynamic circulation,
portal hypertension, hepatic encephalopathy, renal
disturbance including hepatorenal syndrome, and
cirrhotic cardiomyopathy in cirrhosis are correlated
[6]
with endotoxemia .
ALD is a spectrum of alcoholic diseases inclu
ding steatosis, steatohepatitis, acute alcoholic
steatohepatitis, alcoholic fibrosis, and cirrhosis
(Laennec’s Cirrhosis) caused by excessive alcohol use
[9]
over a prolonged period of time . Multiple pathogenic
factors are involved in the development of ALD. Alcohol
and its metabolites induce reactive oxygen species and
hepatocyte injury through mitochondrial damage and
[70,71]
endoplasmic reticulum stress
. The activation of
Kupffer cells has been identified as a central element
in the pathogenesis of ALD. Kupffer cells and recruited
macrophages in the liver are activated by LPS through
Toll-like receptor (TLR) 4, and LPS levels increase in
the portal and systemic circulation after excessive
[72]
alcohol intake . Fibrosis is a dynamic and progressive
process governed by stellate cell activation by LPS,
TLR4 and inflammatory cytokines such as transforming
[73]
growth factor-β signaling .
NAFLD is the most common cause of chronic
liver disease worldwide as a result of the increasing
prevalence of obesity, characterized by a spectrum
of liver diseases ranging from simple fatty liver
(NAFL) to steatohepatitis (NASH) with a possible
[11]
progression to fibrosis . The concept of the gut-liver
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axis may be complemented with the gut-microbiotaliver network because of the high intricacy of the
microbiota components and metabolic activities; these
activities form the active diet-driven power plant of the
[11,74]
host
. However, there have been few descriptive
studies on gut-microbiota composition under NASH
and NAFLD conditions; therefore, the type and role
of gut microbes in human liver damage are poorly
[11]
understood . The use of meta-omic platforms to
assist the understanding of NAFLD gut-microbiota
alteration as a tool and its application in patients has
[11]
been proposed . A detailed explanation of the metaomic platform is described later.
As for the therapeutic approach to control dysbiosis,
selective digestive decontamination (SDD), probiotics,
prebiotics, and synbiotics have been performed. SDD
is a method to treat bacterial translocation-related
complications caused by poorly absorbed antibiotics
such as quinolone. SDD was effective in some studies
but a major concern of long-term antibiotic prophylaxis
is the development of antibiotic-resistant bacteria and
[75]
increased infections in chronic disease situations .
In this review, probiotics and synbiotics in liver
cirrhosis are discussed. Probiotics were defined
by the World Health Organization in 2001 as “live
microorganisms, when administered in adequate
amounts, confer a health benefit on the host”. Prebiotics
belong to a group of nondigestive food constituents that
selectively alter the growth and/or activity of bacteria in
the colon. The combined use of probiotics and prebiotics
is called synbiotics. Bifidobacteria and Lactobacilli,
the main species of probiotics, are considered as
nonpathogenic to humans. The pathophysiologic
basis for using probiotics in liver disease is as follows:
(1) prevention of infection; (2) improvement of
the hyperdynamic circulatory state of cirrhosis; (3)
prevention of hepatic encephalopathy; (4) improvement
of liver function; and (5) therapeutic potential of
[76]
NAFLD .
Infection, such as spontaneous bacterial peritonitis
and endotoxemia, can be induced in compensa
ted and decompensated cirrhotic patients with or
[77,78]
without surgery. Rayes et al
also reported the
beneficial effects of probiotics against infectious
complications in cirrhosis patients that underwent liver
transplantation or liver resection. We reported that
synbiotics (Bifidobacterium, Lactobacillus, and galactooligosaccharides) treatment attenuated the decrease
in intestinal integrity as assessed by serum diamineoxidase activity and reduced infectious complications
[79]
after hepatic surgery . Meta-analysis indicated an
apparent reduction of infectious complications (odds
[80]
ratio 0.24) in abdominal surgery . However, a small
size randomized controlled clinical trial showed that
®
VSL#3 treatment to decompensated cirrhotic patients
reduced plasma aldosterone, but did not reduce the
[81]
incidence of spontaneous bacterial peritonitis . As for
hyperdynamic circulation, a prospective study reported
®
that VSL#3 improved hemodynamic states, hepatic

11600

November 7, 2015|Volume 21|Issue 41|

Usami M et al . Gut and host metabolism in cirrhosis
Table 2 Effects of the probiotics intervention on gut microbiota composition and its clinical and/or biochemical consequences
Type of
study

Category of patients/duration of
treatment

Probiotics

Clinical outcome

Ref.

RCT

36 cirrhotics/6 mo

Blood ammonia levels

[88]

RCT

65 cirrhotics/6 mo

Lactobacillus.acidophilus, Lactobacillus
bulgaricus, Bifidobacterium lactis and S.
thermophiles
Lactobacilli

R

RCT
RCT

RCT

RCT
RCT

RCT

RCT

RCT
RCT

RCT
RCT

Incidence of HE, hospital admission, plasmaammonia level, serum bilirubin level
50 cirrhotics/14 d
Bifidobacterium, L. acidophilus and Enterococcus Bifidobacterium count, fecal pH, fecal and
vs Bacillus subtilis and Enterococcus faecium
blood ammonia in both groups, endotoxin
level only with B. subtilis and E. faecium
17 cirrhotics with HVPG > 10 mmHg/2
VSL # 3®
Plasma aldosterone
mo
41 chronic liver disease/14 d
Bifidobacterium bifidus, L. acidophilus,
E. coli count, intestinal flora imbalance,
Lactobacillus bulgaricus, and S. thermophilus
improvement in debilitation, food intake,
abdominal distension, and ascitic fluid
66 cirrhotics underwent liver
Pediacoccus pentosaceus, Leuconostoc
Infectious complication
transplantation/2 wk after the operation
mesenteroides, Lactobacillus paracasei and
Lactobacillus plantarum
39 cirrhotics/42 d
E. coli Nissle
Endotoxemia, Child-Pugh score, Restoration
of normal colonic colonization
63 cirrhotics patients with large
Propranolol plus VSL # 3®
HVPG, plasma TNF-α levels.
oesophageal varices without history of
variceal bleeding/2 mo
25 nonalcoholic minimal HE cirrhotics
Yogurt contained L. bulgaricus and S.
Minimal HE
(defined by a standard psychometric
thermophilus
battery)/60 d
61 cirrhotics underwent hepatic
Lactobacillus casei strain Shirota,
Intestinal integrity, infectious complication
surgery/2 wk before and after surgery
Bifidobacterium breve strain Yakult, and
galactooligosaccharides
63 cirrhotics underwent liver
L. plantarum 299 and oat fiber
Infectious complication
transplantation/12 d after the operation
50 cirrhotics underwent living donor
L. casei strain Shirota, B. breve strain Yakult,
Infectious complication
liver transplantation/2 d and 2 wk before
and galactooligosaccharides
and after the operation, respectively
30 cirrhotics with minimal HE/4 wk
Lactobacillus GG
Endotoxemia, gut dysbiosis, gut microbiomemetabolome linkages
138 cirrhotics/3 mo
VSL # 3®
HE, small intestinal bacterial overgrowth

[83]
[89]

[81]
[90]

[78]

[91]
[92]

[93]

[79]

[77]
[94]

[69]
[84]

HE: Hepatic encephalopathy; HVPG: Hepatic venous pressure gradient; RCT: Randomized controlled trial; R: Randomized.

venous pressure gradients, cardiac index, heart
rate, systemic vascular resistance, and mean arterial
pressure, without any adverse reactions in cirrhosis
[82]
patients with ascites . Several reports showed that
probiotics treatment to cirrhosis patients prevented
hepatic encephalopathy with decreased blood
[83,84]
ammonia or bilirubin levels
. The mechanism of
hepatic encephalopathy prevention is the improvement
of small intestinal bacterial overgrowth and gut
[84]
®
dysbiosis . VSL#3 treatment improved hepatic
function, serum aspartate transaminase and alanine
transaminase levels, both in NAFLD and cirrhosis
[85]
patients with ALD and hepatitis C virus infection .
As for NAFLD, the immune-regulatory effects of
probiotics may be beneficial in NAFLD treatment,
and they should be considered a complementary
therapeutic approach in NAFLD patients as indicated in
[86]
a review by Ferolla et al . The mechanisms of action
are increased fatty acid formation, change in colonic
pH, growth factor induction, change in intestinal
flora, bacterial adherence inhibition by colonization
resistance, immune modulation, increased phagocyte
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activity, increased IgA secretion and modulation of
[87]
lymphocyte functions .
[69,77-79,81,83,85,88-94]
Table 2
shows the main randomized
controlled studies in cirrhosis patients. These reports
suggest that probiotics treatment improved gut
dysbiosis and bacterial translocation, leading to
the improvement of cirrhosis prognosis. Trials with
probiotics in general have been limited by a lack of
stability of the products as a drug and differences
[93,95]
among bacterial species and subspecies
. Therefore,
the results have been heterogeneous with regard
to the duration, type of organism or combination
of organisms and outcomes, and mixed results
been achieved. The properties of different probiotic
species vary and can be strain-specific. This is also
complicated by a lack of uniformity in batch-to-batch
formulations and studies not being performed under
an investigational new drug regulatory procedure.
The variety of available probiotics also makes the
accumulation of evidence difficult. Furthermore, a
risk of bacterial sepsis and fungal sepsis should be
[96]
considered in infants and immune-deficient patients .
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GUT MICROBIOTA AND HOST
METABOLISM IN LIVER CIRRHOSIS
The effect of gut microbiota on host metabolism has
been reported in the context of host-gut microbiota
metabolic interactions in dysbiosis related metabolic
diseases (diabetes, obesity and chronic liver disease)
as various obesity-associated mechanisms including
insulin resistance, fibrosis, and abnormalities in
[8,86,97]
lipid metabolism
. However, few studies on the
association between gut microbiota and metabolism in
cirrhosis have been reported.
We previously reported the measurement of fecal
microbiota, organic acids, and plasma lipids in hepatic
cancer patients in three different groups characterized
by histopathology as normal liver, chronic hepatitis/
[46]
liver fibrosis, and liver cirrhosis . These data were
obtained by fecal culture without using probiotics
and by comparison among different liver diseases.
The serum lipid levels of phospholipids, free fatty
acids, eicosapentaenoic acid (EPA), EPA/arachidonic
acid (AA) ratio, AA and docosahexaenoic acid (DHA)
had significant correlations with specific fecal flora,
such as Bifidobacterium, Bacteroides, Lactobacillus,
Enterococcus, Enterobacteriaceae, and Candida (Figure
1). These correlations differed among the three groups
suggesting that chronic liver disease itself modifies
fatty acid metabolism induced by intestinal flora.
These data indicate that the relationship between gut
microbiota and host metabolism differs by metabolic
activity of the liver, indicating that individual “the gutmicrobiota-liver network” exists in each clinical disease
entities and the importance to evaluate in future
[11]
studies .
With regards to polyunsaturated fatty acids, Wall
[98]
et al
performed a mouse study investigating the
effects of Bifidobacterium breve NCIMB 702258
administration with coadministration of α-linolenic acid
on fatty acid composition of the liver, adipose tissues,
large intestine and brain, and showed increased c9,
t11 conjugated linoleic acid and EPA levels in the liver,
while Bifidobacterium administration alone did not
[99]
change the EPA levels in normal mice. Wall et al
also demonstrated increased EPA levels in adipose
tissues from severe combined immunodeficient
mice after Bifidobacterium breve NCIMB 702258
administration. Conjugated linoleic acid is a microbial
[100]
metabolite associated with the alleviation of NAFLD .
[101]
Kankaanpää et al
reported the effects of 8 wk
of Bifidobacterium Bb-12- or Lactobacillus CGsupplemented infant formula administration on the
plasma fatty acid composition in infants. They found
that Bifidobacterium decreased serum phospholipid EPA
to 61% and AA levels to 77% compared with baseline
values. In addition, Lactobacillus decreased EPA to 22%
and AA to 62%. These reports described the effects
of probiotics on host fatty acid compositions, but the
results differed among the probiotics used and the host

WJG|www.wjgnet.com

conditions. It was recently demonstrated that exposure
of the human intestinal mucosa to Lactobacillus
plantarum WCFSI induced the upregulation of genes
in the intestinal mucosa involved in lipid/fatty acid
transport, uptake and metabolism, such as CD36 and
[102]
microsomal triglyceride transfer protein
. Several
genes participating in mitochondrial and peroxisomal
[102]
fatty acid metabolism were also upregulated .
With regards to liver damage and metabolism in
hepatitis C virus patients, hepatitis C virus genotype 3
infection perturbed glucose homeostasis through several
direct and indirect mechanisms, leading to both hepatic
and extrahepatic insulin resistance and accelerated
disease progression including the development of
[103]
hepatocellular carcinoma and type 2 diabetes
.
Furthermore, changes in polyunsaturated fatty acids
and lipid metabolism induced by hepatitis C core protein
is thought to be involved in the pathogenesis of lipid
[102,104]
metabolism disorders
. The administration of AA
or EPA modulated the hepatitis C viral mechanism in
[105]
hepatocytes . Every step of the hepatitis C virus life
[106]
cycle is intimately connected to lipid metabolism .
[69]
Bajaj et al
reported gut microbiota and serum/
urine metabolome in a phase I randomized clinical
trial using probiotic Lactobacillus GG (LGG) in patients
with cirrhosis. They showed the safety and tolerance
of 4 wk LGG administration in cirrhosis patients,
which improved endotoxemia and gut dysbiosis.
Furthermore, significant gut microbe-metabolome
linkage was obtained by LGG as the results of system
biology analysis. Figure 2 shows the correlation
network among changed gut microbiota by LGG
and metabolomic analysis. For example, a reduction
in Enterobacteriaceae was associated with a linked
change with anti-inflammatory cytokine IL-13 and
ammoniagenic amino acids that was not seen in
the placebo group. Changes in the levels of several
vitamins in the blood were also observed following
the co-administration of multivitamins with sufficient
nutrition in both the LGG and placebo groups in their
study.
Obesity-associated hepatocellular carcinoma was
recently attributed to molecular mechanisms such
as chronic inflammation caused by adipose tissue
remodeling and pro-inflammatory adipokine secretion,
ectopic lipid accumulation and lipotoxicity, altered
gut microbiota, and disrupted senescence in stellate
cells, as well as insulin resistance leading to increased
levels of insulin and insulin-like growth factors. LPS, a
pathogen-associated molecular pattern recognized by
TLR4, initiated various inflammatory and oncogenic
pathways to develop hepatocarcinogenesis and
was enriched in the intestine of obese humans and
[97,107]
rodents
.
The complexity of the gut microbiota could be
revealed using a recent systems biology culturomicsbased method, genomic- and metagenomic-based
methods, and proteomic- and metabolomic-based
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Figure 1 Correlation networks among fecal microflora and organic acid and serum organic and fatty acid concentrations in hepatic cancer patients.
Square boxes indicate fecal components and ellipsoids indicate serum components. Solid lines indicate positive correlations and dotted lines indicate negative
correlations. A: Normal liver group; B: Chronic hepatitis or liver fibrosis group; C: Liver cirrhosis group. aP < 0.05 and bP < 0.01 by Pearson’s correlation coefficient test.
Bact: Bacteroidaceae; Bifi: Bifidobacterium; Lact: Lactobacillus; Enteroba: Enterobacteriaceae; Enteroco: Enterococcus; Cand: Candida; C1: Formic acid; C2: Acetic
acid; C3: Propionic acid; C4: Butyric acid; AA: Arachidonic acid; EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; FFA: Free fatty acid; PL: Phospholipid.
Data adapted from Usami et al[46].
[11]

methods . Samples from the gut or other microbiota
(e.g., feces and saliva) are assayed on solid media
selective for axenic cultivation. Isolated microbial
colonies are subjected to peptide extraction before
matrix-assisted laser desorption/ionization timeof-flight (MALDI-TOF)-based mass-spectrometry
processing and species identification by peptide
fingerprinting in the culturomics-based method.
After standardized DNA extraction and quality control
protocols, metagenomic sequences from the microbiota
are generated by prosequencing selected 16S rRNA
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regions from microbial genomes by metagenomicbased methods. The detection of metabolites from
samples such as feces, urine, blood, plasma and saliva,
can be performed using metabolomic approaches
including gas-chromatography mass spectrometry,
1
proton nuclear magnetic spectroscopy ( H-NMR)
and a liquid chromatography mass spectrometry in
metabolomic-based method. These are recommended
as platforms to understand further the gut-microbiota[11,108]
liver metabolic network
.
This review highlighted recent studies that re
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Figure 2 Sub-networks showing correlation network differences from baseline to week 8 in placebo and in Lactobacillus GG groups separately centered
on selected bacterial taxa. Color of nodes: Blue, inflammatory cytokine; light green, serum metabolites; dark green, urine metabolites. Color of edges: pink, negative
remained negative but there is a net loss of negative correlation; dark blue, negative changed to positive; yellow, positive remained positive but there is a net loss of
positive correlation; red, positive to negative; dark green, complete shift of negative to positive; military green, complete shift of positive to negative. A, B: Sub-networks
of correlation changes centered around Enterobacteriaceae; C, D: Sub-networks of correlation changes centered around Clostridiales Incertae Sedis XIV; E, F: Subnetworks of correlation changes centered around Ruminococcaceae; G, H: Sub-networks of correlation changes centered around Lachnospiraceae. NSE: Neuronspecific enolase; IL: Interleukin; IFN: Interferon; LysoPC: Lysophosphatidylcholine; LysoPE: Lysophosphatidylethanolamine; ADMA: Asymmetricdimethylarginine;
Rumino: Ruminococcaceae. Data adapted from Bajaj et al[69].

ported an association between gut microbiota and
host metabolism in cirrhosis. However, those reports
mark the beginning of a new research area of the
gut-liver axis. The liver is the central organ in host-
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metabolism and future studies are important and will
form a new research area in the setting of the gutmicrobiota-liver metabolic network. Hopefully this will
contribute to interventions for the development of
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liver cirrhosis and related infectious and non-infectious
complications including metabolic disturbances evoked
by the gut-liver axis, especially in ALD, NAFLD and
hepatocarcinogenesis.

13

14

CONCLUSION
Gut microbiota can produce a diverse range of
compounds that play a major role in regulating the
activity of distal organs and the liver is strategically
positioned downstream of the gut. We are gaining
increased insight into the close relationship between
the gut and the liver evoked by systemic metabolic
changes. The evaluation of the gut-microbiota-liver
metabolic network and the intervention of these
relationships using probiotics, synbiotics, prebiotics
with sufficient nutrition might aid the development of
treatment and prevention for liver cirrhosis patients.
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Abstract
Although recent diagnostic and therapeutic advances

WJG|www.wjgnet.com

have substantially improved the survival of patients
with gastric cancer (GC), the overall prognosis is still
poor. Surgery is the only curative treatment and should
be performed in experienced centers. Due to high
relapse following surgery, complementary and systemic
treatment aimed at eradicating micrometastasis should
be performed in most cases. Cytotoxic treatments are
effective in downstaging locally advanced cancer, but
different sensitivities and toxicities probably exist in
different GC subtypes. Current treatment protocols
are based primarily on clinical data and histological
features, but molecular biomarkers that would allow
for the prediction of treatment responses are urgently
needed. Understanding how host factors are responsible
for inter-individual variability of drug response or
toxicity will also contribute to the development of more
effective and less toxic treatments.
Key words: Gastric cancer; Multidisciplinary treatment;
Therapeutic strategies; Curative surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There has been much progress in the past
decades regarding the identification of risk factors for
gastric cancer and understanding its pathogenesis.
Diagnostic and therapeutic management of this disease
has also improved significantly in the past few years.
Despite these advances, prognosis remains dismal, and
new therapeutic options are urgently needed. Hopefully,
in the years to come, treatments will be tailored for a
given patient based on tumor characteristics and host
factors, with the aim of increasing therapeutic efficacy
and decreasing toxicity. Faraway, so close!
Cravo M, Fidalgo C, Garrido R, Rodrigues T, Luz G, Palmela
C, Santos M, Lopes F, Maio R. Towards curative therapy in
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INTRODUCTION
Gastric cancer (GC) is a major public health issue, and
it is the fourth most common cancer and the second
[1]
leading cause of cancer-related death . It is usually
diagnosed at an advanced stage, and, consequently, the
prognosis is dismal. Although surgery is the definitive
therapy, rates of recurrence are high, creating the need
for neoadjuvant or adjuvant therapy. These therapies
have improved significantly the 5 year survival of
these patients but not all patients benefit equally from
these treatment options. The ability to predict patient
response to specific therapies would be particularly
valuable and would allow for the stratification of
patients for personalized treatment strategies, likely
with less toxicity. Recent advances have improved
our understanding of gastric carcinogenesis with
an unprecedented opportunity of developing novel
therapeutic strategies. Exploring and validating tissuebased biomarkers are ongoing processes, which will
certainly open new avenues for treating and improving
the prognosis of patients with GC.

RISK FACTORS FOR GC
Like other human cancers, GC is the end result of the
interplay of environmental and susceptibility factors.
The striking geographic variation in GC incidence
reflects early role of environmental exposure rather
than genetics, as migration studies have confirmed a
decline in incidence in subsequent generations. The
only environmental factor that is considered to be a
type I carcinogen by the World Health Organization
[2]
is Helicobacter pylori (H. pylori) . This bacterium
can have a lifelong uneventful relation with its host
but, in a minority of cases, causes peptic ulcer, both
intestinal and diffuse type gastric adenocarcinoma and
gastric mucosa associated lymphoid tissue (MALT)
lymphoma. About 50% of the world’s population is
infected with H. pylori, but less than 0.5% of infected
individuals will develop GC. This disparity reflects the
variation in the pathogenicity of bacterial strains as
well as host inflammatory genetic susceptibility factors
such as interleukin (IL)-1B, IL-8, IL-10, interferon
(IFN)-gamma, and tumor necrosis factor beta (TNF-β)
[2]
polymorphisms . H. pylori infection causes chronic
inflammation, accumulation of reactive oxygen species
(ROS), and oxidative damage in the gastric mucosa,
thereby promoting the sequential progression of
normal gastric epithelium through atrophic gastritis,
intestinal metaplasia, and dysplasia to carcinoma.
Advanced atrophic corpus-predominant gastritis and
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subsequent development of intestinal metaplasia
[3]
provide the histological base for GC genesis . This
model of precancerous lesions is currently accepted,
and surveillance recommendations apply to patients
[3]
at increased risk . The intestinal-type GCs are more
related to atrophic gastritis, intestinal metaplasia, and
dysplasia, but H. pylori infection is also associated with
an increased risk of diffuse-type GC.
In addition to H. pylori, dietary and lifestyle factors
may also modify the risk of developing GC. Low
socioeconomic status and associated conditions have
[4]
been linked with a two-fold increase in GC risk .
Subjects belonging to a low socioeconomic status
have a higher prevalence of H. pylori infection, more
frequent smoking habit, and less vegetables and fruit
[5]
intake than the general population . In an analysis of
the European Prospective Investigation into Cancer and
Nutrition (EPIC-EURGAST), there was a 45% higher
risk of GC associated with ever smoking compared to
[6]
never smoking . In a meta-analysis with 42 articles,
[7]
Ladeiras-Lopes et al concluded that smoking is the
most important behavioral risk factor for GC. Heavy
alcohol intake has been linked to some increased GC
[8]
risk, mainly in men . Nonetheless, as heavy drinkers
usually smoke and have a poor diet, there may be
[4]
some confounding factors in these conclusions .
Among dietary factors, N-nitroso compounds (including
nitrosamine) are proven animal carcinogens. Potential
sources of N-nitroso compounds are beer, processed
(smoked, cured, salted, and pre- served) meats,
[8]
red meat, and tobacco smoke . In the EPIC cohort,
the authors found no association between nitrites
and nitrosodimethylamine intake and GC risk, but
endogenous production of N-nitroso compounds was
[9]
significantly associated with non-cardia cancer risk .
A meta-analysis in 2012, including 2076498 patients,
showed a significant positive association between high
[10]
salt intake and GC . High salt intake damaged gastric
mucosa and increased the susceptibility to carcinogenesis
in studies with rodents.
In respect to protective factors, intake of nonstarchy vegetables and fruits has been associated with
a moderately decreased risk of GC in many cohort-,
[4,5]
population- and hospital-based case-control studies .
In a reanalysis of the EPIC cohort, a negative and
significant association was observed between total
vegetable, fruit, and flavonoid intake and dietary total
[11-13]
antioxidant capacity and risk of GC
. This protection
afforded by vegetables and fruits may derive from
their content in antioxidants (such as vitamin C), which
may reduce the formation of N-nitroso compounds in
[5]
the stomach .
A recent large European prospective cohort study
investigated the combined impact of the above-cited
[14]
behaviors on GC risk using a healthy lifestyle index .
The authors concluded that adopting a combination
of lifestyle behaviors, including not smoking, limiting
alcohol consumption, following a healthy dietary
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pattern (represented by the Mediterranean diet), and
having a normal body mass index can dramatically
decrease the burden of GC. In 2003, in a meta[15]
analysis by Wang et al
including 2831 GC patients,
regular NSAIDs users had a reduced risk of GC (OR =
0.78, 95%CI: 0.69-0.87). These results have recently
[16]
been confirmed in a wide systematic review . The
pro-apoptotic and anti-angiogenesis effects of NSAIDs
are known to inhibit carcinogenesis in patients with
colonic polyps, and NSAIDs may act in a similar way
[4]
in gastric mucosa . To date, no randomized controlled
studies exist on the long-term effect of NSAIDs alone
on the development of GC, and the alleged protective
effect could simply reflect the “protective user effect”,
as most individuals eligible for sustained NSAID
chemoprophylaxis do not usually suffer from gastric
disease.
The decrease of distal GC prevalence that has been
[17]
consistently described in a number of studies
could
very well be the result of life style changes associated
with improvement of economic status, better hygiene,
[4,5]
and consequent decrease of H. pylori infection .

PATHOGENETIC MECHANISMS OF
GASTRIC CARCINOGENESIS
About 95% of gastric tumors are adenocarcinomas,
which can be classified into well differentiated
(intestinal), undifferentiated (diffuse), and mixed
types. Further knowledge about GC heterogeneity has
been provided by The Cancer Genome Atlas Research
Network. Through the molecular characterization
of 295 gastric adenocarcinomas, four GC subtypes
have been proposed: microsatellite unstable tu
mors; genomically stable tumors; tumors displaying
chromosomal instability; and Epstein-Barr positive
[18]
tumors . Hopefully, this subtype analysis will aid in
the development of tailored therapeutic strategies for
selected patients.
Like other cancers, GC is a complex, multistep,
and molecularly heterogeneous disease, involving
deregulation of canonical oncogenic pathways, such as
p53, Wnt/β-catenin, and nuclear factor (NF)-κB, among
others. While most intestinal-type of GCs progress
through the multistep cellular dedifferentiation
[19]
described by Correa , most diffuse-type cancers
involve the sporadic or syndromic loss of expression of
adhesion protein E-cadherin (CDH1). This is a calcium
dependent cell-to-cell adhesion glycoprotein that plays
a critical role in maintaining the normal epithelium
architecture. The cytoplasmic domain of this molecule
interacts with β-catenin, forming strong cohesive nets
between the actin cytoskeleton, essential for processes
of cell-cell adhesion. Inactivation of CDH1 by mutation,
deletion, or aberrant methylation leads to enhanced
cellular motility resulting in tumor dedifferentiation
[20]
and invasiveness . Inactivation of CDH1 has been
described in over 50% of diffuse GC but also in a small
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[20]

proportion of intestinal-type tumors

.

Stem cell hypothesis

Most of the molecular events described above have
been extensively characterized. Irrespective of the
type or order in which these events to promote gastric
carcinogenesis, the stem cell hypothesis states that
tumors are heterogeneous, and there is a subset of
cells capable of self-renewal, asymmetrical division,
and differentiation with the ability of generating a
[21]
new tumor. Takaishi et al
identified CD44 as a
gastric stem cell marker. The origin of cancer stem
cells (CSCs) could be differentiation of epithelial
stem cells (epithelial-mesenchymal transition (EMT))
or recruitment of bone marrow derived stem cells
[22]
(BMDSCs). Houghton et al published a breakthrough
paper in Science in 2004, claiming that GC could
originate in the bone marrow. Using a model of
Helicobacter infected mice, the authors demonstrated
that BMDSCs repopulated the gastric epithelium
and progressed from metaplasia to dysplasia and
later to intra-epithelial cancer. The authors proposed
that chronic inflammation induced by H. pylori
promoted cytokine release and mesenchymal stem
cell recruitment from the bone marrow. These bone
marrow stem cells are capable of homing to the
stomach epithelium and differentiating into gastric cells
[23]
through fusion .
One of the most important steps in carcinogenesis
is the moment when cancer becomes a systemic
disease. The EMT is the developmental process
whereby epithelial cells acquire the migratory
capacities of mesenchymal cells. These mechanisms
involve replacement of E-cadherin by N-cadherin,
metalloproteinase increase, and transcription of Snail
[24]
[25]
and ZEB . Very recently, Choi et al
showed that
H. pylori induced EMT by comparing the expression of
TGF-B1 and EMT markers (Twist, Snail, Slug, vimentin,
and E-cadherin) in controls and patients with gastric
dysplasia and early GC (EGC) before and after H. pylori
eradication with a follow up of 46 mo. TGF-B1, Twist,
Snail, Slug, vimentin, and CD44 were upregulated
in patients with dysplasia and EGC while E-cadherin
was decreased. After H. pylori eradication, E-cadherin
expression was enhanced while the other markers
were reduced. These authors proposed that H. pylori
triggers both the EMT pathway and the emergence of
gastric stem cells.
As appealing and out of the box as the stem cell
hypothesis may be, it has not yet produced specific
therapeutic targets, and its mechanisms seem too
ubiquitous to be targeted.
Although much has been made in the past decades
regarding the understanding and identification
of genetic and epigenetic events that can drive
normal gastric mucosa to cancer, we now need to
use proteomic and metabolic approaches to design
targeted and effective therapies in patients with GC.
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Neoadjuvant/ perioperative chemotherapy

Table 1 Randomized trials of surgery with and without
neoadjuvant or perioperative chemotherapy in resected gastric
cancer
Ref.
Cunningham
et al[27], 2006
Ychou et al[49], 2011
Schuhmacher
et al[28], 2010

n

Chemotherapy

Hazard ratio for survival
(95%CI)

503

ECF

0.75 (0.60-0.93)

224
144

PF
PF

0.69 (0.50-0.95)
No significant survival
difference

ECF: Epirubicin/cisplatin/5-fluorouracil; PF: Cisplatin/5-fluorouracil.

Given the role of these molecular events in directing
the pathogenesis of GC, studying their signatures and
developing them as biomarkers for targeted therapies
is likely to impact significantly the outcome of these
patients

THERAPEUTIC STRATEGIES IN GC
Perioperative therapies - chemo and chemoradiotherapy

Currently, surgical resection is the only curative
therapy for non-metastatic gastric adenocarcinoma.
However, since GC may be a systemic disease from
the beginning, it follows that patients submitted to
surgery alone were prone to locoregional or distant
recurrences of their disease.
Due to large scale randomized trials demonstrating
that preoperative and perioperative chemotherapy
(CT) improves the clinical outcome for patients with
[26-28]
GC
, a standard medical treatment of GC has
[29]
been defined . Patients with potentially resectable
tumors are treated with surgery and perioperative
[30,31]
CT or postoperative chemoradiotherapy (CRT)
.
In most European countries, combined preoperative
and postoperative administration of CT, as in the
[27]
multinational MAGIC trial , is the preferred treatment
strategy. In North America, most centers perform
postoperative CRT according to the large American
Intergroup trial (INT0116). The latter is criticized by
some, as inadequate surgical lymphadenectomy may
[31]
have led to overestimation of the benefit . This is
supported by retrospective data from the Dutch D1D2
trial, which demonstrated that CRT reduced local
recurrence rates following D1 resection but provided no
[32]
benefit in patients who have undergone D2 resection .
Cytotoxic therapy provides positive response
[33]
rates ranging from 20%-60% , which is a major
breakthrough if we remember that two decades ago
CT was used solely in the palliative setting because the
chemosensitivity of GC was considered very mild.
Although there are a few studies evaluating clinical
and pathological predictors of response and prognostic
factors in the neoadjuvant setting, none of the
potential markers have been validated in prospective
[34-36]
studies
.
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Neoadjuvant CT is administered as a means of “down
staging” a locally advanced tumor prior to an attempt
at curative resection. This approach has been applied to
patients thought to have resectable disease as well as
those with apparently unresectable but nonmetastatic
disease. One proposed advantage is better compliance
to CT, usually, in the neoadjuvant setting. Another
benefit of neoadjuvant CT is in patients who are at high
risk of developing distant metastases (e.g., those with
bulky T3/T4 tumors, visible perigastric nodes) who may
be spared the morbidity of unnecessary gastrectomy if
evidence of distant metastases emerges after CT.
Three large, adequately powered trials have directly
compared surgery with or without neoadjuvant or
perioperative CT, two of which demonstrated a survival
[26-28]
benefit for this approach
. A meta-analysis of these
three trials plus two other trials, which compared
[37,38]
preoperative oral fluoropyrimidine vs surgery alone
,
and seven other smaller trials, which compared a
variety of preoperative CT regimens vs surgery alone,
concluded that neoadjuvant CT was associated with
a statistically significant benefit in terms of both
overall survival (OR = 1.32, 95%CI: 1.07-1.64) and
progression free survival (PFS) (OR = 1.85, 95%CI:
[30]
1.39-2.46) . Furthermore, neoadjuvant CT was
associated with a significantly higher complete (R0)
tumor resection rate (OR = 1.38, 95%CI: 1.08-1.78)
and did not significantly worsen rates of operative
complications, perioperative mortality, or grade 3 or 4
adverse effects (Table 1).
In terms of patient selection for this approach, it
is reasonable to utilize the eligibility criteria for the
MAGIC trial: patients of any age with a performance
status of 0 or 1, with a histologically proven adeno
carcinoma of the stomach that was considered to
invade the muscular propria (T2) and/or with positive
lymph nodes N+, and with no evidence of distant
metastases or locally advanced inoperable disease, as
evaluated by computed tomography, ultrasonography,
[27]
and laparoscopy .

Neoadjuvant chemotherapy vs neoadjuvant
chemoradiotherapy

Preoperative combined CRT and radiation therapy
(RT) is more commonly used for esophageal, eso
phagogastric junction (EGJ), and gastric cardia cancers
than for potentially resectable non-cardia gastric
adenocarcinomas. Neoadjuvant CRT was compared with
[39]
induction CT alone in the multicenter German POET .
Although there were potentially clinically meaningful
survival differences that favored CRT, they were not
statistically significant. Furthermore, whether the results
can be extrapolated to patients with true non-cardia GC
is uncertain. The ongoing TOPGEAR trial addresses the
question whether neoadjuvant CRT is superior to CT in
[40]
a phase Ⅱ/Ⅲ setting .

11612

November 7, 2015|Volume 21|Issue 41|

Cravo M et al . Gastric cancer: Faraway, so close!
Table 2 Randomized trials of adjuvant chemo or chemoradiotherapy in resected gastric cancer
Ref.
Lee et al[41], 2012
Yu et al[45], 2012
Kim et al[44], 2012
Kwon et al[46], 2010
Bamias et al[43], 2010

n

Regimen

3 yr Disease free survival rate (%; P value)

458
68
90
61
147

XP vs XP/XRT/XP
5FU/LV vs 5FU /LV/RT
5FU/LV vs 5FU/LV/RT
5FU/LV vs 5FU/LV/RT
DP vs DP/RT

No significant Disease free survival difference
44.1 vs 67.7 (P < 0.05)
No significant Disease free survival difference
No significant Disease free survival difference
No significant Disease free survival difference

X: Capecitabine; 5-FU: 5-fluorouracil; LV: Leucovorin; P: Cisplatin; D: docetaxel; RT: Radiotherapy (45 Gy).

Adjuvant chemoradiotherapy vs adjuvant chemotherapy

Adjuvant CT has been directly compared with adjuvant
[41-46]
CRT in several trials
, only one of which has shown
a significant overall survival benefit for the addition
[41]
of RT to CT . The largest trial, the ARTIST trial,
compared CT alone with the addition of RT to cisplatin
plus capecitabine (XP). CRT did not significantly reduce
recurrence rates, although in a post-hoc subgroup
analysis, patients with nodal metastases had superior
disease-free survival with combined therapy compared
[41]
with CT alone . In the latest update, at a median
follow-up of 84 mo, 3 year disease-free survival (the
primary endpoint) was not significantly better in pa
[42]
tients who received combined modality therapy . The
hypothesis that adjuvant CRT may represent a better
approach than adjuvant CT for patients with nodepositive disease will be tested in a successor trial, the
ARTIST-Ⅱ trial.
The only trial to show a significant survival benefit
for the addition of RT, randomly assigned 68 patients
undergoing complete resection with a D1 or D2 lymph
node dissection. The 3 year disease-free survival rate
was significantly higher in the CT group (56% vs
[45]
29%), as was overall survival (68% vs 44%) .
Although studies are still ongoing, the available
data does favor the addition of adjuvant radiotherapy
in the treatment of GC (Table 2).
When adjuvant therapy is used, the optimal
regimen has not been established. Acceptable al
ternatives include epirubicin, cisplatin, and infusional
5-fluorouracil (ECF), as was used in the perioperative
[27]
MAGIC trial . Results with adjuvant capecitabine
plus oxaliplatin (CAPOX, XELOX), as was used in the
[47]
CLASSIC trial ; or XP, as was used in the ARTIST
[41]
trial , are not as advanced as those of perioperative
[48]
ECF (as was used in the MAGIC trial) or S-1 .
The optimal time between surgery and post
operative treatment varies widely. In the MAGIC
[27]
trial , it was initiated 6 to 12 wk after surgery, in the
[31]
Intergroup trial (INT0116) , it was between 4 to 7
[48]
wk, and in ACTS-GC
patients, it started within 6 wk
after surgery.
[27]
Regarding compliance to treatment, MAGIC
and
[49]
FCCNLC trials reported that postoperative treatment
was concluded in only 42% to 50% of the patients,
demonstrating the importance of preoperative CT and
questioning the use of postoperative treatment in the
perioperative setting.
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In conclusion, the optimal way to integrate com
bined modality therapy has not been definitively
established. Decisions are often made based on
institutional and/or patient preference. As science
moves increasingly toward molecular targeted therapy,
biologic agents hold great promise in the treatment of
this disease as well.

CURATIVE SURGERY IN GC
Optimal type of gastrectomy and the length of proximal
resection margin

It is of paramount importance to discuss surgical
treatment of GC, given its central role in the overall
management of the disease.
Total gastrectomy (TG) is the recommended therapy
for more proximal tumors in order to guarantee an
appropriate proximal resection margin (PRM). For
distally located tumors, subtotal gastrectomy (SG)
was recommended with a PRM of more than 2-3 cm
for early GC and 5-6 cm for advanced GC. In patients
with poorly differentiated diffuse cancer, infiltration of
the proximal resection margin by microscopic tumor
deposits was a major concern, and TG was classically
recommended. However, a randomized controlled
[50,51]
trial (RCT)
assessed the incidence of microscopic
resection margin involvement in patients with diffuse
type GC and found no statistically significant differ
ence between total and SG and no effect on survival.
Furthermore, the authors claim that SG is associated
with better nutritional status and quality of life as
compared to TG. There is no total agreement regarding
what should be considered an appropriate PRM in SG.
As shown on Table 3, distances recommended by the
German Society differ from those proposed by the
Japanese Gastric Cancer Association (JGCA).
Nonetheless, if one considers SG in patients
with distally located diffuse-type GC, a wider
excision with intraoperative frozen section (IFS) of
[52]
the resection margin is recommended
because
they are more likely to have a positive margin.
On multivariate analysis, higher T stage, higher N
stage, larger tumor size, and diffuse histologic type
were significant independent predictive factors for a
[52-54]
positive margin
. Studies have shown that if PRM
is confirmed to be negative for malignancy but shorter
than the recommended length, further resection for a
larger PRM is unnecessary, since the length of PRM has
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Table 3 Criteria for adequate surgical margins

Resection margins
Proximal resection
margins

German S3

JGCA

Oral, aboral
circumferential
5 cm (intestinal type)
8 cm (difuse type)

Proximal
-cT1: 2 cm
-cT2-T4:
3 cm (expansive)
5 cm (infiltrative)

no prognostic impact as long as resection margin is
[55]
free of tumor .
When PRM is positive, the benefits of reoperation
always have to be balanced against the risks of this
technically demanding procedure. Redo surgery
appears to have the most obvious survival advantage
in early stage patients, especially when few nodes
[56,57]
are involved (N0 or N1)
. In contrast, advanced N
stage patients with positive margins may not benefit
from an extended re-excision. Multidisciplinary options,
including CT and radiotherapy, are probably more
appropriate treatments for positive-margin patients,
[56,58]
especially in patients with bulky node disease
.
This is further supported by a retrospective com
parison of the Dutch D1D2 trial, where the authors
observed significant improvement in survival and
local recurrence rates with the use of CRT after a
[56,58]
microscopically incomplete R1 resection
.

Lymphadenectomy in resectable GC

The extent of lymphadenectomy in the treatment
of GC has been debated for more than two de
cades. The majority of Japanese and Korean (i.e.,
Eastern) surgeons would agree that an extended
lymphadenectomy (D2) leads to improved outcomes
and survival. Several large retrospective studies from
those groups have illustrated an impressive overall
survival that was unfortunately not reproduced in most
Western series.
Early published studies in the West did not show any
advantage in long-term survival of D2 lymphadenectomy
as compared to D1 dissection, mainly due to an
elevated morbidity and mortality associated with D2
[59-62]
procedure
.
[63,64]
As shown in table 4, only a Taiwanese study
found a significant survival advantage of D2 with
[60,65]
[59,66]
respect to D1, while the British
, Dutch
and
[67,68]
Italian
trials did not find a significant difference in
long-term survival comparing the two procedures. The
[69]
Japanese trial did not find any survival advantage of
prophylactic para-aortic nodal dissection (PAND).
[70]
In contrast Roviello et al
showed that D2
dissection was performed with acceptable mortality
and morbidity (2% and 17%, respectively) and
[71]
Siewert et al
found improved survival for stage Ⅱ
patients that underwent D2 lymphadenectomy with no
increased morbidity.
[32]
More recently, the Dutch GC Group Trial
showed
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that, compared with D1, D2 lymphadenectomy was
associated with lower local recurrence and lower
cancer-related death rates, despite a significantly
higher postoperative mortality, morbidity, and
[67]
reoperation rates. The Italian GC Study Group
randomized 267 patients and compared the short-term
results of D1 and D2 lymphadenectomy for curable
GC. Pancreaticosplenectomy was not considered
as a routine part of the D2 gastrectomy. This study
did not show significant differences in operative
mortality, morbidity, and duration of postoperative
hospital stay. The authors concluded that modified D2
lymphadenectomy, a spleen-preserving D2 resection
technique currently available in high-volume centers,
is a safe option to treat GC of Western patients.
In order to achieve better surgical outcomes,
Northern European countries carried out a centralization
and standardization of surgical procedures in GC. In
Denmark, this process improved short term results,
where 30 d hospital mortality decreased from 8.2%
to 2.4%, and the proportion of patients with at least
15 lymph nodes removed was increased from 19% to
[72]
76% . Centralization of GC surgery and/or audits for
GC are currently implemented in the United Kingdom,
[73,74]
Sweden, Finland, and the Netherlands
.
In conclusion, the current consensus is that for
medically fit patients D2 lymphadenectomy should
be the standard procedure. It should be carried out
in specialized, high-volume centers with appropriate
[75,76]
surgical expertise and postoperative care
. The
German, British, and ESMO-ESSO-ESTRO guidelines
adopted this as the standard of care for surgical
[77]
treatment with curative intent .

Is there a place for laparoscopic gastrectomy?

Laparoscopic gastrectomy in GC is gaining popularity
worldwide as a minimally invasive alternative treat
ment to traditional open surgery.
Laparoscopic surgery has the potential benefits of
a decreased operative morbidity and reduced recovery
times but with longer operative time.
Most meta-analyses support these benefits in distal
gastrectomy, however, the oncological and long-term
[75,76]
outcomes still need to be validated
. Postoperative
morbidity is greater, particularly in total gastrectomy.
According to the JGCA guidelines, D2 dissection of
stations 12a or 10 can be technically demanding due
to the risks of organ injury, bleeding, and/or bile and
pancreatic leakage. There is also no consensus on
the technique of anastomosis following a laparoscopic
total gastrectomy. The introduction of a circular stapler
with transorally inserted anvil has enabled esophagojejunostomy anastomosis. This procedure resembles
[78]
the conventional approach by laparotomy .
The most common technique is laparoscopic
assisted distal gastrectomy (LADG) without hand
assistance, which is also the most frequently reported
[79-81]
procedure in the current literature
. Trials are
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Table 4 Selected randomized controlled trials studying the extent of the lymph node dissection for patients with gastric cancer
Ref.

Year published

Region

Extent of Lymph
node dissection

Patients
(n )

Morbidity

Mortality

5 yr overall
survival (%)

Dent et al[62]

1988

South Africa

BonenKamp et al[59,66]

1995

The Netherlands

Cuschieri et al[60,65]

1996

Europe

Wu et al[63,64]

2004

Taiwan

Sasako et al[69]

2008

Japan

Degiuli et al[67,68]

2010

Italy

D1
D2
D1
D2
D1
D2
D1
D3
D2
D2 + PAND
D1
D2

22
21
380
331
200
200
110
111
263
260
133
134

22%
43%
25%
43%
28%
46%
7.3%
17.1%
20.9%
28.1%
12%
17.9%

0%
0%
4%
10%
6.5%
13%
0%
0%
0.8%
0.8%
3%
2.2%

N/A
N/A
45
47
35
33
53.6
59.5
69.2
70.3
66.5
64.2

PAND: Para-aortic node dissection.

currently ongoing in Japan (JCOG-0912), South Korea
(KLASS and KLASS-02), and China to compare open
[81,82]
and laparoscopic surgery in EGC
. These should
provide further insight into the role of laparoscopic
approach before moving to the laparoscopic treatment
of locally advanced GC, especially when a TG with D2
lymphadenectomy is recommended. As such, and
at the time of writing this paper, one cannot advise
laparoscopic gastrectomy for treating GC, outside a
clinical trial.

TREATING GC IN THE 21st CENTURY:
ARE WE READY FOR PERSONALIZED
THERAPY?
This is certainly an active topic of clinical and basic
research not only because GC is a highly prevalent
disease, but also because the treatments used may
[83]
be effective but sometimes very toxic . Although the
prognosis and 5 year survival is still poor for patients
with locally advanced GC, considerable progress has
[84]
been achieved in the past two decades . Besides
staging procedures, which allow for a more accurate
staging of the disease and enable a more appropriate
selection of patients for pre-operative cytoreductive
CT, both surgical and medical therapies have evolved
substantially. From a surgical point of view, a modified
D2 lymphadenectomy is now the standard procedure
for medically fit patients with locally advanced GC in
most European Centers. Short and long term results
improved substantially in Western studies, as long as
surgery was carried out in specialized, high-volume
centers with appropriate surgical expertise and
postoperative care. This was certainly a major step
towards curative therapy in GC patients in the Western
world.
Peri-operative CT using ECF, as in the MAGIC
trial, is now the standard of care for stages Ⅱ and
Ⅲ disease as recommended by ESMO-ESSO-ESTRO
[77]
clinical practice guidelines . This was also a major
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breakthrough, as up to one decade ago, CT was
not systematically considered part of the curative
treatment of GC.

Host factors responsible for heterogeneity of response

Although, peri-operative CT followed by radical surgery
is now the standard of care for most patients with
stage Ⅱ -Ⅲ non-metastatic GC, less than 50% of
[27]
patients complete the full protocol due to its toxicity .
In this respect, there has been recent interest in
exploring the relationship between body composition,
especially proportions of lean and fat tissues, with
treatment toxicities. The most recent definition of
cancer cachexia specifically involves depletion of
muscle mass, which sometimes may not impact body
weight. As shown in figure 1, patients may become
sarcopenic despite a normal or even high body mass
index. Muscle depletion is characterized both by a
reduction in muscle size and increased proportion of
inter- and intramuscular fat. Fat infiltration given by
muscle attenuation (MA) is a further manifestation of
the wasting process (Figure 1).
[85]
Prado et al
observed in metastatic breast
cancer patients receiving capecitabine treatment that
sarcopenia was a significant predictor of toxicity and
time to tumor progression. The authors reported a
28-fold increase in the relative risk of grade 3 and
4 neutropenia if a patient’s lean body mass (LBM)
was < 89% of age and sex-adjusted norms. They
hypothesized that this relationship was primarily due
to a pharmacokinetic effect, as fat-free mass (LBM
plus bone tissue) and total body water were better
predictors of 5-FU pharmacokinetics (clearance and
volume of distribution) than body surface or body
weight. This has also been reproduced in patients with
[86]
metastatic lung and pancreatic cancer . Sarcopenia
has also been associated with unfavorable clinical
outcomes, such as increased length of hospital stay,
increased incidence of infections for hospitalized
[87]
patients, and mortality in surgical patients . Lieffers
[87]
et al
observed in patients aged more than 65
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Figure 1 Axial computed tomography images of the third lumbar vertebra region from two patients with similar body mass index but different muscle and
fat tissue cross sectional areas. Paraspinal muscles are clearly different between the two subjects as is mesenteric fat and fat infiltrating muscle - muscle radiation
attenuation. Low relative muscularity and expanded visceral fat are associated with increased toxicity and decreased survival.

Figure 2 Lumbar computed tomography was analyzed for muscle and fat tissue cross sectional areas using an appropriate software developed by Martin
et al[88]. Muscle mass is shown in red and were quantified within a Hounsfield unit (HU) range of -29-150, visceral fat shown in yellow, range from -150 to -50, and
subcutaneous fat shown in blue, range from -190 to 30. Muscle radiation attenuation was calculated for muscle area. Although these two images might refer to two
individuals with the same body mass index (23 kg/m2) and age (73 yr), the amount of muscle mass and visceral fat, which amplifies inflammatory response, are very
distinct.

years operated for colorectal cancer, sarcopenia
was an independent predictor of both infection and
rehabilitation care and, consequently, a longer length
of hospital stay. Finally, it is important to stress that
imaging of sarcopenia can be done using the CT scan
performed at the time of routine imaging studies for
[88]
tumor evaluation and/or restaging , as long as the
appropriate software is available, as shown in Figure 2.
It would then be interesting to test whether these
observations of body composition, muscle mass mea
surement, and CT toxicity also hold true in respect to
patients with advanced GC selected to perioperative
CT followed by radical surgery. This could shed some
light on the issue why patients do not benefit equally
from these treatment options.

Analysis of tumor factors that might allow for more
personalized therapy

Inter-individual variability of drug response or resi
stance may also be related to tumor heterogeneity.
The identification of predictive tumor markers at the
time of diagnosis would allow for stratifying patients
to more effective treatments, as current therapeutic
strategies do not uniformly benefit all patients.
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Although very toxic in some patients, one cannot
forget that complete pathologic responses are being
[89]
reported with increasing frequency , thus making the
identification of these predictive factors mandatory.
In a recent study, the authors found that pathologic
complete response was observed in 20% (10/50) of
patients and a further 20% (10/50) achieved near
complete histological remission (< 10% residual
tumor). Among these very good responders, 85%
(17/20) had intestinal type tumors, 10% (2/20)
had diffuse tumors, and 5% (1/20) had mixed type
[89]
tumors .
In regard to molecular markers, and similarly to
[90]
what occurs in colorectal cancer , MSI status seems
to affect both the prognosis and the response to 5-FU
based chemotherapies. One study found 5-FU based
adjuvant CT prolonged disease-free survival in patients
with GC stage Ⅱ and Ⅲ disease only in patients with
tumors MSS or MSI-low, in contrast with the MSIhigh group who did not seem to benefit from this type
[91]
of therapy . However, these are conflicting data, as
another study did not find that MSI status significantly
[92]
affected response to 5-FU CT .
Current research is thus focusing on identifying
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cancer biomarkers, which will elucidate treatment
[93]
response and drug resistance mechanisms . Real
progress will only be achieved through the development
of new treatment options that have reduced cell toxicity
compared with that of standard therapeutic regimens.
Currently, except for the status of human epidermal
growth factor-2, which is used to guide trastuzumab
therapy, no other biomarkers are used in clinical
practice.

CONCLUSION
Considering the amount of effort that has been put in
clarifying the pathogenesis of GC, we are now hoping
that these new discoveries will lead to the translation
of these insights into the clinical arena. New proteo
mic technologies that promote large-scale sample
screening will hopefully open new avenues for targeted
[94]
and personalized therapies in patients with GC .
As much as unraveling gastric carcinogenesis seems
closer and closer, concepts such as the migrating
cancer stem cell remind us that this enigma is still
faraway from being solved. Faraway, so close!
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Abstract
Gastric cancer remains one among the leading causes

WJG|www.wjgnet.com

of cancer-related deaths, regardless of its decreasing
incidence and newly available treatment options. Most
patients present at an advanced stage and are treated
with upfront systemic chemotherapy. Those patients
receiving first-line therapy may initially respond to
treatment, but many of them relapse over time. In
such condition, second-line treatment for disease
progression remains the only available option. Although
there exists no standard approach in the second-line
setting, several phase Ⅲ trials have shown modest
survival benefit in patients receiving irinotecan, taxane
and ramucirumab over the best supportive care or
active agents. This review analyzes the currently
available treatment regimens and future directions of
research in the second-line setting for metastatic gastric
cancer with the best available evidence. Additionally,
the prognostic factors that influence patient survival in
those receiving second-line therapy are discussed.
Key words: Metastatic gastric cancer; Second-line
chemotherapy; Targeted therapy; Taxane; Irinotecan;
Ramucirumab
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This systematic review has analyzed the
currently available treatment options with chemotherapy
and targeted agents in the second-line treatment of
metastatic gastric cancer. In addition, this review
has discussed the future directions of research and
the prognostic factors that influence patient survival
in those receiving second-line therapy for metastatic
gastric cancer.
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INTRODUCTION
Gastric cancer (GC) remains one of the major causes
of cancer-related deaths ranking at number three,
despite its decreasing incidence. About one million
new cases of gastric cancer were estimated to have
occurred in 2012, making it currently the fifth most
common malignancy in the world, behind cancers of
the lung, breast, colorectum and prostate. More than
70% of diagnosed gastric cancer cases are registered
[1-3]
in developing countries .
The disease presents as localized disease in only
one-third of patients and as locally advanced or
metastatic disease in the remaining two-thirds of
patients. Surgery (subtotal or total gastrectomy with
radical lymph node dissection) remains the primary
mainstay in the treatment of GC. Despite the curativeintent resections, in up to 70% of cases, the relapse
[4]
rate remains high . In such patients, 5-year survival
rates do not exceed 25% and prognosis remains
[5]
poor .
Most of the patients, including those with earlystage disease, relapse at some point during the course
of their disease. Among available treatment modalities,
only systemic chemotherapy has demonstrated a
[6]
superior survival rate in this group of patients . Most
patients do not respond or relapse within a short time
from the end of first-line therapy. The literature shows
that approximately 20%-30% of patients receive
[7]
further treatment with second-line chemotherapy .
In the past, various cytotoxic agents (5-fluorouracil,
cisplatin, mitomycin C, methotrexate, docetaxel,
paclitaxel, nab-paclitaxel, pemetrexed, S-1, irinotecan
and oxaliplatin) have been studied extensively either
as monotherapy or in combination in the second-line
setting. The median OS of patients receiving secondline therapy ranges from 3.5 to 10.7 mo, with an
objective response rate of 4.8%-52.3%. There were
no effective treatment options until the positive results
of recent phase Ⅲ studies were published.
This systemic review evaluates the currently av
ailable evidence on the therapeutic options in the
second-line setting. Additionally, the prognostic factors
that influence patient survival in those receiving secondline therapy are discussed.

LITERATURE REARCH
The literature database search for second-line therapy
in metastatic gastric cancer was performed using
MEDLINE and PubMed for original articles published
from a dataset of a minimum of 25 patients, review
articles, and key abstracts from articles published in
English during the period from 1990 to 2015.
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In metastatic gastric cancer, systemic chemotherapy
has been shown to improve overall survival (OS) and
quality of life (QoL) compared with best supportive
[8-10]
care (BSC) alone
. In patients receiving first-line
therapy for metastatic gastric cancer, the median
survival time ranges from 9.5-13 mo with objective
[11-16]
responses ranging from 25%-54%
. The meta[17]
analysis performed by Wagner et al , which
included 35 trials with 5726 patients, demonstrated
a significant survival benefit in favor of combination
chemotherapy (HR = 0.82; 95%CI: 0.74-0.90, 1914
patients) compared with single-agent chemotherapy; a
significant survival benefit was observed for regimens
including 5-FU, anthracyclines and cisplatin (HR =
0.82; 95%CI: 0.73-0.92, 1147 patients), and nonsignificant survival benefits in favor of the Irinotecan(HR = 0.86; 95%CI: 0.73-1.02, 639 patients) and
docetaxel-containing (HR = 0.93; 95%CI: 0.75-1.15,
805 participants) regimens were demonstrated. This
shows that a multi-agent chemotherapy regimen
comprising fluoropyrimidines and platinum derivatives
acts as an effective regimen in the first-line therapy
for metastatic gastric cancer. When delivering firstline therapy, one should remember that the REAL Ⅱ
study established the non-inferiority of capecitabine
to infusional 5-fluorouracil (HR = 0.86, 95%CI:
0.80-0.99) and the non-inferiority of oxaliplatin to
cisplatin (HR = 0.92; 95%CI: 0.80-1.10) in two-by[13]
[16]
two comparisons . Additionally, Guimbaud et al
showed that FOLFIRI (irinotecan, 5-fluorouracil and
leucovorin) is an acceptable alternative to a platinumbased ECX (epirubicin, cisplatin and capecitabine)
regimen in first-line settings, especially in patients
who are not able to receive platinum-based agents.
Trastuzumab in combination with chemotherapy was
found to significantly prolong survival when given as
a first-line treatment for patients with HER2-positive
[18]
gastric cancer .

Second-line therapy

[19-61]

Cytotoxic agents: A larger number of phase Ⅱ
[62-78]
and phase Ⅲ
studies have been conducted in
the second-line setting, which are summarized in
Tables 1, 2 and 3. Data from phase Ⅲ trials show that
the median OS ranges from 3.7 to 13.9 mo, with an
objective response rate of 13%-27%.
[62]
The German AIO trial
was the first randomized
trial that studied whether second-line chemotherapy
could prolong survival in gastric cancer. In this study,
irinotecan was compared with BSC to show a survival
benefit in patients with metastatic gastric and gastroesophageal junction adenocarcinoma. This randomized
phase Ⅲ study included 40 patients. The study was
terminated prematurely due to slow patient accrual.
All the patients had received prior fluoropyrimidine/
platinum combination and exhibited disease pro
gression within 6 mo following first-line therapy. The
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Table 1 Phase Ⅱ studies on second-line therapy (Monotherapy) in metastatic gastric cancer
Ⅱ line agent Total/eval Performance
pts
status, n
Irinotecan

37/35

Irinotecan

39/30

Paclitaxel

36/36

Paclitaxel

38/25

Paclitaxel

45/44

Docetaxel

30/29

Docetaxel

154/86

Docetaxel

49/49

NabPaclitaxel
Pemetrexed

56/54

Sunitinib

78/69

Everolimus

54/53

34/30

Doses
2
(mg/m )

ECOG 0/1 3/34

Iri - 125 d1
weekly × 4 wk,
q42
ECOG 0/1/2 Iri - 100
18/10/2
d1,d8,d15 q28
ECOG 0/1/2 - Ptx - 225 d1 q21
7/20/9
ECOG 0/1/2 - Ptx - 80 d1, 8,
12/15/11
15 q28
ECOG 0/1/2 - Ptx - 80 d1, 8,
26/13/6
15 q28
KPS Median Dtx - 100 d1 q21
70 (R 60-100%)
ECOG 0-1/2 - Dtx - 75 d1 q21
130/24
ECOG 0/1/2 - Dtx - 75 d1 q21
9/36/4
ECOG 0/1 - Nab-Ptx 250 d1
33/23
q21
ECOG 0/1/2 - Pem - 500 d1 q
7/20/7
21
ECOG 0/1 - Sun - 50 mg/d
26/52
× 4 wk, q42
ECOG 0/1 32/21

Ev - 10 mg/d
d1-28

Treatment
ORR

Median
TTP
(mo)

Median
PFS
(mo)

Median
OS (mo)

Toxicity,
grade
3-4 (%)

Ref.

20.0%

2.6

NR

5.2

Chun et al[19], 2004

15.3%

2.9

NR

8.8

22.2%

5.0

NR

8.0

A/L/N/T/N-E/D/FN/I
- 56.8/45.9/67.6/8.1/
18.9/18.9/16.2/8.1
A/N/Leu/Ano/D/F/13/30/17/23/17/13
L/T - 17/17

24.0%

2.1

NR

5.0

16.0%

NR

2.6

7.8

17.0%

NR

NR

6.0

14.0%

2.6

NR

7.2

16.5%

2.5

NR

8.3

27.8%

NR

2.9

9.2

63.6%

NR

2.3

6.4

2.6%

2.3

2.3

6.8

0%

NR

2.7

10.1

Mochizuki et al[20],
2013
Cascinu et al[21], 1998

L/N/T/Nau/Ano/D/ Hironaka et al[22], 2006
Neu - 29/32/8/3/3/3/6
A/N/L/D/N-E/As/Neu - Kodera et al[23], 2007
11/16/18/2/4/11/2
A/L/N - 7/7/18
Giuliani et al[24], 2003
A/N/FN/As 10.5/12.5/9.9/13.6
A/L/N/FN/B/As/D/
Neu - 5.4/4.8/5.4/5.4/1.2/
10.8/2.4/8.4
A/L/N/Ly/Neu 7.3/20/49.1/10.9/23.6
A/N/T/As 2.9/2.9/2.9/5.8
A/L/N/T/E/D/HFS/S
- 16.7/11.5/29.4/34.6/
3.8/2.6/6.4/1.3
P (gr 1-2)/A/Ly/As/S/
Ano/HyG/HyP/HyN/
- 15.1, 9.4/7.5/5.7/ 5.7/
5.7/3.8/3.8/9.6

1

Jo et al[25], 2007

Lee et al[26], 2008

Sasaki et al[27], 2014
Zhang et al[28], 2015
Bang et al[29], 2010

Doi et al[30], 2010

1

Retrospective study. Dtx: Docetaxel; Ev: Everolimus; F: 5-fluorouracil; FA: Leucovorin; Iri: Irinotecan; MMC: MitomycinC; Nab-Ptx: Nab-paclitaxel; Pem:
Pemetrexed; Ptx: Paclitaxel; Sun: Sunitinib; ECOG: Eastern co-operative oncology group; KPS: Karnoffsky performance status; NR: Not reported; ORR:
Objective response rate; OS: Overall-survival; Pts: Patients; PFS: Progression-free survival; R: Range; TTP: Time-to-progression; A: Anemia; As: Asthenia;
Ano: Anorexia; B: Bilirubin; D: Diarrhea; E: Emesis; FN: Febrile neutropenia; HFS: Hand-foot syndrome; HyG: Hyperglycemia; HyN: Hyponatremia;
HyP: Hypophosphatemia; I: Infection; L: Leucocytopenia; Ly: Lymphopenia; M: Mucositis; N: Neutropenia; Neu: Sensory neuropathy; Nau: Nausea; N-E:
Nausea and vomiting; T: Thrombocytopenia.

irinotecan arm and BSC arm had 21 and 19 patients
with Eastern Cooperative Oncology Group Performance
Status (ECOG PS) 0-1/2 in 17/4 and 14/5 patients,
respectively. This showed that the administration of
2
2
irinotecan (250 mg/m d1, escalated up to 350 mg/m ,
every 3 wk) as second-line chemotherapy significantly
prolongs OS when compared with BSC. This was the
first evidence that second-line chemotherapy resulted
in substantial improvement of survival. The median
OS was 4.0 (95%CI: 3.6-7.5) mo in the irinotecan
arm and 2.4 (95%CI: 1.7-4.9) mo in the BSC arm,
HR = 0.48 (95%CI: 0.25-0.92), p = 0.023. There
were no objective responses with 58% stable disease
(SD) in the irinotecan arm. However, 44% of patients
had tumor-related symptom relief. The most common
grade 3-4 toxicities were diarrhea (5 patients) and
[62]
febrile neutropenia (2 patients) .
[63]
In the Korean phase Ⅲ randomized trial , 202
patients with metastatic gastric cancer and an ECOG
PS of 0 or 1 received one or two prior chemotherapy
regimens involving both a fluoropyrimidine and
a platinum agent and were randomly assigned

WJG|www.wjgnet.com

at a ratio of 2:1 to either salvage chemotherapy
2
(docetaxel 60 mg/m every 3 wk or irinotecan 150
2
mg/m every 2 wk plus BSC) or BSC. The addition
of second-line chemotherapy to BSC produced
significant improvement in median OS (5.3 mo)
when compared with BSC alone (3.8 mo) (HR =
0.657, 95%CI: 0.485-0.891; p = 0.007). The survival
benefit remained consistent among the prospectively
defined subgroups, including age, PS, number of
prior treatments, metastatic sites, hemoglobin levels,
and response to prior chemotherapy. No difference
in median OS between docetaxel and irinotecan
(5.2 mo vs 6.5 mo, p = 0.116) was registered.
The most common toxicity of chemotherapy being
myelosuppression and was easily manageable. Median
relative dose-intensities for docetaxel and irinotecan
arm were 95% and 93%, respectively. Moreover,
patients in the chemotherapy arm more frequently
received further treatment than those in the BSC arm
[63]
(40% vs 22%, p = 0.011) .
[64]
In the Japanese WJOG 4007 phase Ⅲ trial , 223
patients with metastatic gastric cancer refractory to
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Table 2 Phase Ⅱ studies on second-line therapy (combination therapy) in metastatic gastric cancer
Study

Total
/eval
pts

Performance
Status, n

Ⅱ-line treatment,
2
doses (mg/m )

Irinotecan/
FU

40/38

ECOG 0/1/2 5/21/12

Irinotecan/
FU

64/57

ECOG 0/1/2 3/58/3

Irinotecan/
FU

51/48

ECOG 0-1/2 35/16

Irinotecan/
Cisplatin

32/31

ECOG 0/1/2 1/22/9

Iri/FA/FU 180/125/400 bolus
+ 1200 inf over 22 h
d1/d1/d1 q14
Iri/FU/FA 150/100/1000 d1/d1/
d1, 2 over 24 h q14
Iri/FA/FU 180/200/400 bolus
+ 600 inf over 22 h
d1/d1/d1 q14
Iri/P - 70/30 d1, 15/
d1, 15 q28

Irinotecan/
Cisplatin

87/70

ECOG 0/1/2 29/53/5

Irinotecan/
Mitomycin C
Irinotecan/
Mitomycin C
Irinotecan/
Capecitabine
Irinotecan/
Cetuximab
Irinotecan vs
Irinotecan/
mFOLFIRI

38/38
45
48/46
63/54
29 vs 30

Treatment Median
ORR
TTP
(mo)

Median
PFS
(mo)

Median
OS
(mo)

Toxicity,
grade
3-4 (%)

Ref.

29.0%

NR

3.7

6.4

A/N/FN/I/N-E/D/As
- 13/26/5/16/13/8/16

Assersohn
et al[31], 2004

21.0%

2.5

NR

7.6

N/T/D/E - 11/8/3/3

Kim et al[32], 2005

18.0%

NR

3.2

9.1

A/N/FN/D/Nau/E 14/17/1/6/6/4

1

15.6%

3.7

NR

Iri/P - 70/80 d1, 15/
d1 q28

28.6%

4.3

NR

KPS Median 80 Iri/MMC - 150/8 d1,
(R 70-100%)
15/d1 q28
ECOG 0/1 - 24/21 Iri/MMC - 150/5 d1
q14
ECOG 0/1/2 Iri/Cap - 100/1000
10/32/6
b.i.d d1, 8/d1-14 q21
ECOG 0/1 - 28/35 Iri/Cet - 180/500 d1
q14
ECOG 0/1 - 27/2
Iri 150 d1 q14
Iri/mFOLFIRI 150 d1
vs
+ LV20 d1, 5-FU 2000
27/3
over 48 h
ECOG R 0-2
Dox/Ptx - 600 mg/70
d1-21/d7, 14, 21 q28
ECOG 0/1/2 Dox/Ptx - 600 mg/70
21/14/0
d1-14/d1, 8 q21

32.0%

4.0

NR

29.0%

NR

4.1

27.1%

4.1

NR

11.0%

NR

2.8

17.2% vs
20.0%

NR

2.2 vs
3

28.0%

NR

NR

18.2%

NR

4.0

10.7

A/N/T/E/D/M/Ano Baek et al[34], 2005
- 2.6/6/4.3/1.7/1.7/3.4/
5.2
1
9.5
A/L/N/FN/
Takahari et al[35],
T/D/As/Nau 2010
28/34/40/10/8/6/5/2
8.0
A/L/N - 5/8/21
Giuliani et al[36],
2005
10.1
A/N/FN/D/I Hamaguchi
13/53/9/2/4
et al[37], 2011
7.6
N/FN/E/D/HFS Sun et al[38], 2009
8.7/4.3/4.3/17.4/4.3
6.1
N/FN/D/F - 11/2/6/5 Schønnemann
et al[39], 2012
5.8 vs 6.7
A/n/Leu/FN/
Sym et al[40], 2013
Ano/As/D 0/20/28/0/10/10/3 vs
10/13/37/3/13/3/7
5.8
L-2
Arai et al[41], 2007
6.1

Paclitaxel/
Doxifluridine
Paclitaxel/
Doxifluridine

52/25

Paclitaxel/
Carboplatin

50/47

ECOG 0-1/2 25/22

Ptx/Carbo - 175/AUC
5 d1/d1 q21

27.7%

NR

NR

Paclitaxel/
Cisplatin
Paclitaxel/
Capecitabine

32/30

ECOG 0-1/2 21/11
ECOG 0/1/2 7/11/8

Ptx/P - 145/60 d1 q21

25.0%

2.9

NR

OS in
PR/SD 10.0/6.0
9.1

Ptx/Cap - 175/825
b.i.d d1/d1-14 q21

34.6%

4.5

NR

7.5

Paclitaxel/
Capecitabine
Paclitaxel/
S-1

36/35

28.5%

NR

5.0

11.1

33.3%

NR

3.6

7.2

Docetaxel/
Cisplatin
Docetaxel/
Cisplatin
Docetaxel/
Cisplatin
Docetaxel/
Oxaliplatin
Docetaxel/
Oxaliplatin

43/41

17.1%

NR

2.2

5.8

26.7%

4.5

NR

5.6

16.0%

5.0

NR

6.0

10.5%

4.0

NR

8.1

22.9%

4.4

NR

7.2

15.5%

2.4

NR

5.0

Docetaxel/
Epirubicin

33

26/26

30

30/30
32/32
38/37
48/46

50/45

KPS Median 80
(R 60-100%)
ECOG 0-1/2
-23/7

Ptx/Cap - 80/1000
b.i.d d1, d8/d1-14 q21
Ptx/S-1 - 120 d1 q14
/80, 100, 120 mg/d,
if BSA < 1.25 m2, 1.26
m2-1.49 m2, ≥ 1.50 m2
b.i.d. d1-7 q14
ECOG 0/1/2 Dtx/P - 60/60 d1/d1
1/33/9
q21
KPS 50-70/
Dtx/P - 60/60 d1/d1
80-100% - 14/16
q21
ECOG 0/1/2 Dtx/P 70/70 d1/d1
8/16/8
q21
ECOG 0/1/2 - Dtx/Ox - 75/80 d1/d2
19/12/7
q21
ECOG 0/1/2 Dtx/Ox - 60/130 d1
11/29/8
q21

ECOG 0/1/2 12/16/22

WJG|www.wjgnet.com

Dtx/Epi - 75/60 d1/
d1 q21
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Seo et al[33], 2008

A/L/N/D/
FN/I/As/Neu 17.1/11.4/22.9/2.9/
2.9/2.9/2.9
N/T - 8.5/4.2

Takiuchi et al[42],
2008

N/E/Neu - 3/9/6

Lee et al[44], 2007

A/N/T/HFS/Neu/Ar/
E - 3.8/11.5/3.8/11.5/
11.5/7.5/3.8
N/N-E/HFS 11.1/5.6/5.6
A/Neu/T/Ano/Neu/
D/F - 73.4/63.4/16.6/20
/36.6/13.3/20

Baize et al[45],
2009

N/N-E/Neu/Neph 29.3/12.2/4.9/2.3
A/L/N/Nau 3/27/27/3
N/FN/T/D 59/12/12/6
N/As/Nau/Neu 26.3/15.7/15.7/3
L/N/FN/T/
N-E/D/Neu 17.4/26/7/4.3/28.3/
15/6.5
N/FN/T/N-E/
S/D/Neu 68/48/46/2/8/4/2

Stathopoulos
et al[43], 2002

Zhang et al[46],
2013
Zheng et al[47],
2014

Park et al[48], 2004
Kunisaki et al[49],
2005
Polyzos et al[50],
2006
Barone et al[51],
2007
Zhong et al[52],
2008

Nguyen et al[53],
2006
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Docetaxel/
Capecitabine

28/25

Docetaxel/
Etoposide
Docetaxel/
Cetuximab

32/32

Mitomycin/
S1
Mitomycin/
Capecitabine
Methotrexate/
FU

43/33

38/35

Cisplatin/
FU
Oxaliplatin/
Sorafenib

39
56/55

58/53
40

ECOG 0/1/2 2/19/7

Dtx/Cap - 60/1000
b.i.d
d1/d1-14 q21
ECOG 0/1/2 Dtx/Eto - 75/50 d1/
6/20/6
d1-5 q21
ECOG 0/1/2 Dtx/Cet - 30 d1, d15
15/21/2
q21/400 d1, then 250
d1 q7
ECOG 0/1/2 - MMC/S-1 - 7/40 b.i.d
13/21/9
d1/d1-28 q42
ECOG 0/1/2/
MMC/Cap - 10/1000
UNK - 6/25/5/3
bid d1/d1-d14 q21
ECOG 0/1/2/3 Mtx/FU/FA - 100
12/30/12/2
bolus/600 bolus (3 h
after MTX)/10, every
6 h for 6 doses (24 h
after MTX) q7
ECOG 0-1/2 P/FU - 20/1000 over
20/33
20 h inf d1-5/d1-5 q28
ECOG 0/1/2 Ox/Sor - 130 d1
14/23/2
q21/400 mg b.i.d daily

29.0%

4.0

NR

6.0

A/N/As/D/HFS 7/36/7/11/7

Rosati et al[54],
2007

9.4%

NR

3.0

6.0

6.0%

NR

2.1

5.4

N/FN/T/N-E/D/M 29/19/3/15.6/9.4/6.2
I/FN/Ano/D/F 11/3/16/11/29

Yildiz et al[55],
2010
Tebbutt et al[56],
2013

21.0%

NR

3.4

8.0

10.3%

NR

2.8

5.6

9.0%

NR

NR

7.8

11.3%

1.8

NR

4.6

2.8%

NR

3.0

6.5

A/N/T/D/N-E/As/S - Park et al[57], 2008
7/5/5/10/7/12/10
Leu/T/D/F/HFS/Neu - Miranda et al[58],
5.4/10.8/5.4/8.1/5.4/8.1
2014
A/L/N/T/N-E/D/S
Hamaguchi
- 9.1/5.5/6.7/1.8/3.6/
et al[59], 2008
3.6/1.8

A/N/T/N-E/D/M/
Neu - 8/9/9/11/4/6/1
N/T/As/D/Neu 9.8/7.3/18/4.9/4.9

Sencan et al[60],
2008
Martin-Richard
et al[61], 2013

1

Retrospective study. Cap: Capeceitabine; Carbo: Carboplatin; Cet: Cetuximab; Dox: Doxifluridine; Dtx: Docetaxel; Eto: Etoposide; Epi: Epirubicin; FU:
5-fluorouracil; FA: Leucovorin; Iri: Irinotecan; Mtx: Methotrexate; MMC: MitomycinC; Ox: Oxaliplatin; P: Cisplatin; Ptx: Paclitaxel; Sor: Sorafenib; ECOG:
Eastern co-operative oncology group; KPS: Karnoffsky performance status; NR: Not reported; ORR: Objective response rate; OS: Overall-survival; Pts:
Patients; PR: Partial response; PFS: Progression-free survival; R: Range; SD: Stable disease; TTP: Time-to-progression; UNK: Unknown; A: Anemia; As:
Asthenia; Ano: Anorexia; D: Diarrhea; E: Emesis; FN: Febrile neutropenia; HFS: Hand-foot syndrome; I: Infection; L: Leucocytopenia; M: Mucositis; N:
Neutropenia; Neu: Sensory neuropathy; Nau: Nausea; N-E: Nausea and vomiting; S: Stomatitis; T: Thrombocytopenia.

fluoropyrimidine and platinum combination treatment
were randomly assigned to receive either paclitaxel (80
2
mg/m on days 1, 8, and 15, every 4 wk) or irinotecan
2
(150 mg/m on days 1 and 15, every 4 wk). Nearly all
patients had an ECOG PS of 0 or 1 (96%), the primary
tumor was not resected in most patients (65%-66%),
most had received prior S-1 plus cisplatin (79%-84%),
and equal numbers of patients had intestinal or
diffuse histology according to the Lauren classification.
Patients with large volume ascites or bowel obstruction
due to peritoneal carcinomatosis were excluded. After
a median follow-up of 17.6 mo, OS was similar with
paclitaxel and irinotecan [9.5 and 8.4 mo, (HR = 1.13,
p = 0.38), respectively], as was progression-free
survival (PFS) (3.6 and 2.3 mo [HR = 1.14, p = 0.33])
and response rate (21% and 14%, p = 0.24). Patients
who received irinotecan experienced more grade 3-4
neutropenia (39.1% vs 28.7%) and diarrhea (4.5%
vs 0.9%), whereas patients receiving paclitaxel
experienced more grade 3-4 sensory neuropathy
(7.4% vs 0%). The authors concluded that paclitaxel
and irinotecan are reasonable second-line treatment
[64]
options for metastatic gastric cancer .
In the COUGAR-02 phase 3 trial conducted in
[65]
the United Kingdom , 168 patients with metastatic
adenocarcinoma of the esophagus, gastro-esophageal
junction, or stomach that had progressed on or within 6
mo of treatment with a platinum and fluoropyrimidine
combination were recruited. Patients with an ECOG PS
of 0 to 2 were randomly assigned to docetaxel 75 mg/
2
m every 3 wk for a maximum of 6 cycles plus BSC and
BSC alone. After a median follow-up of 12 mo, median
OS was modestly improved with docetaxel compared
with BSC alone (5.2 mo vs 3.6 mo; HR = 0.67; p =

WJG|www.wjgnet.com

0.01). Responses were registered in 7% of assessable
patients receiving docetaxel. Grade 3-4 toxicities in
docetaxel included neutropenia (15%) leading to
neutropenic fever (7%). Health-related quality-oflife measurements indicated no detrimental effect of
chemotherapy and potential improvements in pain (p =
[65]
0.01) and nausea (p = 0.02) .
In an another Japanese phase Ⅲ study (TCOG
[66]
GI-0801/BIRIP) , 130 patients with metastatic or
recurrent gastric cancer refractory to S-1-based firstline chemotherapy were randomly assigned to receive
2
2
BIRIP (irinotecan 60 mg/m plus cisplatin 30 mg/m ,
every 2 wk) or irinotecan alone at a dose of 150 mg/
2
m every 2 wk. Less than 60% of patients had received
platinum agents in the first-line setting. Enrolled
patients had an ECOG PS score of either 0 or 1. With
more than 70% of patients in Japan receiving thirdline therapy, the primary endpoint of this study was
the PFS benefit of the BIRIP regimen over irinotecan
monotherapy. The median PFS was significantly longer
in the BIRIP group than in the irinotecan group [3.8
mo vs 2.8 mo (HR = 0.68, p = 0.0398)]. The median
OS was 10.7 mo in the BIRIP arm and 10.1 mo in
the irinotecan arm (HR = 1.0, p = 0.9823). Although
the response rates were not significantly higher in
the BIRIP arm, when compared with irinotecan arm
(22% vs 16%, p = 0.4975), the disease control rate
was significantly better in the BIRIP group (75% vs
54%, p = 0.0162). The incidences of grade 3-4 safety
events did not differ between the two groups. BIRIP
had a good tolerability profile and was associated with
no febrile neutropenia and less diarrhea. Thus, the
BIRIP regimen significantly prolonged PFS compared
with irinotecan alone. However, these results did not
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Table 3 Phase Ⅲ studies on second-line therapy in metastatic gastric cancer
Ref.

Ⅱ-line treatment
2
(mg/m )

Total pts

Thuss-Patience
et al[62], 2011

Iri 250 cycle 1; 350
subsequent cycles
BSC
Dtx 60 d1 q3w;

21/19

0-1/2 - 81/19

19
133

BSC
Iri 150 d1/d15
q4w
Ptx 80 d1/d8/d15
q4w

Kang et al[63],
2012

Median
PFS
(mo)

Median
OS
(mo)

Hazard
ratio

Toxicity,
grade
3-4 (%)

0

2.5

4.0

0.48,
P = 0.012

D/FN/L/A - 26/16/21/11

0-1/2 - 74/26
0/1 - 54/46

NR
13.0

NR
NR

2.4
5.3

69
112

0/1 - 52/48
0-1/2 - 96.4/3.6

NR
13.61

NR
2.31

3.8
8.4

111

0-1/2 - 96.3/3.7

20.91

3.61

9.5

Doc 75 d1 q3w

84

7.0

84

NR

29%
(at 24 wk)
NR

5.2

BSC
Iri 60 d1 q2w;
Cis 30 d1 q2w
Iri 150 d1 q4w

64

0/1/2 28/55/17
0/1/2 28/60/14
0/1 - 69/31

22.01

3.8

10.71

66

0/1 - 68/32

16.01

2.8

10.11

Iri 60 d1 q2w;
P 30 d1 q2w
Iri 150 d1 q4w
Ram 8 mg/kg d1
q2w
BSC
Placebo
BSC
Ram 8 mg/kg
d1,15 q4w
Ptx 80 d1/d8/d15
q4w
Placebo
Ptx 80 d1/d8/d15
q4w
Lap 1500 mg once
daily
Ptx 80 d1,d8,d15
q4w
Placebo
Ptx 80 d1,d8,d15
q4w
Gef 500 mg/d
daily
Placebo

84

0/1 - 81/19

16.91

4.61

13.91

84
238

0/1 - 75/25
0/1/2 - 28/72/0

15.41
3.41

4.11
2.1

12.71
5.2

117

0/1/2 - 26/73/0

3.01

1.3

3.8

330

0/1 - 35/65

27

4.4

9.6

335

0/1 - 43/57

16

2.9

7.4

132

0/1 - 45/55

27

5.51

12.21

129

0/1 - 37/63

9

4.41

10.51

224

0/1/2 25/52/22
0/1/2 25/55/20

24 (DC)

1.57

3.731

16 (DC)

1.17

3.671

Median
Performance
Status, (ECOG/ ORR (%)
WHO) (%)

0.657,
P = 0.007

Iri 150 d1 q2w

Hironaka
et al[64], 2013

Ford et al[65],
2014

Higuchi et al[66],
2014

Nishikawa et
al[67], 2015
Fuchs et al[69],
2014

Wilke et al[70],
2014

Satoh et al[76],
2014

Dutton et al[77],
2014

225

1.13,
P = 0.38

0.67,
P = 0.01

3.6
1.00,
P = 0.982

0.834,
P = 0.288
0.776,
P = 0.047

0.807,
P = 0.017

0.84,
P = 0.2

NR
Doc: N/A/F/Ano/D/S 15/30/26/6/3/3
Iri: N/A/F/Ano/D/S 18/32/10/5/8/5
N/A/F/D/S - 2/23/27/10/5/2
L/N/A/FN/Ano/Neu/D/AST/Na 19.1/39.1/30/9.1/17.3/0/4.5/8.2/15.5
L/N/A/FN/Ano/Neu/D/AST/Na
- 20.4/28.7/21.3/2.8/7.4/7.4/0.9/3.7/
3.7
N/A/FN/I/H/P/Neu 15/6/7/15/1/11/4
N/A/FN/I/H/P/Neu 0/5/0/3/6/20/4
N/A/FN/T/D/Ano/F 13/16/0/0/2/6/3
N/A/FN/T/D/Ano/F 36/18/5/2/6/11/6
N/A/T/D/Ano/F - 35/16/1/0/6/9
N/A/T/D/Ano/F - 28/4/0/3/9/4
A/F/AbP/Dys/Dyn/Hyt/B/Prot/
VTE - 6/6/6/2/2/8/3/< 1/1
A/F/AbP/Dys/Dyn/Hyt/B/Prot/
VTE - 8/10/3/4/6/3/3//< 1
N/A/Leu/T/F/Neu/D/
H/Hyt/Prot/HepF/VTE 41/9/18/2/8/4/4/15/1/4/2
N/A/Leu/T/F/Neu/D/
H/Hyt/Prot/HepF/VTE 19/9/6/2/5/5/1/4/3/0/3/2
(experienced in > 10% of pts) N/A/
Lym/F/Neu/D - 57/11/29/5/< 1/18

(experienced in > 10% of pts) N/A/
Lym/F/Neu/D - 31/6/2/< 1/0/2
0.90,
P = 0.293

D/F/Sk/Rep/I/Hem/Vas/Met 6/10/20/12/3/7/7/6
D/F/Sk/Rep/I/Hem/Vas/Met 1/5/< 1/12/4/4/5/7

1

The P value non-significant. BSC: Best Supportive Care; Dtx: Docetaxel; Gef: Gefitinib; Iri: Irinotecan; Lap: Lapatinib; P: Cisplatin; Ptx: Paclitaxel; Ram:
Ramucirumab; DC: Disease control; ECOG: Eastern Co-operative Oncology Group; NR: Not reported; ORR: Objective Response Rate; OS: Overall-survival;
PFS: Progression-free survival; Pts: Patients; WHO: World Health Organization; A: Anemia; AbP: Abdominal Pain; Ano: Anorexia; B: Bilirubin; D: Diarrhea;
Dys: Dysphagia; Dyn: Dyspnea; E: Emesis; FN: Febrile neutropenia; H: Hemorrhage; Hem: Hematologic toxicity; HepF: Hepatic failure; Hyt: Hypertension; I:
Infection; L: Leucocytopenia; Ly: Lymphopenia; M: Mucositis; Met: Toxicity associated with metabolism and nutrition; N: Neutropenia; Neu: Sensory
neuropathy; Nau: Nausea; N-E: Nausea and vomiting; P: Pain; Prot: Proteinuria; Resp: Respiratory toxicity; Sk: Skin toxicity; T: Thrombocytopenia; Vas:
Vascular toxicity; VTE: Venous thromboembolic events.
[66]

translate to the overall survival benefit .
A recently published Japanese phase Ⅲ randomized
[67]
study (TRICS)
included platinum-naïve patients
progressing following S-1 monotherapy for metastatic
gastric cancer or relapsed within 6 mo after completion
of S-1 adjuvant therapy. Approximately 168 patients
with an ECOG PS of 0 or 1 were randomly allocated to
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2

2

irinotecan 60 mg/m and cisplatin 30 mg/m every 2
2
wk (n = 84) or irinotecan 150 mg/m every 2 wk (n =
84). No significant differences were observed in the OS
(13.9 vs 12.7 mo, HR = 0.834, 95%CI: 0.596-1.167),
PFS (4.6 vs 4.1 mo, HR = 0.860, 95%CI: 0.615-1.203)
and response rates (16.9% vs 15.4%, p = 0.812).
The favorable long-term survival rates observed in
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this study may be due to the favorable prognostic
characteristics of the patients, as only patients with an
ECOG PS of 0-1 were considered, the median number
of metastatic sites was 1, and only 21% of patients
had 2 or more metastatic sites. Compared to the
irinotecan arm, the irinotecan/cisplatin arm showed
significantly higher grade 3-4 toxicities, regarding
anemia (16% vs 4%) and lactate dehydrogenase level
(5% vs 0%). There was no survival benefit observed
upon adding cisplatin to irinotecan after failure of S-1
[67]
monotherapy .
[68]
The meta-analysis by Kim et al
demonstrated
evidence to support the efficacy of second-line
chemotherapy in the treatment of metastatic gastric
cancer. The meta-analysis pooled together 410
[62,63,65]
patients from three randomized trials
evaluating
chemotherapy (docetaxel/irinotecan) versus BSC as
second-line therapy in patients with metastatic gastric
cancer. This meta-analysis demonstrated that there
exists a clear survival benefit with a 36% reduction in
the risk of death when using second-line chemotherapy
in patients with metastatic gastric cancer (HR = 0.64;
95%CI: 0.52-0.79, p < 0.0001). The observed results
were consistent irrespective of the administered drugs,
and the extent of survival benefit was similar between
European and Asian populations (HR = 0.63 and 0.657,
[68]
respectively) .
Biological agents: With the arrival of ToGA study
data, a new era of targeted therapy was opened
[18]
for gastric cancer . Ramucirumab is the first
biological agent that showed a survival benefit in
patients with metastatic gastric or gastro-esophageal
junction adenocarcinoma progressing after first-line
[69]
chemotherapy, given either as a single drug
or
[70]
in combination with paclitaxel . Ramucirumab is a
fully human Immunoglobulin G1 monoclonal antibody
receptor antagonist designed to bind the extracellular
domain of Vascular Endothelial Growth Factor (VEGF)
Receptor-2, thereby blocking the binding of VEGF
ligands and inhibiting receptor activation and thus
[71]
inhibiting angiogenesis .
[69]
In the phase Ⅲ randomized study (REGARD) ,
355 patients from all parts of the world who pro
gressed after platinum- or fluoropyrimidine-based firstline chemotherapy were randomized to receive either
ramucirumab 8 mg/kg on day 1 every 2 wk (n = 238)
or placebo (n = 117). Almost all the patients had an
ECOG PS of 0-1. In the active treatment arm, 65%
of patients had a progression-free interval of ≥ 6 mo
from the end of the previous treatment. Single agent
ramucirumab showed a significant survival benefit
when compared with the placebo arm (median OS - 5.2
vs 3.8 mo, HR = 0.776, p = 0.047). Estimated rates of
12-wk PFS were 40.1% in patients in the ramucirumab
arm and 15.8% in the placebo arm. The rate of disease
control was significantly higher in patients given
ramucirumab than in those given placebo (49% vs
23%). The median time to deterioration in ECOG PS to
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a score of 2 or worse was 5.1 mo in the ramucirumab
arm and 2.4 mo in the placebo arm (HR = 0.586, p
= 0.002). With regard to safety, more patients in the
ramucirumab group had grade ≥ 3 hypertension than
[69]
those in the placebo group (8% vs 3%) .
In another large phase Ⅲ randomized study
[70]
(RAINBOW) , 655 patients with a PS score of 0-1
received either ramucirumab 8 mg/kg (n = 330) or
placebo (n = 335) on days 1 and 15, plus paclitaxel
80 mg/m² on days 1, 8, and 15 of a 28-d cycle. In
both arms, 75% of patients had a time-to-progression
duration of < 6 mo on first-line therapy. More than
70% and 20% of patients received a doublet and
triplet regimen in first-line therapy (containing both
fluoropyrimidines and platinum agents), respectively.
Median OS (9.6 mo vs 7.4 mo. HR = 0.807, p = 0.017)
and median PFS (4.4 mo vs 2.9 mo. HR = 0.635, p ≤
0.001) were significantly increased in the ramucirumab
plus paclitaxel arm compared with the placebo and
paclitaxel arm. Preplanned forest plot analyses showed
an OS benefit in all subgroups. Grade ≥ 3 adverse
events that occurred more often in the Ramucirumab
plus Paclitaxel arm included neutropenia (41% vs
19%), hypertension (14% vs 2%), fatigue (12% vs
5%), anemia (30% vs 10%), and abdominal pain
(6% vs 3%). Thus, the addition of ramucirumab to
paclitaxel significantly increased OS, and this regimen
could be considered as a new standard of secondline treatment for patients with metastatic gastric
[70]
cancer .
Antiangiogenic therapy is not solely limited to
monoclonal antibodies. In addition to ramucirumab,
there are several other agents, such as apatinib and
regorafenib, that exhibit an antiangiogenic effect.
Apatinib is an oral VEGFR2 tyrosine kinase inhibitor
(TKI). The results of a randomized phase Ⅲ study
conducted in China that investigated the survival
benefit of apatinib over placebo were presented in
2014. Patients who failed to improve after two prior
lines of treatment were randomly assigned to receive
apatinib (n = 180, 850 mg once daily) and placebo (n
= 90). The median OS was significantly higher in the
apatinib arm compared to the placebo arm (195 vs
140 d, HR = 0.71, p < 0.016) as well as PFS (78 vs 53
[72]
d, HR = 0.44, p < 0.0001) .
In 2015, the preliminary results of a randomized
phase Ⅱ study (INTEGRATE), which studied the
efficacy and safety of regorafenib over BSC in
metastatic gastric cancer patients who failed to
improve after one or two lines of chemotherapy,
were reported. Regorafenib is an oral small-molecule
inhibitor of multiple protein kinases, including those
involved in angiogenesis (VEGFR 1, 2, and 3, TK with
Ig and EGF homology domain 2), oncogenesis (KIT,
RET, RAF-1, BRAF), and the tumor microenvironment
(platelet-derived growth factor receptor-β, fibroblast
[73]
growth factor receptor) . A total of 152 patients were
randomly assigned to receive regorafenib (160 mg,
days 1-21 every 28 d) plus BSC over placebo plus BSC
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in a 2:1 fashion. The median PFS was improved in the
regorafenib arm compared with placebo (11.1 wk vs
3.9 wk, HR = 0.41 p < 0.0001). OS data have not yet
been reported. Regorafenib therapy was well tolerated,
[74]
and there were no new safety signals .
Lapatinib, a EGFR1-2 TKI, did not show survival
benefit in first-line therapy when combined with
capecitabine plus oxaliplatin in HER2-positive advanced
or metastatic gastric and esophageal adenocarcinomas
[75]
in the TRIO-013/LOGiC trial . Lapatinib was also
studied in a phase Ⅲ randomized (TyTAN) study in
[76]
second-line treatment for an Asian population .
Patients deemed HER2-positive by FISH (n = 420)
were either randomized to receive lapatinib (1500 mg
2
once daily) plus paclitaxel (80 mg/m on days 1, 8,
15 every 4 wk) or paclitaxel alone. In the intent-totreat (ITT) population, the median OS was improved
in the experimental arm from 8.9 to 11 mo (HR =
0.84; p = 0.2088). There was no significant difference
in the median PFS (5.4 mo vs 4.4 mo) or TTP (5.5
mo vs 4.4 mo). Around one-third of patients had
tumors with no HER2 expression (0/1+) according
to immunohistochemistry (IHC) in both arms. Preplanned subgroup analysis showed a significant OS
benefit in patients with IHC 3+ expression treated
with lapatinib (14 mo) compared to those treated with
[76]
paclitaxel alone (7.6 mo, HR = 0.59; p = 0.0176) .
Gefitinib, an EGFR1 TKI, was investigated in the
second-line treatment of metastatic esophageal cancer
or type Ⅰ /Ⅱ Siewert junctional tumors in a phase
Ⅲ randomized trial (COG study). Approximately
450 patients with a squamous-cell carcinoma or
adenocarcinoma with WHO PS 0-2 were randomly
assigned to receive gefitinib 500 mg/d or placebo.
Gefitinib resulted in a statistically significant
improvement of PFS (HR = 0.8), but not OS (3.73 mo
[77]
vs 3.67 mo, HR = 0.90, p = 0.29) .
Everolimus is an oral mammalian target of
rapamycin (mTOR) inhibitor. Everolimus was studied
in a phase Ⅲ randomized study (GRANITE-I) in
metastatic gastric cancer patients progressing after
one or two lines of previous systemic chemotherapy. A
total of 656 patients were randomized in a 2:1 fashion
to everolimus plus BSC (n = 439) or placebo plus BSC
(n = 217). In both arms, 48% of patients had received
one previous therapy and 52% had received two
previous therapies. Compared with BSC, everolimus
did not significantly improve survival (median OS - 5.4
[78]
mo vs 4.3 mo; HR = 0.90, p = 0.124) .

FUTURE DIRECTIONS
In the second-line treatment of metastatic gastric
cancer, factors such as hepatocyte growth factor
receptor (c-Met), fibroblast growth factor receptor
(FGFR), epithelial cell adhesion molecule (EpCAM),
insulin-like growth factor receptor 1 (IGF-1R), pho
sphatidylinositol 3-kinases (PI3K), cyclin dependent
kinases (CDK), mitogen-activated protein kinases
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(MAPK), immune checkpoints (PD-1 and PD-L1),
matrix metalloproteinases, proteasomes, histone
deacetylases, chaperone proteins, and other molecular
structures are under evaluation. Novel drugs directed
against those specific targets are under clinical
investigation.
Preclinical data suggest that the hepatocyte
growth factor (HGF)/MET pathway may represent a
[79,80]
therapeutic target for gastric adenocarcinoma
.
The expression of receptors to HGF is found in up to
74% of cases of gastric adenocarcinoma. However,
mutations in the c-Met gene are found in 10% of
cases, and gene amplification is found in 2%-23% of
[81-85]
gastric tumors
. C-Met overexpression has been
associated with poor prognosis. Signals sent from the
HGF receptor activate a wide range of cellular signaling
pathways, which promote proliferation, migration and
survival. This has made c-Met a potential therapeutic
target. The c-Met inhibitors crizotinib and foretinib did
not show significant activity in c-Met gene-amplified
[84,86]
gastric cancer
. However, monoclonal antibodies
to c-Met, including rilotumumab and onartuzumab,
[87,88]
are being actively studied in phase Ⅲ studies
in the first-line treatment of metastatic gastric
cancer. Rilotumumab showed promising results in
a randomized phase Ⅱ placebo-controlled study.
Approximately 121 patients with metastatic gastric
cancer receiving first-line therapy with epirubicin,
cisplatin and capecitabine (ECX) were randomly
assigned to receive rilotumumab or placebo (40 to
rilotumumab 15 mg/kg; 42 to rilotumumab 7.5 mg/
kg; 39 to placebo). ECX plus rilotumumab significantly
reduced the risk of disease progression compared with
placebo (HR = 0.6, p = 0.016). However, there was
no significant difference in overall survival. It should
be noted that only 56% of the patients included in
[89]
the study had a tumor expressing the c-Met gene .
The results of two other studies on c-Met inhibitors
[90,91]
were presented in ASCO GI 2015
. AMG337, a
selective inhibitor of the tyrosine kinase c-Met, was
investigated in a phase Ⅰ study in patients with gene
amplification. An objective response was achieved
[90]
in 8 out of 13 (62%) patients with gastric cancer .
Onartuzumab, a monoclonal antibody to c-MET, was
studied in combination with a FOLFOX regimen in
a randomized phase Ⅱ study, which included 123
patients with metastatic gastric cancer. The study did
not improve the long-term results. The most possible
explanation for the study’s failure could be the patient
selection, which was based on overexpression rather
[91]
than gene amplification . Thus, the blockade of c-met
has become an extremely promising strategy in the
targeted therapy of gastric cancer.
In recent years, agents targeting immune che
ckpoints (PD-1 and PD-L1) are gaining momentum
in oncology. Programmed cell death-1 (PD-1), an
immunoinhibitory receptor of the CD28 family, plays
[92]
a major role in the immune escape of tumors . One
of the mechanisms by which tumors evade host T
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cells is by activating immune checkpoints that block
T-cell activation. The presence of PD-L1 on tumor cells
allows them to escape the cytotoxic effects of immune
cells. Pembrolizumab, a highly selective humanized
IgG4/kappa isotype monoclonal antibody that blocks
PD-1’s interaction with its ligands PD-L1 and PD-L2, was
approved for the treatment of metastatic melanoma
in 2014. Pembrolizumab was studied in a phase Ib
study, which was presented at the ESMO meeting
[93]
in 2014 . Among 39 patients with chemotherapyrefractory metastatic gastric or gastro-esophageal
junction carcinoma and PD-L1 expression in ≥ 1% of
tumor cells, pembrolizumab administration achieved
an objective response of 31% with a median response
duration of 6 mo. There was a correlation between
the degree of expression of PD-L1 and objective
[93]
tumor response . Following these encouraging
results, a randomized phase Ⅱ study has been
initiated to investigate the efficacy of pembrolizumab
in monotherapy or in combination with cisplatin and
5-fluorouracil for the first-line treatment of metastatic
gastric cancer.
BRCA mutations in gastric cancer are extremely
rare. However, the decrease in the activity of certain
components of homologous recombination occurs in
[94]
35% . Changes in the activity of other molecules
are not directly associated with the process of homo
logous recombination, up to 70% (PTEN dysfunction,
[95-97]
mutation of p53 and ERCC1)
. Preclinical data
indicate that olaparib, an oral poly (ADP-ribose)
polymerase inhibitor, showed increased efficiency
[98]
when combined with chemotherapeutic agents . A
randomized phase Ⅱ study compared the efficacy
of olaparib (100 bid, daily) (n = 61) or placebo (n =
2
62) in combination with paclitaxel (80 mg/m days 1,
8, 15 per 28-day cycle) on both arms as second-line
therapy in patients with recurrent/metastatic gastric
cancer. Investigators found that in the absence of ATM
expression in tumors, which constitute the surrogate
of homologous recombination deficiency, the addition
of olaparib to paclitaxel significantly increased OS,
[99]
but not PFS . This has created a new dimension of
research in the targeted therapy of gastric cancer - the
influence on the DNA repair mechanisms in tumors.
Currently, one of the most studied biomarkers
in oncology is the therapeutic targets for fibroblast
growth factor receptors (FGFR) and their ligands.
The family of human FGF comprises 22 proteins
and 5 types of receptors for FGF (FGFR). The FGF/
FGFR complex is involved in the differentiation and
[100,101]
proliferation of various cells
. In gastric cancer,
the gene amplification of FGFR4 is associated with
[102,103]
poor prognosis
. As in other tumor types, the
presence of the FGFR4 gene polymorphism Gly388Arg
has proved to be of prognostic significance in gastric
[104]
[105]
cancer
. In a Japanese study
, which included
tumor samples from 222 gastric cancer patients, high
levels of expression of FGFR 1, 2, 3, and 4 (without
amplification) were detected in 30%, 51%, 64% and
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79% of tumors, respectively. The overexpression of
FGFR1, FGFR2 or FGFR4 was found to be significantly
associated with tumor progression, including depth of
invasion, lymph node metastasis, pathological stage
and distant metastasis or recurrent disease. Therefore,
FGFR-targeted therapeutics using small-molecule
compounds that inhibit the binding of FGF to FGFR is
a promising direction for research. For example, the
inhibition of FGFR2 signaling by AZD4547, a FGFR
inhibitor, resulted in significant dose-dependent tumor
growth inhibition in FGFR2-amplified gastric cancer
[106]
cell lines
. AZD4547 is currently being studied in
a randomized phase Ⅱ trial as monotherapy and
in combination with paclitaxel for the second-line
treatment of patients with metastatic gastric or gastroesophageal junction cancer with FGFR2 polysomy or
[107]
gene amplification .

DISCUSSION
Although data from randomized clinical trials show an
increased survival benefit with second-line therapy, not
all patients are offered second-line therapy in real-life
clinical practice. This could possibly be explained by the
poor PS, which the majority of patients experience with
disease progression after first-line therapy. In Japan,
almost all patients with metastatic gastric cancer
receive second-line therapy and more than 50% of
patients receive three lines of therapy. However, in
western countries, only half of the patient population
is offered second-line treatment on progression after
first-line therapy. These regional ethnic differences
should be taken in to consideration before translating
the survival benefit from clinical studies to real-life
practice. Additionally, the OS benefit obtained from
phase Ⅲ studies was observed in selected patients
who had adequate organ function and no severe comorbidities at the time of entry into the study.
In order to obtain a clear survival benefit, it
would be more rational to use second-line therapy in
a separate group of patients with higher predictive
survival rate who are likely to benefit from secondline therapy. This would allow us to spare the adverse
effects of cytotoxic agents in patients with lower
predictive survival rates. Of the randomized clinical
[62,63,69]
trials
, several factors, such as poor performance
status, presence of peritoneal metastases, gastroesophageal location of the primary tumor and a
chemotherapy-free interval of < 3 mo were identified
as clinicopathological prognostic factors for reduced
OS. Moreover, several other retrospective studies
identified similar prognostic factors (performance
status, time to progression of first-line chemotherapy
[25,33,108-110]
and hemoglobin levels)
. Therefore, factors
such as the patient’s general condition, metastatic
extent, previously used cytotoxic agents, toxicity
profile, cumulative toxicity, lack of cross-resistance
to previously used agents, and previous response to
first-line therapy should always be considered while
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administering second-line therapy. The role of secondline therapy in metastatic gastric cancer should
not only be improving OS but also achieving better
[111]
symptom control and improved QoL. Park et al
found that second-line therapy by itself improves the
QoL and Hospital Anxiety and Depression Scale (HADS)
scores in patients with metastatic gastric cancer,
regardless of the objective tumor response. This
shows that second-line therapy is justified in patients
who are physically fit and willing to receive further
chemotherapy. These findings are different from the
traditional endpoints such as tumor response rate and
survival rate.
[112]
A recent meta-analysis
analyzed the published
[62,63,65,69,78]
phase Ⅲ trials
that compared active
treatment to BSC in metastatic gastric cancer. Both
chemotherapy and ramucirumab had similar activity in
terms of the reduction of the risk of death by 27% and
22%, respectively. This analysis demonstrated that a
significant OS benefit was registered with active secondline treatments (irinotecan, docetaxel, ramucirumab),
even in patients with impaired performance status
[112]
[ECOG ≥ 1, HR = 0.82 (0.79-0.85)] . This suggests
that patients with symptomatic disease should not
be excluded from further lines of treatment following
the failure of first-line therapy. It should be noted
that for the first time in the second-line setting, the
addition of a targeted agent (ramucirumab) to standard
chemotherapy (paclitaxel) demonstrated a significant
survival benefit by increasing the median OS from
7.4 to 9.6 mo (p = 0.017) and median PFS from 2.9
to 4.4 mo. However, the other biological agents, such
as everolimus, lapatinib and gefitinib, failed to show
a survival benefit when administered as second-line
therapy. In addition to HER2 overexpression, to date,
there are no predictive biomarkers in the treatment of
metastatic gastric cancer. This has reemphasized the
fact that clinical studies with better patient selection
based on predictive biomarkers are necessary.
[113-117]
Older microarray studies
performed in
gastric cancer cell lines described the expression
changes associated with morphological and tissue
type differences in gastric cancer. This approach has
changed as pathway signatures (rather than individual
genes) are used as the basis for cancer classification.
[118]
Recently, the Cancer Genome Atlas (TCGA) project
proposed a molecular classification dividing gastric
cancer into four genomic subtypes: Epstein-Barr virusinfected tumors, which display recurrent PIK3CA
mutations, extreme DNA hypermethylation, and
amplification of JAK2, PD-L1/2; microsatellite unstable
tumors, which show elevated mutation rates, including
mutations of genes encoding targetable oncogenic
signaling proteins; genomically stable tumors, which
are enriched for the diffuse histological variant and
mutations of RHOA or fusions involving RHO-family
GTPase-activating proteins; and chromosomally
unstable tumors, which show marked aneuploidy and
focal amplification of receptor tyrosine kinases. This
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classification has provided a roadmap for better patient
stratification for clinical studies that are to be planned
with targeted agents.

CONCLUSION
In the second-line setting, to date, three agents
(irinotecan, taxane and ramucirumab) have shown
a survival benefit over BSC or active agents in
randomized phase Ⅲ studies. Furthermore, a
paradigm shift from disease-specific new drug
development to biomarker-oriented investigations is
gaining momentum in the treatment of metastatic
gastric cancer. Clinical trials of molecular targeted
agents should focus on specific patient subsets. This
will result in individualizing therapeutic strategies by
maximizing drug efficacy and minimizing adverse
effects in patients with metastatic gastric cancer.
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Abstract
Early detection and efficient monitoring of tumor
dynamics are prerequisites for reducing disease burden
and mortality, and for improving the management of
patients with gastric cancer (GC). Blood-based biomarker
assays for the detection of early-stage GC could be of
great relevance both for population-wide or risk groupbased screening programs, while circulating biomarkers
that reflect the genetic make-up and dynamics of the
tumor would allow monitoring of treatment efficacy,
predict recurrences and assess the genetic heterogeneity
of the tumor. Recent research to identify blood-based
biomarkers of GC has resulted in the identification
of a wide variety of cancer-associated molecules,
including various proteins, autoantibodies against tumor
associated antigens, cell-free DNA fragments, mRNAs
and various non-coding RNAs, circulating tumor cells and
cancer-derived extracellular vesicles. Each type of these
biomarkers provides different information on the disease
status, has different advantages and disadvantages,
and distinct clinical usefulness. In the current review,
we summarize the recent developments in blood-based
GC biomarker discovery, discuss the origin of various
types of biomarkers and their clinical usefulness and
the technological challenges in the development of
biomarker assays for clinical use.
Key words: Gastric cancer; Biomarker; Liquid biopsy;
Cell-free DNA; Cell-free RNA; Extracellular vesicles;
Autoantibodies; Proteomics
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: The identification of blood-based biomarkers
that could reliably detect the presence of earlystage gastric cancer or provide means to monitor the
tumor dynamics is an unmet clinical need. Recently,
considerable effort has been devoted to discovering
various types of cancer-associated molecules in the
blood of gastric cancer patients, and this has resulted
in establishing biomarker models with remarkably high
sensitivity and specificity. However, a validation in
large-scale studies and a head-to-head comparison of
the biomarker models and technologies are required
before these biomarkers can be used in routine clinical
practice.
Kalniņa Z, Meistere I, Kikuste I, Tolmanis I, Zayakin P, Linē A.
Emerging blood-based biomarkers for detection of gastric cancer.
World J Gastroenterol 2015; 21(41): 11636-11653 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i41/11636.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i41.11636

INTRODUCTION
Although the incidence of gastric cancer (GC) has
decreased in most parts of the world, with estimated
952000 new cases and 723000 deaths from GC in
2012, it still accounts for approximately 6.8% of all
[1]
cases and 8.8% of cancer-related deaths worldwide .
The incidence rates vary significantly across the globe,
being the highest in Eastern Asia, followed by Central
and Eastern Europe and rates are the lowest in North
[1,2]
America and Western Africa . The main type of GC
is adenocarcinoma (approximately 95%), which can
be further categorized into an intestinal and a diffuse
[3]
type according to Lauren’s classification . Intestinaltype gastric adenocarcinoma, the most common
subtype of GC, develops through a well-described
sequence of histopathological stages from normal
mucosa to chronic gastritis, chronic atrophic gastritis
followed by intestinal metaplasia, dysplasia and finally
to adenocarcinoma, with H. pylori infection, which
is recognized as the main underlying cause of pan[4,5]
gastric mucosal inflammation . Thus, the main risk
factors for GC are chronic infection with H. pylori and
the presence of the above-listed precancerous lesions,
whereas a relatively smaller proportion of GC cases
are linked to a genetic predisposition and dietary
[6,7]
factors .
The high mortality rate in GC mostly results
from its detection at late stages. Most GC cases
are detected at stage Ⅲ A-Ⅳ , when the estimated
5-year survival ranges from 7%-27% and the median
[8,9]
survival is less than 12 mo . On the contrary, early
GC that is limited to the submucosal layer is curable
by endoscopic mucosal dissection or minimally[10]
invasive surgery . Early GC detection, however, is
hampered by the lack of specific symptoms before it
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has spread beyond the original site. Thus, organized
screening programs that aim to detect pre-cancerous
lesions and early-stage GC seem to be a main tool for
reducing GC-related mortality, but such programs have
[11]
been implemented only in some Asian countries .
Upper endoscopy is the primary screening technique
in most of the programs and the gold standard for
[6,11]
confirmation of the diagnosis
. However, endoscopy
is an invasive technique with uncommon but serious
side effects and a relatively high cost, and the results
[6]
are highly dependent on the skill of the endoscopist .
Therefore, GC screening in low GC incidence areas and
low-income countries is not practical, and is likely to be
associated with low participation rates in the screening
programs.
Currently, the only non-invasive test that has been
used for GC detection is the pepsinogen (PG) test.
PGs are pro-enzymes that are converted into the
proteolytic enzyme pepsin. PGs are mainly synthesized
and secreted by the gastric chief cells and their serum
[12]
levels indirectly reflect secretion in the stomach .
PGI is exclusively produced by the corpus mucosa,
while PGⅡ is also secreted by the cardiac and pyloric
[13]
glands and the proximal duodenal mucosa . Low
PGI levels and a low PGⅠ/PGⅡ ratio are indicators of
atrophic changes in the gastric corpus. PG tests can
detect gastric mucosal atrophy with a sensitivity of
[14-16]
66.7%-84.6% and a specificity of 73.5%-87.1%
,
whereas the sensitivity for GC detection ranges
[17-19]
from 36.8%-62.3%
, which is not acceptable in
population-based screening settings. Thus, the PG
test can be administered in a two-stage screening
approach as a primary screening test to identify
individuals who are at an elevated GC risk, and these
high-risk individuals are then referred for endoscopic
examination followed by the histological analysis of
[11]
gastric biopsy .
In recent years, considerable effort has been
devoted to the discovery of novel blood-based
biomarkers that are suitable for the development of
non-invasive tests to detect GC at an early stage or
to monitor tumor dynamics. Such biomarkers may
include quantitatively- or structurally-altered proteins,
cancer-associated autoantibodies, cell-free nucleic
acids (cfNAs), circulating tumor cells (CTCs), cancerderived extracellular vesicles (EVs) and metabolites.
In the current review, we provide an overview of
recently-discovered blood-based GC biomarkers,
and discuss their origin and mechanisms of release
into the bloodstream, and also their potential clinical
usefulness.

CRITERIA FOR BIOMARKERS APPLICABLE
TO CANCER CONTROL PROGRAMS
In 2013, a Working Group of international experts
established by the International Agency for Research
on Cancer made recommendations for GC control
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and concluded that a decisive public health action to
include GC in cancer control programs is required;
however, interventions should be tailored to the local
conditions, taking into account the prevalence, cost[20]
benefit ratio and adverse consequences . Prevention
strategies should aim to reduce both GC incidence
and mortality. Primary prevention strategies are
focused on preventing exposure to GC risk factors, for
example, by eradicating Helicobacter pylori (H. pylori)
infection or modifying patients’ diet and lifestyle,
while secondary prevention strategies aim to identify
patients with early-stage GC or precancerous lesions,
[6,11]
who would then undergo endoscopic surveillance
.
Tertiary prevention aims to control the symptoms
and morbidity of established cancer. Blood-based
biomarkers for the detection of early-stage, residual
or recurrent cancers could be highly relevant for both
secondary and tertiary prevention strategies.
Ideally, a biomarker that is used in populationwide screening programs should be stable and
robustly measurable in plasma or serum using routine
laboratory equipment, appear in the bloodstream
before the clinical signs and symptoms arise, should
discriminate between cancer and inflammatory
diseases and should have high positive and negative
predictive values. However, the relatively low pre
valence of GC in most parts of the world, except for
Eastern Asia, suggests that even biomarker assays
with high sensitivity and specificity would have a
low positive predictive value (PPV). For example,
if a hypothetical biomarker assay with a sensitivity
of 95% and specificity of 98% would be applied
to screen 100000 asymptomatic individuals in a
medium-incidence area such as Eastern Europe (with
GC prevalence of 0.04%), 38 true positives, 2 false
negatives and approximately 2000 false positives
would be detected, thus yielding PPV of only 1.87%.
A biomarker for detecting residual or recurrent
cancer, however, must reflect the tumor dynamics.
For example, it should be rapidly cleared from the
circulation after complete tumor removal, and it should
be able to detect incompletely-resected tumor and to
increase in the circulation before the clinical signs of
recurrence.

PROTEOMIC BIOMARKERS
Proteomic analyses can provide information on a
complex composition of proteins that are differentially
expressed in blood specimens from cancer patients and
healthy donors that could be used for cancer biomarker
discovery. The flowchart of serum proteomic analysis
usually consists of protein extraction and separation
performed by 2-dimensional gel electrophoresis (2-DE),
difference gel electrophoresis (2D-DIGE), surfaceenhanced laser desorption/ionization (SELDI), Liquid
Chip and other approaches. These are followed by
diagnostic model determination or protein identification
through MS and bioinformatics, after which identified
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proteins are verified using conventional techniques such
as Western blot and ELISA (technology approaches
[21]
reviewed by Liu et al ). The current challenges in
blood-borne biomarker discovery include variability of
sample preparation and pre-treatment as well as interlaboratory analytical variability of different instruments
used in discovery and validation studies. Another
issue is the choice of sample type used for proteome
analyses - serum seems to be the most common
choice because of its availability in biobanks and thus,
it is frequently used in studies. However, the Human
Proteome Organisation recommends the use of plasma
for proteomic studies to reduce the variability caused by
[22]
the coagulation process .
Many proteomic studies of serum biomarkers for
GC detection have been published in the last 10 years
[21]
[23]
(reviewed in detail by Liu et al and Lin et al ), and
examples of biomarker models are listed in Table 1. In
[24]
one of the pioneering studies, Ebert et al
analyzed
serum from GC patients with SELDI-TOF-MS and
Protein-Chip technology in combination with a patternmatching algorithm and built a classifier ensemble
that consists of 50 decision trees that achieved 100%
sensitivity and 96.7% specificity (including both,
intestinal and diffuse type GC). Moreover, this classifier
could detect early stage GC with sensitivity of 89.9%.
[25]
Liu et al showed that there were three differentiallyexpressed peaks identified by screening serum
samples from 65 GC and 53 cancer-free individuals,
including patients with chronic superficial gastritis and
chronic atrophic gastritis. The combined use of the
three biomarkers, which were identified as fibrinogen
α chain, apolipoprotein A-Ⅱ and apolipoprotein C-I,
distinguished the cancer group from the control
group with a sensitivity of 93.85% and a specificity of
94.34% in an independent validation set. In another
[26]
study, Li et al
found a six-feature proteomic model
by applying SELDI-TOF-MS analysis that effectively
distinguished GC samples from control samples
with a sensitivity of 93.5% and specificity of 91.6%.
In addition, they observed that three of the peaks
were differentially expressed between patients with
stage Ⅰ GC and advanced GC (accuracy 88.9%). Other
groups have reported using the SELDI-MS application
to analyze the serum profile from GC patients, and
they showed an overall high sensitivity and specificity
[27-32]
(over 90% and 80%, respectively)
. However,
these promising results have to be validated in larger
multicenter studies because the SELDI-MS approach
has several disadvantages, as follows: the results lack
consistency among research groups, the reproducibility
[33]
is low and it cannot directly identify proteins .
Other approaches besides SELDI-MS have been
[34]
used. Yang et al , using magnetic beads, separated
peptidome from GC patients’ serum using matrixassisted laser desorption/ionization - time of flight
(MALDI-TOF) MS, and they found 11 differentiallyexpressed proteins and the two most promising of
them could detect GC patients with 95.2% sensitivity
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Table 1 Proteomics-based biomarker models for detection of gastric cancer
Biomarker
model

Approach used

Five peaks - 3316, 6629, 3217, 3952,
6431 Da
1546 Da (SERPINA1)
5335 Da (ENOSF1)

Fibrinogen α-chain, apolipoprotein
A-Ⅱ and apolipoprotein C-Ⅰ

MB-WCX,
MALDI-TOF-MS
MB-WCX,
MALDI-TOF-MS;
ELISA for validation

HPLC, LC-MS/MS

Sample size and type
(cancer/controls)

Diagnostic value

1

Ref.

T: GC = 32/HC = 32
AUC = 0.86-0.99 for individual features (P < 0.001), Yang et al[148],
V: GC = 30
Sn = 79.3%, Sp = 86.5%
2012
Sn = 71.7% for early stage GC
(GC Ⅰ-Ⅱ = 8)/HC = 30
T: GC = 70/HC = 72
AUC (1546 Da) = 0.83
Yang et al[34],
V: GC = 36/HC = 36,
(P < 0.001),
2015
BGD = 30,
AUC (5335 Da) = 0.87
other cancers = 108
(P < 0.001) - calculated for training set; in validation
set SERPINA1 concentration was significantly higher
for GC patients than for all other controls (P < 0.001)
and ENOSF1 concentration was significantly higher
for GC patients than HC (P < 0.001)
T: GC = 65/HC = 30,
Sn = 90.9%,
Liu W et al[37],
BGD = 23
Sp = 90.6%
2012
V: GC = 44/ HC = 30,
(P = NA)
BGD = 23
GC = 169 (GCⅠ = 27)/
Sn = 93.5%, Sp = 91.6%
Li et al[26],
Accuracy for stage Ⅰ - 88.9%, (P = NA)
HC = 83
2012

Six peaks at 2873, 3163, 4526, 5762,
Protein Chip SELDI6121 and 7778 m/z;
TOF-MS
For stage Ⅰ three peaks at 2873,
6121 and 7778 m/z
EGFR, proApoA1, ApoA1, TTR,
xMAP (Luminex), T: GC = 120/BGD = 101,
RANTES, VN, DD, IL-6, A2M, CRP,
ELISA
HC = 19
V: GC = 95 (GC Ⅰ-Ⅱ =
PAI1
75)/BGD = 43, HC = 8
Four peaks at 1867 (tubulin beta
chain), 2701 (thymosin beta4 like
protein3), 2094 (cytochrom b-c1
subunit), 1467 Da

MB-WCX, MALDITOF-MS

T: GC = 40/HC = 39
V: GC = 40/GA = 30,
HC = 39

50 decision trees, 28 masses

Protein Chip SELDITOF-MS,

T: GC = 41/HC = 49
V: GC = 28; GCⅠ =
9/HC = 30

Three peaks at 3946, 3503 and 15958
Da

AUC = 0.95, (P < 0.05)
Sn = 88.8%, Sp = 89.7%
Sn (Ⅰ-Ⅱ ) = 92.3%
Sn (tumor size ≤ 2 cm) = 81.8%
AUC (1867 Da) = 1,
AUC (1467 Da) = 0.83
AUC (2701 Da) = 0.71
AUC (2094 Da) = 0.70 (P < 0.05)
Sn = 95.0%, Sp = 97.1%
Sn = 100%, Sp = 96.7%
For stage Ⅰ Sn = 89.9%
(P = NA )
Sn = 92.8%, Sp = 86.7%
For stage Ⅰ Sn = 89.9%
(P = NA )

Ahn et al[35],
2012

Fan et al[30],
2013

Ebert et al[24],
2004

1

Diagnostic values listed for validation set, if not otherwise stated. A2M: Alfa 2 macroglobulin; Apo: Apolipoprotein; AUC: Area under the curve;
BGD: Benign gastric diseases; CRP: C reactive protein; DD: D-dimer; ENOSF1: Isoform 2 of mitochondrial enolase superfamily member 1; EGFR:
Epidermal growth factor receptor; GA: Gastric adenoma; GC (Ⅰ-Ⅳ): Gastric cancer (TNM stages); HC: Healthy control; HPLC: High performance
liquid chromatography; IL-6: Interleukin 6; LC: Liquid chromatography; MALDI-TOF-MS: Matrix-assisted laser desorption/ionization-time of flightmass spectrometry; MB-WCX: Magnetic bead based weak cation-exchange chromatography; NA: Not available; PAI1: Plasminogen activator inhibitor 1;
proApo: Proapolopoprotein; RANTES: Regulated upon activation, normally T-expressed and presumably secreted; SELDI-TOF-MS: Surface-enhanced laser
desorption/ionization-time of flight-mass spectrometry; SERPINA1: Serpin peptidase inhibitor clade A (alpha-1 antiproteinase, antitrypsin), member 1; Sn:
Sensitivity; Sp: Specificity; T: Training set; TTR: Transthyretrin; V: Validation set; VN: Vitronectin.

[35]

and 93.6% specificity. In another study, Ahn et al
constructed a 29-plex array platform based on
antibodies against 11 proteins discovered using
proteomic approaches and 18 known cancer-associated
proteins, and used it to examine serum from 120 GC
patients and 120 non-cancerous individuals including
98 gastritis or ulcer patients. They used multivariate
classification analysis including 11 analytes (listed in
Table 1) that differed between the above-mentioned
groups (P value < 0.001). They obtained an accuracy
> 85% in an independent validation sample set (95
GC and 51 controls).
By evaluating the known individual serum proteins
identified using proteomic approaches from the cancer
biomarker perspective, the complexity of the plasma
proteome has to be taken into account; it has a wide
dynamic range covering 10 orders of magnitude star
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ting from albumins as the most abundant proteins
[36]
and ending with cytokines and interleukins . Some
groups have tried to reduce the plasma proteome
complexity by depleting highly abundant protein
fractions using different means; however, the results
obtained are rather ambiguous. For example, to
focus on lower-abundance proteins that might be
[37]
relevant to cancer, Liu et al
depleted serum of
predominant protein fractions and compared GC and
healthy donor specimens using 2D-DIGE followed
by MS. They detected 12 differentially expressed
proteins including plasminogen, apolipoprotein A-Ⅳ,
kininogen-1, clusterin and complement component
[38]
C4A. Chong et al
used a combination of proteomic
techniques that included highly abundant protein
removal and found that plasma protein C9 was
significantly increased in GC patients compared with
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the healthy donor group. Increased C9 levels have also
been reported in serum samples from patients with
acute leukemia and sarcoma as well as autoimmune
[38]
[39]
diseases . Ebert et al
used MALDI-TOF-MS for
screening whole serum samples from 14 GC patients
and 14 healthy individuals and found that a peptide
fragment increased in cancer patients’ serum; the
peptide was later identified as fibrinopeptide A (FpA).
The authors confirmed its level in serum using ELISA
in a larger cohort of GC patients (n = 99), high-risk
individuals (n = 13) and controls (n = 111), and they
observed increased levels in cancer patients and highrisk individuals compared to normal controls. FpA
is a blood coagulation protein that is also reported
[32,40]
to be a putative biomarker for GC staging
. The
above-mentioned apolipoprotein C-Ⅰ together with
C-Ⅲ have been previously reported as diagnostic
biomarkers for GC, and the analysis of serum from
103 GC patients and 54 cancer free controls showed
decreased expression in the cancer group versus the
control group; these results were confirmed using
ELISA. The level of apolipoproteins in blood has been
reported to be a potential biomarker for various
[41]
[34]
cancers . Yang et al
identified two peptides that
were later characterized as fragments of SERPINA1, an
inflammation acute phase protein, and ENOSF1 as the
most significantly increased peptides in GC patients.
Generally, most proteins mentioned above represent
highly abundant plasma proteins and their roles as
GC-specific diagnostic markers have to be interpreted
with caution, because they are known to be part of a
blood coagulation system or represent acute phase
inflammatory proteins and they have been reported to
be associated with other types of cancer. Evidence from
a study using a mouse model of breast cancer showed
that the host cell and tumor microenvironment-derived
protein signature in plasma differs from the signature
associated with inflammatory conditions that are not
related to cancer, and therefore could be used for early
[42]
stage cancer detection .
Some studies are focused on posttranslational
modification of the serum proteome, such as protein
[43-47]
glycosylation
, because it is known that alterations
in protein glycosylation are a common feature of tumor
[43]
cells. Bones et al , using a combination of glycomic
techniques and 2D-DIGE, demonstrated an increased
level of sialyl Lewis X epitopes that are presented on
triantennary glycans in serum from 80 GC patients
compared with 10 patients who had benign gastric
diseases and 20 healthy donors, and core fucosylated
biantennary agalactosyl glycans were present on
extracted immunoglobulin G molecules that were
[45]
associated with increased TNM stage. Ozcan et al ,
by analyzing serum N-glycan profiles using MALDITOF-MS, identified 19 glycans that were differentially
expressed among patients with GC, non-atrophic
gastritis and duodenal ulcers. The glycan profile of
the duodenal ulcer group was similar to that in the GC
group. In another study, the serum immunoglobulin
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G glycosylation profile was analyzed using Nano-LCMS, and eight glycans that can distinguish GC from
non-atrophic gastritis, eight glycans that differed
between GC and duodenal ulcer and three glycans
that differentiated between the non-atrophic gastritis
[47]
and duodenal ulcer groups were identified . Roy et
[46]
al used an on-chip lectin microarray-based glycomic
approach to analyze tissue and serum samples
from patients with GC, chronic gastritis and healthy
individuals. They showed that the glycoprofile obtained
from the tissue samples deviated more than that from
the serum samples. It is likely that the altered glycan
profile in serum from cancer patients is related to the
inflammatory processes and the host defense response
[43,45,47]
mechanisms during carcinogenesis in general
.
Although highly promising proteomic diagnostic
biomarkers have been identified, especially for early
GC diagnosis, there are currently no proteomic-based
serum biomarker tests available for clinical application.
It has become apparent that large-scale validation
studies are critical to evaluate the accumulated
proteomic data. Currently, the field of proteomic
techniques is rapidly evolving, and continuouslyimproving technical performance provides constant
and reliable high throughput analysis and increasing
technical sensitivity for low concentration plasma
[36,48]
protein measurements
.

CANCER-ASSOCIATED
AUTOANTIBODIES
The human immune system senses the presence of
[49]
cancer before manifestation of the disease . Hightiter IgG class autoantibodies against specific tumor
associated antigens (TAAs) have been found in
patients’ blood even up to five years before clinical
diagnosis, thus demonstrating their potential for
[50-52]
the detection of early stage cancer
. In addition,
autoantibodies have other promising biomarker
qualities: they are found in all tumor types that have
[53,54]
been analyzed so far
and they are highly stable,
antigen specific. Unlike the known GC biomarkers
such as pepsinogens, CEA and CA19-9, autoantibodies
are qualitative, not quantitative, biomarkers. Testing
autoantibody reactivity against panels of TAAs using
multiplex immunoassays has been shown to be
[55]
feasible
and this aspect might substantially foster
their transition from experimental to clinical medicine.
Accumulating evidence has shown that any
individual cancer-associated autoantibody biomarker
has a limited diagnostic value. Autoantibody repertoires
in cancer patients are diverse, and the frequency of
antibodies against any particular antigen typically
[56-58]
ranges from 1%-15%
. Among the most studied
individual markers in GC, there are autoantibodies
against well-known TAAs such as p53 (e.g., 13 studies
[58]
summarized by Werner et al
report a biomarker
sensitivity range of 8.1-32.1% and specificity range of
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Table 2 Autoantibody signatures with diagnostic value for gastric cancer
Biomarker signature description

Technology

Study design

2 TAAs – p62, Koc
ELISA
GC vs HC
3 TSAs - IQGAP3, KRT23 and
PARSE assay
GC vs HC (age and
REG3A
sex matched)
3 TAAs – p16, p53, c-myc
ELISA
GC vs HC
7 TAAs - p53, C-myc, p16, IMP1,
ELISA
Cardia GC vs HC
Koc, p62 and Survivin
7 TAAs - C-myc, Cyclin B1, IMP1,
ELISA, fixed cut-off
GC vs HC
ELISA, individual cut-off
GC vs HC
Koc, P53, p62 and Survivin
(recursive partitioning)
45 T7 phage-displayed TAA
T7 phage displayed TAA GC vs HC (age and
clones (including NY-ESO-1,
microarray
sex matched)
GC vs gastritis
DDX53, MAGE antigens etc.)
GC vs gastric ulcer

Sample size
(GC/controls)

Diagnostic value

Ref.

135/82
48/46

Sn = 19.3%, Sp = 97.6%, P < 0.01
Sn = 22.9%, Sp = 100%, P < 0.001

Zhang et al[62], 2001
Xu et al[149], 2012

74/82
88/140
91/346
91/346
T:100/100
V:235/213
235/100
235/54

Sn = 21.6%, Sp = 97.6%; P < 0.001 Looi et al[150], 2006
AUC = 0.73, Sn = 64%,
Zhou et al[68], 2015
Sp = 87%, P < 0.001
Sn = 52.7%, Sp = 89.9%, P < 0.01 Zhang et al[63], 2003
Sn = 98.9%, Sp = 93.1%,
Koziol et al[151], 2003
P < 0.001
AUC = 0.79, Sn = 59%,
Zayakin et al[56], 2013
Sp = 90%, P < 0.001
AUC = 0.64, Sn = 58.7%,
Sp = 55%, P < 0.001
AUC = 0.76, Sn = 58.7%,
Sp = 81.5%, P < 0.001

AUC: Area under the curve; GC: Gastric cancer; HC: Healthy controls; ND: Not determined; Sn: Sensitivity; Sp: Specificity; TAA: Tumor associated antigen;
TSA: Tumor specific antigen; T: Training; V: Validation.
[59,60]

[61]

[62]

95.25%-100%), NY-ESO-1
, MUC1 , Koc, p62 ,
[63,64]
[58]
C-myc and Survivin
and others .
The development of high-throughput proteomic
techniques, such as various native and recombinant
protein microarrays and bead-based technologies
[65]
(reviewed by Meistere et al ), has enabled the
simultaneous detection of autoantibodies against many
different TAAs. This has allowed systematic analysis
and comparison of the heterogeneous repertoires of
circulating autoantibodies within large patient cohorts,
which has resulted in selection for cancer-associated
biomarker signatures and discarding of those that are
induced by other immune processes such as tissue
damage, viral infections or possible autoimmune
[66,67]
conditions
. To the best of our knowledge, seven
studies have been published on the diagnostic values
of different GC-associated autoantibody biomarker
combinations (overviewed in Table 2). Within these
studies, the identified biomarker signatures could
discriminate GC from healthy controls with relatively
high specificity (ranging from 87-100%) but with
variable sensitivity (19.3%-98.9%). AUC was
[68]
reported in only two studies: Zhou et al
showed
that autoantibody reactivity against seven known
TAAs was able to distinguish between patients with
cardia GC from healthy controls with an AUC of 0.73,
[56]
while Zayakin et al
reported that 45 GC-associated
autoantibody classifiers distinguished GC (all stages
with similar sensitivity) from healthy controls with
an AUC of 0.79. However, these studies vary greatly
in regard to various important aspects, such as
the multiplexing level (2-45 autoantibodies), the
method used for autoantibody detection, definition of
appropriate control group(s), and approaches used for
data normalization and cut-off definition. Altogether,
these issues may greatly hamper the introduction of
the identified biomarkers into clinical practice.
The most relevant biomarkers for early GC diag
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nosis would be those capable of detecting cancer
in high-risk individuals. Only some studies have
addressed the GC-associated autoantibody repertoire
overlap with that found in patients with benign gastric
[56]
lesions. For example, a study by Zayakin et al found
that, within the diagnostic 45-autoantibody signature,
the identified biomarker pattern was partially shared
between GC and gastritis patients, and was not found
in patients with peptic ulcer and healthy controls.
Two smaller studies addressed the p53 autoantibody
specificity regarding benign gastric diseases and in
both cases it was shown that this biomarker specifically
detect GC in approximately 32% of the cases and that
[69,70]
it is not found in the control patients
. Another
issue is that GC-associated serologically active antigens
have been shown to elicit B cell responses in variety
[71]
of other malignancies . The overlap of the identified
GC-associated autoantibody signatures with those
found in patients with other (gastrointestinal) cancer
types has been addressed only partially and remains
to be systematically analyzed within further studies to
ascertain their clinical value.
In summary, cancer-associated autoantibody
biomarkers have been shown to have high specificity,
but moderate sensitivity, which would hinder their
use in clinical practice for population-based screening.
The limitations of the autoantibody biomarker
sensitivity from the biological point of view are
currently unknown. In a previous study, we analyzed
autoantibody responses against 45 TAAs in 235 GC
patients and found no serum-reactivity in 41% of the
[56]
patients . We then performed extensive screening
of cDNA expression libraries with serum samples
that did not react against the 45 TAA panel. The
screening results showed that up to 10% of the GC
patients either generally do not mount an antibody
response against tumor antigens or did not have
detectable autoantibody levels at the given time
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point (unpublished results), thus demonstrating the
biological limits for the sensitivity of autoantibodybased diagnostic assays. In addition, heterogeneity of
TAA repertoires between cancer patients is high, and
each individual autoantibody biomarker generally has
a low frequency of detection. Thus, currently-published
studies are most likely statistically underpowered.
Rare cancer-specific autoantibodies that individually do
not reach statistical significance, but are incorporated
into the diagnostic biomarker panels, lead to the
low reproducibility of initially-obtained results and
this lowers the diagnostic value of a diagnostic
autoantibody signature, which may be improved by
analyzing the proposed biomarker combinations within
cohorts with sufficient statistical power.
However, autoantibodies may be important
players in the stratification of risk group patients.
One of their strengths over other biomarker classes
is that the adaptive immune system senses the
[49]
tumor development early on
and can mount high
titer antibody responses even to minute amounts
of antigen while the presence of other biomarkers
(e.g., circulating tumor cells, protein biomarkers,
cancer exosomes, cell-free nucleic acids) is gradually
increasing in circulation during the progression of
cancer. Moreover, the autoantibody repertoires elicited
by GC have not been previously analyzed in the
context of IgG subclasses. This may be an important
aspect because each of the IgG1-4 subclasses have
different affinities for activating and inhibiting Fcγ
receptors, which eventually has an impact on the
activating/inhibitory balance of the infiltrating immune
effector cells. This may result in either host-protective
or tumor-promoting immune responses, and thus the
diagnostic value could be assigned to the specific IgG
subclass itself and not only to the antigen specificity of
[72]
total IgG, as was shown for melanoma . In addition,
the analyses of a TAA-specific secreted IgA repertoire
might reveal possible novel biomarker candidates
because mucosal linings are known to produce more
IgA than all other types of antibodies combined.

CELL-FREE NUCLEIC ACIDS
Although the presence of cell-free nucleic acid (cfNA)
in human blood was first described by Mandel and
[73]
Métais
in 1948, researchers only began to realize
the clinical significance of this finding half a century
[74]
later . During the past decade, the idea that cfNAs
could serve as blood-based biomarkers of cancer has
attracted increasing attention. cfNAs may serve as a
“liquid biopsy” of cancer reflecting the genetic makeup of tumors, thus enabling detection of drug targets
and tracking evolving genetic alterations throughout
the course of the disease. Numerous studies have
investigated the diagnostic and prognostic potential of
total cfDNA levels, gene copy number, DNA integrity,
cancer-associated DNA methylation markers or
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somatic mutations and expression levels of mRNAs,
miRNAs and other non-coding RNAs in the blood of
cancer patients.
cfNAs can be released into the circulation via
various forms of cell death such as apoptosis, necrosis,
[74-76]
autophagy and necroptosis
or actively secreted by
[77-80]
packaging into extracellular vesicles (EVs)
. Most
of the cfDNA is fragmented and the size distribution
of the fragments varies from 150-350 bp to > 10000
[81]
bp . The shorter fragments correspond to the monoand dinucleosomal DNA fragments released from
apoptotic cells, while the larger fragments are likely
[81]
to be released from necrotic cells . Increased cfDNA
integrity (i.e., higher ratio of longer to shorter DNA
fragments), presumably reflecting an increased rate
of necrotic cell death in cancer, has been found in
several types of cancer and has been shown to have
[82-84]
a diagnostic relevance
. However, the fraction of
tumor-derived DNA has been shown to vary from only
3% to as much as 93% of total cfDNA in different
[81]
patients
and the cellular source of cfDNA is still
controversial.
Circulating cfRNA, in particular miRNA, has been
found to be remarkably resistant to endogenous and
exogenous RNase activity, extreme pH conditions
[85]
and freeze-thaw cycles . This suggests that cfRNA
may be protected from degradation by packaging into
various EVs, including exosomes, microvesicles and
apoptotic bodies. Studies evaluating the proportion
of vesicle-enclosed and vesicle-free miRNA in human
plasma, however, have come to controversial con
clusions: several studies have showed that the
majority of circulating miRNAs are concentrated
in exosomes and exosome isolation improves the
sensitivity and consistency of miRNA analysis in
[86,87]
biofluids
, while other studies showed that only a
[88]
few miRNAs are enclosed into exosomes
and, on
average, there is less than one molecule of a given
[89]
miRNA per exosome . Currently, the reason for such
a discrepancy is unclear and more detailed studies on
the content, localization and stoichiometry of various
RNA species in distinct EV subtypes are required.

Total cfDNA level

Several studies have reported increased levels of
total cfDNA in plasma of GC patients compared with
[90-93]
healthy controls
(Table 3). The cfDNA levels could
distinguish between GC and control plasma with an
[90]
[92]
AUC varying from 0.75
to 0.991 . Because the
measurement of cfDNA levels does not require any a
priori knowledge of genetic alterations in the tumor
tissue, such an approach could be highly relevant
to the development of non-invasive assays for the
early detection of GC. However, the size of patient
cohorts was relatively small in all of these studies,
and therefore validation of the findings in large, well
characterized cohorts is required to draw conclusions
about clinical utility of cfDNA levels. In addition,
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Table 3 Cell-free DNA as biomarkers for detection of gastric cancer
Candidate biomarkers
Total cell-free DNA level
b-actin
(total cf DNA level)
DNA integrity
Alu DNA sequences
Total cfDNA level
Gene amplification
MYC gene copy number
(MYC/GAPDH ratio)

Sample size and type

Method/technology

Diagnostic value/outcome

Ref.

GC = 53, HC = 21, plasma

qPCR

AUC = 0.75, P < 0.0001

Sai et al[90], 2007

No significant difference between GC and HC

GC = 54, HC = 59; plasma

qPCR (ratio of long vs
short b-actin amplicons)
Alu81-qPCR

Early GC = 16; advanced GC =
14; HC = 34; plasma
GC = 57, HC = 39; tissues and
plasma

HER2 gene copy number
Discovery: GC = 52 (pre and
(HER2/RPPH1 ratio)
post-operative treatment), HC =
40; plasma and tissues
Validation: GC = 25 plasma
DNA methylation markers
RPRM (Reprimo)
GC = 43, HC = 31; GC tissues and
plasma
RUNX3

KCNA4 + CYP26B1

SLC19A3

FAM5C + MYLK

XAF1

GC (preoperative) = 65, GC
(postoperative) = 43, HC = 50,
tissues and serum
GC = 46, GPL = 46, HC = 30;
serum
Discovery: GC = 45, HC = 60;
plasma
Validation: GC = 20, HC = 20
GC = 58, GPL = 46, HC = 30;
serum
GC = 202, HC = 88, tumor tissues
and serum

AUC = 0.784, Sn = 75%, Sp = 63%

Measurement of cfDNA AUC = 0.991, Sn = 96.67%, Sp = 94.11% for GC vs
concentration
HC

Park et al[91],
2012
Kim et al[92],
2014

AUC = 0.816; strong positive correlation between Park et al[99],
MYC levels in GC tissues and plasma (r = 0.342;
2009
P = 0.009)
AUC = 0.746, Sn = 53.9%, Sp = 96.7%;
Shoda et al[100],
Positive correlation between GC tissues and
2014
plasma (r = 0.424; P = 0.00721); decrease in posttreatment plasma in HER2 + GC cases
Sn = 66.7%, Sp = 100%

qPCR

qPCR

95.3% GC, 9.7% HC, P < 0.00001;
Bernal et al[107],
Strong correlation between methyl status in
2008
tissues and plasma
AUC = 0.8651, Sn = 95.5%, Sp = 62.5%; decrease
Sakakura
after surgical resection
et al[152], 2009

MSP

qMSP

Discovery: Methylation
microarray in tissues;
Testing: MSP
MSRED-qPCR

Discovery: MeDIP in cell
lines; Testing: MSP
qMSP

AUC = 0.917, Sn = 91.3%, Sp = 92.1%

Zheng et al[109],
2011

Increased in GC, P < 0.0001

Ng et al[153],
2011

AUC = 0.82, Sn = 85%, Sp = 85%
AUC = 0.838, Sn = 77.6%, Sp = 90% for GC vs
HC; Sn = 30.4% for GPL vs HC; decrease after
surgical resection
AUC = 0.909, P < 0.0001; 83.9% concordance
between GC tissues and serum

Chen et al[154],
2012
Ling et al[108],
2013

AUC: Area under the curve; GC: Gastric cancer; GPL: Gastric precancerous lesions; HC: Healthy controls; MeDIP: Methylated DNA immunoprecipitation;
MSP: Methylation-specific PCR; MSRED-qPCR: Methylation-sensitive restriction enzyme digestion and real-time quantitative PCR; Sn: Sensitivity; Sp:
Specificity.

elevated cfDNA levels have also been detected in
[94]
[95]
patients with inflammatory diseases , infections
[96]
and cardiovascular disorders
and in healthy in
[97]
dividuals after exercise , thus indicating that this
phenomenon is not strictly cancer-specific. Similarly,
[98]
a recent study by Hamakawa et al
demonstrated
that the quantity of DNA fragments harboring cancerspecific somatic mutations in TP53 gene (circulating
tumor DNA, ctDNA) did not correlate with the level of
total plasma cfDNA, and only ctDNA showed a good
correlation with the GC disease status.

Cancer-specific gene amplification

More specific approaches for measuring total cfDNA
levels could be the assessment of cancer-specific
genetic alterations in the circulating cfDNA. Several
studies have used qPCR to quantify the copy number
of genes known to be amplified in GC tissues, such
[99]
[100,101]
as MYC
and HER2
, in cell-free plasma from
GC patients (Table 3). An increased MYC/GAPDH ratio
in plasma significantly correlated with that in the GC
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tissues and could distinguish between GC patients and
[99]
healthy controls with an AUC of 0.816 . Similarly, the
HER2 level showed a high correlation in plasma and GC
tissues, when quantified using qPCR, and had an AUC
[100]
[101]
of 0.746 for detecting GC . Meanwhile, Lee et al
reported that the HER2 copy number in tumor tissues
determined by FISH was not significantly associated
with the plasma HER2 level, thus calling into question
how well ctDNA levels reflect gene copy numbers in
the tumor tissue. The diagnostic usefulness of such
tests is limited to detecting GC in patients who harbor
the respective genetic amplifications, and therefore
they are unlikely to be widely implemented in routine
diagnostic examinations. However, they might prove
to be highly relevant for detecting the presence or loss
of therapeutic targets, and for monitoring treatment
efficacy and the course of the disease. Further studies
are needed to assess to what extent the ctDNA levels
reflect the intratumoral heterogeneity and what factors
affect the stability and half-life of the DNA fragments in
the plasma.
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DNA methylation markers

Several other studies have explored the possibility of
detecting cancer-associated hypermethylated DNA
fragments in the cfDNA of cancer patients. Methylation
markers in the bloodstream were first discovered in
[102,103]
breast and lung cancer patients in 1999
. Lee et
[104]
al
demonstrated, for the first time, the feasibility
of detecting aberrant methylation in serum from GC
patients. This study reported that promoter region
hypermethylation of genes encoding DAP-kinase,
E-cadherin, GSTP1, p15 and p16 was detected in
serum of 48.1%, 57.4%, 14.8%, 55.6% and 51.9%
of GC patients, respectively. Subsequently, multiple
studies showed hypermethylated genes in the plasma
or serum of GC patients. These studies have been
systematically summarized in recent reviews by
[105]
[106]
Tsujiura et al
and Toiyama et al
and examples
of key studies are given in Table 3. Hypermethylated
genes showing the highest diagnostic value for
[107]
[108]
detecting GC include RPRM
, XAF1
and a
[109]
combination of KCNA4 and CYP26B1 . RPRM encodes
Reprimo, a TP53-dependent cell cycle regulator, and
is frequently silenced in GC via methylation of its
[110]
[107]
promoter . Bernal et al
reported that methylated
RPRM was detected in plasma from 95.3% of GC
patients but in only 9.7% of healthy controls, thus
yielding a sensitivity of 95.3% and specificity of 90.3%.
XAF1, a negative regulator of apoptosis inhibitor, has
been shown to be downregulated by hypermethylation
in cancer tissues of over 83% of GC patients and
the agreement between the methylation status in
tumor tissues and corresponding serum was 83.9%.
Methylated XAF1 promoter fragments were detected
in the serum from 141 out of 202 GC patients, while
all 88 cancer-free controls were negative (AUC, 0.909;
[108]
[109]
95%CI: 0.875-0.942, P < 0.0001) . Zheng et al
used methylation CpG island microarray technology to
search for hypermethylated genes in GC tissues and
then selected five candidate genes in the serum of 46
GC patients, 46 patients with precancerous lesions and
30 healthy controls. A combination of two methylation
markers, CYP26B1 and KCNA4, could distinguish GC
from the control serum with a sensitivity of 91.3%,
specificity of 92.1% and AUC of 0.917 (95%CI:
0.858-0.976, P < 0.001).
These studies have shown several promising
methylation markers that warrant further validation in
independent cohorts of patients to establish which of
the individual markers or combination of markers has
the highest diagnostic value. There are also several
technical issues that have to be resolved before these
assays could be used in a clinical setting. Most of the
studies are based on the treatment of DNA with sodium
bisulfite, which converts unmethylated cytosine residues
to uracil but leaves methylated cytosines unaffected.
The modified DNA is analyzed by methylation-specific
PCR (MSP) or DNA sequencing. However, these tech
niques are prone to false-positive results arising mostly
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from incomplete conversion of unmethylated cytosine
[111,112]
residues to uracil
. Recently, several quantitative
techniques for methylation analysis, such as MSHRM, SMART-MSP, methyl-BEAMing and bisulfite
[112-114]
pyrosequencing, have been established
, but
their performance in a clinical setting still needs to be
validated.

Cell-free RNAs

[85]

In 2008, Mitchell et al
used a mouse model to
demonstrate that miRNAs originating from human
prostate cancer xenografts enter the blood circulation,
thus providing proof of principle that cancer cells
release miRNAs that can be detected in the blood.
[115]
Chen et al
reported results obtained by deep
sequencing of serum miRNAs in patients with diabetes,
lung and colorectal cancer and healthy individuals. This
study revealed that serum from patients had distinct
patterns of disease-specific miRNAs that were absent
in the healthy controls and suggested that several
diseases may leave specific miRNA-fingerprints in the
[116]
blood of patients. Recently, more than 20 studies
have explored the usefulness of circulating miRNAs
for detecting GC. Examples of key studies are given
in Table 4. Most of these studies were focused on
candidate miRNAs that were selected from previous
analysis of GC tissues, while others used a hypothesisfree approach, where miRNA profiling is performed
in a discovery sample set using high throughput
techniques such as TaqMan arrays, microarrays or
deep sequencing, and the diagnostic value of the
selected candidate miRNAs is then determined using
qRT-PCR in an independent validation set.
[117]
Tsujiura et al
for the first time demonstrated
the usefulness of circulating miRNAs for diagnosing
and monitoring GC. The levels of five GC-associated
miRNAs (miR-17-5p, miR-21, miR-106a, miR-106b and
let-7a) were studied in plasma from GC patients and
the results showed that the former four miRNAs were
present at significantly higher levels while let-7a was
decreased in the plasma from GC patients compared
to the controls, and the miR-106a/let-7a ratio could
distinguish between patients and controls with an AUC
of 0.879. Although the authors found relatively good
correlation between the miRNA expression levels in the
blood and tumor tissue, several subsequent studies
showed that only a subset of miRNAs that are highly
expressed in tumors show elevated levels in serum
or plasma, while other miRNA species are selectively
[118]
released or retained by the cell
. The same group
then compared miRNA profiles in pre- and postoperative plasma samples from GC patients using
microarray analysis and identified a list of miRNAs that
were markedly decreased in post-operative plasma and
therefore are likely to be associated with the presence
[119]
of cancer
. Two candidate miRNAs, miR-451 and
miR-486, were tested in a cohort of 56 GC patients
and 30 healthy controls, and the ROC curve analyses
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Table 4 Cell-free RNAs as biomarkers for detection of gastric cancer
Candidate biomarkers
Circulating cell-free miRNAs
miR-106a/let-7a ratio

Sample size and type

Method/technology

Diagnostic value/outcome

Ref.

GC = 69, HC = 30; plasma

qRT-PCR

AUC = 0.879, Sn = 85.5%, Sp = 80%

Discovery: Solexa
sequencing;
Testing: qRT-PCR
Discovery:
microarray
Testing: qRT-PCR

AUC = 0.831 (validation set)

Tsujiura et al[117],
2010
Liu et al[155],
2011

5-miRNA signature:
Discovery: GC = 20, HC = 20;
miR-1, miR-20a, miR-27a, Validation: GC = 142, HC = 105;
miR-34, miR-423-5p
Serum
miR-451
Discovery: pre- and post-operative
plasma, GC = 3;
miR-486
Validation: GC = 56, HC = 30

AUC = 0.96, Sn = 96%, Sp = 100%; decreased in Konishi et al[119],
90% of post-operation plasma samples
2012
AUC = 0.92, Sn = 86%, Sp = 97%; decreased in
93% of post-operation plasma samples
miR-378
Discovery: GC = 7, CRC = 7, HC = Discovery: microarray
AUC = 0.861, Sn = 87.5%, Sp = 70.73%;
Liu et al[122],
10;
2012
Validation: GC = 40, HC = 41;
Testing: qRT-PCR
No significant differences across stages Ⅰ-Ⅳ
serum
miR-223
Test set: GC = 10, HC = 10;
qRT-PCR
AUC = 0.9089
Li et al[121],
miR-21
AUC = 0.7944
Validation: GC = 60, HC = 60;
2012
miR-218
AUC = 0.7432
plasma
3 miRNA combined
AUC = 0.9531, Sn = 84.29%, Sp = 92.86%
No significant differences across stages Ⅰ-Ⅳ
3-miRNA signature:
Discovery: GC = 14, HC = 14;
Discovery: TaqMan
Sn = 82.4%, Sp = 58.8% (for GC vs HC)
Song et al[124],
Validation Ⅰ: GC = 68, HC = 68 array, validation: qRTSn = 73.3% (for early GC)
miR-221, miR-744, and
2012
Validation Ⅱ: DYS = 46,
miR-221 elevated in DYS, no difference from
miR-376c
PCR
HC = 46
HC for miR-376c and miR-744;
Pre-diagnosis serum samples, GC =
Increase during GC development;
Sn = 79.3% (for GC 2-5 years before diagnosis)
58
miR-106b
Discovery: GC = 30, HC = 30
qRT-PCR
AUC = 0.773 (all in validation set)
Cai et al[156],
miR-20a
Validation: GC = 60, HC = 60;
AUC = 0.859
2013
miR-221
plasma
AUC = 0.796
miR-223
GC = 50, HC = 47; serum
qRT-PCR
AUC = 0.85, Sn = 81%, Sp = 78%;
Wang et al[157],
Increased in advanced stages
2014
miR-16
AUC = 0.90, Sn = 79%, Sp = 78%
miR-100
AUC = 0.71, Sn = 71%, Sp = 58%
Increased in advanced stages
miR-16
Discovery: stage Ⅰ non-cardia GC = Discovery: TaqMan
AUC = 0.768 (all in validation set)
Zhu et al[120],
miR-25
AUC = 0.694
40, HC = HC;
array, validation: qRT2014
miR-92a
AUC = 0.732
PCR
Validation: stage Ⅰ non-cardia GC
miR-451
AUC = 0.790
= 48, HC = 102
miR-486-5p
AUC = 0.779
5 miRNA combined
AUC = 0.812, Sn = 72.9%, Sp = 89.2%; In vitro
evidence that miR-16, miR-25 and miR92a but
not miR-451 and miR486-5p are secreted from
cancer cells
miR-222
GC = 114, HC = 56; plasma
qRT-PCR
AUC = 0.850, Sn = 66.1%, Sp = 88.3%
Fu et al[158], 2014
miR-18a
GC = 82, HC = 65, plasma
qRT-PCR
AUC = 0.907, Sn = 80.5%, Sp = 84.6%; no
Su et al[123], 2014
association with stage
miR-18a
GC = 104, HC = 65, plasma and GC
qRT-PCR
AUC = 0.8059, Sn = 84.6%, Sp = 69.2%
Tsujiura et al[159],
Overexpressed in GC; in vitro evidence that
tissues
2015
miR-18a is released by cancer cells; decreased in
postoperative plasma
Circulating cell-free mRNAs and long non-coding RNAs
hTERT mRNA
GC = 118, CAG = 40, HC = 58;
qRT-PCR
AUC = 0.891, Sn = 66%, Sp = 87%; strong
Kang et al[125],
plasma
positive correlation with advanced stage of GC
2013
MACC1 mRNA
GC = 76, HC = 54, plasma
qRT-PCR
Sn = 68%, Sp = 89%
Burock et al[160],
2015
LINC00152
Pre- and post-operative plasma GC
qRT-PCR
AUC = 0.657, Sn = 48.1%, Sp = 85.2%
Li et al[131], 2015
= 79, GED = 31, HC = 81
AUC: Area under the curve; DYS: Intestinal dysplasia; GC: Gastric cancer; HC: Healthy controls; Sn: Sensitivity; Sp: Specificity.

showed an AUC of 0.96 and 0.92, respectively, thus
demonstrating their relevance for diagnosing GC and
monitoring the course of the disease. However, Zhu
[120]
et al
found that these two miRNAs had a lower
diagnostic performance (AUC of 0.790 and 0.779,
respectively) for detecting early stage non-cardia GC.
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Surprisingly, both miRNAs were downregulated in GC
[119]
tissues compared with adjacent normal tissues , and
their cellular source and the mechanism of release into
[120]
the circulation remains unknown .
Subsequent studies have resulted in the identifi
cation of several individual miRNAs or miRNA signatures
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that show significant diagnostic values, with an AUC
[121]
as high as 0.953
. Some of the studies report no
significant differences in the miRNA levels across GC
stages, thus suggesting that these miRNA biomarkers
appear in patients’ blood at an early stage of cancer
development and could be suitable for the detection of
[121-123]
[124]
early GC
. A retrospective study by Song et al
demonstrated an increasing trend in expression of three
serum miRNAs (miR-221, miR-744 and miR-376c) over
a 15-year timeframe before GC diagnosis and showed
that the 3-miRNA panel could classify serum samples
collected 2-5 years before the clinical diagnosis of GC
with 79.3% accuracy.
Several other studies have explored the possibility
of using circulating mRNAs, long non-coding RNAs
(lncRNAs) and circular RNAs (circRNAs) for the
detection of GC. Despite the presence of RNases in
human blood, all these RNA species turned out to be
stable and robustly detectable in plasma or serum
samples and some of them have shown a relatively
[125]
high diagnostic value. For example, Kang et al
reported that elevated hTERT mRNA levels could
distinguish between GC and healthy controls, with
an AUC of 0.891, sensitivity of 66% and specificity of
87%. LncRNAs and circRNAs are recently-discovered
categories of non-coding RNAs that regulate gene
expression at the transcriptional and posttranscriptional
levels and accumulating evidence suggests that
they may play key roles in the development of can
[126,127]
cer
. Several recent studies reported that their
expression is deregulated in GC tissues and some can
[128-132]
be detected in patients’ blood
, and thus, they
may represent a novel source for circulating biomarker
discovery. However, a deeper understanding in their
biology, mode of action and mechanism of release
into the circulation is required to evaluate their clinical
significance.
However, there is a little overlap among the
identified miRNAs in various studies and, with a few
exceptions such as miR-223 or miR-18a, most of the
results have not been reproduced by other studies
to date. One of the main reasons for variability and
inconsistency among the findings is the approach
used to normalize qRT-PCR data. Currently, there is
no consensus on housekeeping genes in serum or
plasma that could be used as internal controls for
this normalization. Several studies have used U6
snRNA or miR-16 as a normalization control, but other
studies have shown large fluctuations in their levels
in serum and plasma, and they concluded that these
[133,134]
RNAs are not suitable as endogenous controls
.
An alternative approach for controlling the technical
variability is based on synthetic spike-ins. In this
approach, miRNAs without a sequence homology to
human miRNAs, such as cel-miR-39, are spiked into
the serum/plasma samples before RNA extraction
and amplified together with the target miRNAs. The
target miRNA levels are then normalized to the sample
volume and spike-ins, but this approach does not
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control for the preanalytical variability. Hemolysis has
been shown to alter miRNA content in plasma. For
example, miR-16 and miR-451 have been shown to
be released by red blood cells and their levels were
[135]
proportional to the degree of hemolysis
. This
suggests that assessing the degree of hemolysis is
a crucial step in assays that quantify circulating RNA
levels.

OTHER POTENTIAL BIOMARKERS
Circulating tumor cells

Detection of the presence of CTCs in the peripheral
blood of cancer patients has a promising clinical value
in the predictive and prognostic setting, but currently,
it has a rather limited potential for detection of early
stage cancer. Accumulating evidence shows variable
overall GC detection rates based on CTC isolation and
characterization of their mRNA expression (ranging
from 9.6%-71.2%). Current results are summarized in
[105]
recent review by Tsujiura et al . Studies have shown
that the number of CTCs analyzed in peripheral blood
from patients with metastatic gastrointestinal cancer is
generally lower (1-2 CTCs/7.5 mL of blood) than that
found in other malignancies, such as in patients with
metastatic prostate cancer (3-5 CTCs/7.5 mL of blood)
[136-138]
or breast cancer (6-7 CTCs/7.5 mL of blood)
.
Although novel approaches for rare CTC detection
in a small amount of peripheral blood are emerging,
their sensitivity for early stage GC is still limited. For
[139]
example Kolostova et al
demonstrated that there
are biologically inherent limitations to the CTC-based
test application for GC detection.
To date, the CellSearch system (Veridex) is the
first and only FDA approved test that has been
shown to be useful for detecting CTCs in patients with
metastatic breast, prostate or colorectal cancer. It
enables the enumeration of CTCs of epithelial origin
(CD45-, EpCAM+, and cytokeratins 8, 18+, and/or
19+) in whole blood. The usefulness of the CellSearch
system in GC detection has recently been evaluated by
[140]
Uenosono et al . The authors showed that the test
could detect stage Ⅰ and Ⅱ GC patients in only in 1.6%
(1/64) and 3.9% (1/26) of the cases, respectively
(P = 0.0002); however, the data indicated that CTC
detection in peripheral blood may be a useful tool
for predicting tumor progression, prognosis, and the
effect of chemotherapy in patients with GC. Besides
the CellSearch system, novel and more sensitive
experimental approaches for rare CTC detection are
being developed; however, the data on their sensitivity
for early stage GC is still limited. For example,
[139]
®
Kolostova et al
used the MetaCell approach, which
is based on physical sorting and cultivation of isolated
CTCs, to detect one out of three stage Ⅰ GC and two
out of four stage Ⅱ GC cases.
Taken together, although numerous studies have
been performed, the research on this type of “liquid
biopsy” for GC detection remains in its infancy. Further
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studies involving larger patient/control cohorts, a
deeper understanding of CTC biology and significance
and progress in techniques linked to CTC isolation and
characterization could enhance their usefulness as
biomarkers in future.

Cancer-derived extracellular vesicles

Cancer-derived EVs are gaining increasing attention
[141]
in the cancer biomarker field
. Currently, they are
under intense investigation for their composition,
biological functions and distribution, along with their
diagnostic and therapeutic potential. Either secreted
or shed from cancer cells, they are considered to
be a liquid tumor biopsy because they are found in
elevated levels in the circulation and they have been
shown to carry cancer cell-derived lipids, proteins,
mRNAs, non-coding and structural RNAs and even
genomic DNA, which at least partially reflect parental
cells and represents attractive shuttles for cancer
[142,143]
biomarkers
. Studies from several groups have
demonstrated the diagnostic potential of cancerderived EV for the detection of various cancer types,
including but not limited to melanoma, prostate,
ovarian and colorectal cancer (reviewed by Zocco
[144]
et al
). However, there is little data on circulating
GC EVs; to the best of our knowledge, only one
study has been published regarding the analyses of
circulating EVs in patients with stomach cancer. Baran
[145]
et al
attempted to characterize the EVs isolated
from platelet-depleted plasma samples from 37 GC
patients, compared to those from 10 healthy controls.
They demonstrated that GC patients, compared with
controls, have: (1) a significantly higher number
of total circulating EVs (except for patients with
stage Ⅰ GC) (P < 0.001); (2) EVs with significantly
higher expression of GC-associated proteins MAGE-1
and Her-2/neu+ (only late stage patients analyzed,
n = 13; P < 0.05); and (3) EVs with upregulated
CRC6 and downregulated CXCR4 surface expression
(P < 0.05). However, they made no attempt to set a
diagnostic value based on these findings. Considering
the current advances in this field, further studies on
EVs released in patients with GC are warranted.

CONCLUSION
Over the last decade, considerable effort has been
dedicated to discovering various types of cancerassociated molecules in the blood of GC patients.
Several of the identified biomarkers have remarkably
high sensitivity and specificity that greatly outperform
the previously-known GC serum biomarkers such PGs,
[146,147]
CA 72-4, CA19-9 and CEA
, and therefore have
the potential to complement or replace the existing
endoscopy, X-ray or biopsy-based examinations. Each
type of biomarker has a different origin, provides
various types of information and has their own
strengths and weaknesses, thus suggesting different
clinical applications. For example, autoantibodies
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against TAAs are qualitative and highly specific
markers for the presence of cancer, and they have
been identified in the circulation several years before
the clinical manifestation of the cancer. Autoantibodies
against TAAs, therefore, seem to be an excellent
biomarker for the detection of early-stage cancer.
However, there is a subset of GC patients with no
humoral immunity against tumor antigens that limits
the use of autoantibody-based assays for populationbased screening programs. Moreover, antibodies
are relatively stable and they may remain in the
circulation for several months, even years; therefore,
they likely have limited potential for monitoring the
disease. However, detection of cancer-specific genetic
or epigenetic alterations in the cfNA would provide
an excellent tool for monitoring cancer dynamics,
while their diagnostic use is limited to those patients
who have the respective alterations. In addition,
these assays may fail to detect evolving cancer
cell clones that have lost the respective marker.
Several of the proteomics-based biomarker models
have demonstrated high sensitivity and specificity
for detecting GC; however, it is not clear if most of
these proteins are directly and causally involved in
the development of cancer and therefore further
mechanistic studies are required to validate them as
cancer-associated biomarkers.
We suggest that new bio-fluid testing systems,
which will combine various types of biomarkers, will be
developed in the future and will allow collection of all
the information on the disease status, genetic makeup of the tumor and the status of patients’ immune
system using a single blood test. However, there are
several technical issues that have to be resolved before
such a device could meet the regulatory requirements.
Thus, the next goal would be to perform a head-tohead comparison of various biomarker models and
technological platforms in large, well-characterized
cohorts of patients and controls to select the
biomarkers with highest clinical relevance. This would
require a collaborative effort among the research
groups to establish standardized pre-analytical and
analytical procedures and guidelines for reporting the
results.
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Abstract
Helicobacter pylori (H. pylori ) plays a role in the patho
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genesis of gastric cancer. The outcome of the infection
depends on environmental factors and bacterial and
host characteristics. Gastric carcinogenesis is a multistep
process that is reversible in the early phase of mucosal
damage, but the exact point of no return has not been
identified. Therefore, two main therapeutic strategies
could reduce gastric cancer incidence: (1) eradication
of the already present infection; and (2) immunization
(prior to or during the course of the infection). The
success of a gastric cancer prevention strategy depends
on timing because the prevention strategy must be
introduced before the point of no return in gastric
carcinogenesis. Although the exact point of no return
has not been identified, infection should be eradicated
before severe atrophy of the gastric mucosa develops.
Eradication therapy rates remain suboptimal due to
increasing H. pylori resistance to antibiotics and patient
noncompliance. Vaccination against H. pylori would
reduce the cost of eradication therapies and lower
gastric cancer incidence. A vaccine against H. pylori is
still a research challenge. An effective vaccine should
have an adequate route of delivery, appropriate bacterial
antigens and effective and safe adjuvants. Future
research should focus on the development of rescue
eradication therapy protocols until an efficacious vaccine
against the bacterium becomes available.

Core tip: Two main therapeutic strategies could
reduce the incidence of Helicobacter pylori (H. pylori )related gastric cancer: eradication of the infection or
vaccination. Success of a gastric cancer prevention
strategy depends on the eradication of the infection
or on vaccination before irreversible mucosal changes
(severe atrophy, intestinal metaplasia or dysplasia)
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have occurred. Eradication therapy results are sub
optimal due to increased antibiotic resistance in H.
pylori and patient noncompliance. To improve the rates
of eradication, rescue regimens have been developed.
Concomitant and sequential protocols seem equally
effective rescue strategies. An effective vaccine is not
available at present, in spite of enormous effort by
different researchers.
Sokic-Milutinovic A, Alempijevic T, Milosavljevic T. Role of
Helicobacter pylori infection in gastric carcinogenesis: Current
knowledge and future directions. World J Gastroenterol 2015;
21(41): 11654-11672 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i41/11654.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i41.11654

INTRODUCTION
Helicobacter pylori (H. pylori) is a spiral, gramnegative, microaerophilic bacterium that plays an
undisputed role in the pathogenesis of gastric and
duodenal ulcers, low grade B cell gastric lymphoma
[1]
(MALT lymphoma) and gastric cancer . In 1982,
Warren and Marshall cultivated the bacterium. Their
discovery changed the therapeutic algorithm for both
peptic ulcer disease and gastric MALT lymphoma. The
role of H. pylori in gastric carcinogenesis was clarified
[1,2]
in 1991 when large epidemiological studies
reported
a higher incidence of gastric cancer in H. pylori-infected
individuals, which confirmed previously published
[3-5]
reports . Scientific evidence accumulated, and in
1994, H. pylori was named as a human carcinogen
by the International Agency for Research on Cancer.
The role of the infection in gastric cancer development
[6]
was further supported by a study by Wang et al that
included 2722 early gastric cancer patients and 13976
controls. This study demonstrated a higher H. pylori
prevalence in patients with early gastric cancer than in
the control group (87% vs 61%, respectively).
Gastric cancer is common; it is the third most
common of all cancers among males and the fifth
[7]
most common among females . The survival rate
of advanced gastric cancer patients is very low (<
20%). The incidence of gastric cancer is declining in
developed countries but rising in developing countries,
and the overall burden of the disease is constantly
[7,8]
increasing .
Distinct patterns of H. pylori gastritis are related
to different outcomes of the infection. Chronic corpuspredominant and multifocal atrophic gastritis lead
to increased risk of gastric cancer formation, while
antrum-predominant gastritis leads to the formation of
[9-11]
duodenal ulcer
.
The outcome of H. pylori infection depends on
the characteristics of the bacterium in addition to the
characteristics of the host and environmental factors.

WJG|www.wjgnet.com

PATHOGENESIS OF GASTRIC CANCER
Gastric mucosa colonization

H. pylori infection is, in majority of cases, acquired
during childhood. The bacterium has to overcome
the gastric acid barrier and enter the mucus layer
[12]
to complete the process of colonization
and to
subsequently induce damage to the gastric mucosa.
Furthermore, the persistence of the infection is also
important, and it reflects the ability of the bacterium to
[13]
adapt to its environment and to start multiplication .
To colonize the gastric mucosa the bacterium uses
[14]
urease activity, motility and adhesion mechanisms .
Urease activity is essential for colonization of the
gastric mucosa because in the absence of urea, the
bacterium can only survive in a pH range of 4.0-8.0,
while in an environment containing urea, it remains
viable at a low pH of 2.5. Urease catalyzes the hy
drolysis of urea into ammonia and CO2, leading to
the increased pH of the bacterial microenvironment.
H. pylori urease has a high affinity for urea, which
enables the bacteria to utilize the limited amounts of
[15]
urea that are present in the human stomach .
H. pylori flagella-mediated motility is necessary
for both colonization of the gastric mucosa and for
[14]
the persistence of the infection . Expression of two
flagellar proteins, FlaA and FlaB, is required for full
[16]
bacterial motility .
Adhesion of H. pylori to epithelial cells enables
the bacterium to alter host cell function. Adhesion is
mediated through outer membrane proteins that act
as adhesins, including BabA, SabA, AlpA, AlpB and
HopZ.
The interaction between the bacterium and the
gastric mucus occurs through contacts between the
[17,18]
bacterial outer membrane protein BabA
and the
b
Lewis blood group antigen. BabA is a highly variable
protein that is encoded by two genes, babA1 and
babA2. The protein encoded by babA2 is functionally
active. A major adhesin of H. pylori is SabA (sialicacid binding adhesin), which interacts with sialylated
[14]
structures on mucins . The proportion of sialylated
structures increases in the gastric mucosa during the
course of chronic H. pylori infection. SabA also binds
to sialylated receptors on neutrophils and induces
activation of the neutrophils. AlpA and AlpB are
expressed in all bacterial strains and enable binding
[14,18]
to host laminin
. HopZ also plays role in the
[14,19]
colonization process
.
[14,20]
H. pylori uses the thioredoxin system
to induce
partial breaks and changes in the polymeric structure
of mucus gel. H. pylori infection and non-specific
mechanisms of inflammation simultaneously reduce
the protective capabilities of gastric mucin. One-fifth
of the presenting bacteria completely adhere to the
gastric surface epithelium, while the remaining bacteria
[21]
reside in the surface mucus layer . The helical shape
of the bacterium facilitates its penetration of gastric
[22]
mucus .
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Figure 1 Mechanisms of Helicobacter pylori induced gastric mucosa damage.

H. pylori virulence factors

H. pylori virulence depends on the above described
and other factors that are responsible for damage
to the gastric mucosa (Figure 1). Epidemiological
studies have identified six distinct H. pylori strains
in different geographic regions that are related to
[23]
different incidences of gastric cancer . These strains
are termed hpEastAsia, hpAsia2, hpEurope, hpAfrica1,
hpAfrica2 and hpNEAfrica. H. pylori produces various
virulence factors and has the ability to modulate its
reaction to the host immune response and to thereby
[8]
adapt to individual host conditions .
[24,25]
H. pylori is a highly heterogeneous bacterium
.
Virulence factors that contribute to gastric cancer
development include the cytotoxin-associated gene
(cagA) A and CagA protein (CagA), CagL, vacuolating
cytotoxin (VacA) and outer inflammatory protein
(OipA), while the possible role of the duodenal ulcer[8]
promoting gene (dupA) remains unclear .

CagA

Two distinct types of H. pylori are the CagA-producing
(cagA-positive) strains and the CagA-nonproducing
(cagA-negative) strains. In animal models, gastric cancer
develops only in animals infected with cagA-positive
H. pylori strains or when CagA protein is artificially
[26,27]
introduced into the host
. Because in humans, only
some individuals infected with cagA-positive strains
develop gastric cancer, further investigations have
focused on cagA gene polymorphisms. The number
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of repeat sequences in the 3’ region of the cagA gene
[28]
differs between H. pylori strains . Each repeat region of
the CagA protein contains EPIYA motifs, a term used to
describe a specific sequence of amino acids (Glu-Pro-IleTyr-Ala). There are two EPIYA motifs in the first repeat
region (EPIYA-A and EPIYA-B) and two in the second
[24]
(EPIYA-C or EPIYA-D) repeat region . In Westerntype H. pylori, CagA proteins have EPIYA ABC, ABCC or
ABCCC repeat regions, while in East Asian-type H. pylori,
[8,24]
CagA proteins have EPIYA ABD repeats
.
The CagA protein consists of a C-terminal region
that contains the EPIYA motifs and an N-terminal
[8]
region . After adhesion of the bacterium to the
host cell, CagA is injected into the host cell via the
cag pathogenicity island (cagPAI)-encoded type IV
secretion system (T4SS), and electrostatic interactions
with phosphatidylserine keep CagA linked to the inner
[8,29]
leaflet of the cell membrane
. In the cytoplasm
of the host cell, CagA is phosphorylated at its EPIYA
[30]
motifs . CagA alters host cell signaling in both a
phosphorylation-dependent and a phosphorylation[8]
independent manner . The induction of heme
oxygenase 1 reduced CagA phosphorylation in gastric
epithelial cells in vitro, while in vivo H.pylori diminishes
[8,31]
heme oxygenase 1 gene expression
.

CagL

Carcinogenic and virulent H. pylori strains express
CagL, a highly conserved protein component of T4SS
that is involved in bacterial attachment to the host
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cell and also in the induction of host inflammatory
[29]
responses and carcinogenesis . CagL induces hyper
gastrinemia, which is a risk factor for the development
[8,30]
of gastric adenocarcinoma
. Contact between CagL
and α5β1 integrin induces IL-8 secretion from the host
[32]
cell .

VacA

VacA induces vacuolization and apoptosis (as a conse
quence of cytochrome c release from mitochondria)
of the host cell. It is also responsible for altered
membrane-channel formation and the induction of
[30,33,34]
autophagy and altered host immune responses
,
mainly through the inhibition of T cell activation and
[35]
proliferation . The vacA gene is functional in all H.
pylori strains and differences in its vacuolating activity
have been associated with its gene structure, which
varies in the signal (s1 and s2), middle (m1 and m2)
[36]
and intermediate (i1 and i2) regions . The risk of
developing different gastrointestinal pathology is
attributable to different combinations of s, m and i
region subtype.
The s1/m1 strains induce the highest level of
cytotoxicity, the s1/m2 strains induce the lowest, and
the s2/m2 strains have no cytotoxic activity (s2/m1
[37]
strains are rare) . The risk of developing either
gastric cancer or peptic ulcer disease is increased in
individuals infected with s1 or m1 H. pylori strains
compared with individuals infected with s2 or m2
[8,24]
strains
. In East Asia, most H. pylori strains are
s1 type, and in these patients, the presence of the
m1 region is related to an increased risk for gastric
[24]
cancer .
The intermediate region of vacA is localized
between the s and m regions. Type i1 is found in all
s1/m1 strains, while all s2/m2 strains are type i2.
Strains that are type s1/m2 can be either type i1 or i2.
[8]
Strains with the i1 region are more pathogenic . The
type of the i-region has a better predictive value than s
[38]
region type in some, but not all populations .
The deletion (d) region is localized between the
[39]
i and the m regions . The d region can be type d1
or d2. In patients infected with Western strains, the
presence of the d1 region is a risk factor for gastric
mucosal atrophy. In patients infected with the East
Asia type of Helicobacter, all strains are classified as
[24]
s1/i1/d1 .

OipA

[24]

OipA is a protein that was identified in 2000
and
is involved in H. pylori adhesion to the host cell,
induction of the host pro-inflammatory response and
the subsequent increase in mucosal interleukin-8 (IL8)
[40]
levels . Results from animal studies suggest a role
[8,26]
for OipA in gastric carcinogenesis
.
CagA, VacA and OipA synthesis is linked. Therefore,
almost all H. pylori strains produce either all or none of
these proteins. East Asian H. pylori strains are highly
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pathogenic and CagA, VacA and OipA-producing.
According to the available data, the presence of these
three genes is related to gastric cancer and peptic
[24]
ulcer disease pathogenesis .

DupA

Duodenal ulcer-promoting gene (dupA) plays a role in
T4SS formation and is localized in the plasticity zone.
[41]
Lu et al
proposed dupA as an H. pylori virulence
factor that is involved in duodenal ulcer pathogenesis
and that confers a protective effect against gastric
[8]
carcinogenesis , but other studies have failed to
demonstrate a relationship between this gene and
any distinct gastroduodenal pathology, and they have
[23,42,43]
therefore not supported this hypothesis
. These
results could be explained by polymorphism of the
[30]
dupA gene .

H. PYLORI, GASTRIC CANCER AND
GEOGRAPHY-ROLE OF BACTERIAL
STRAIN
Multilocus sequence typing of housekeeping genes
revealed that there are six distinct H. pylori strains
(hpEurope, hpEastAsia, hpAsia2, hpAfrica1, hpAfrica2
and hpNEAfrica). These strains are associated with
different geographic regions and with the incidence of
gastric cancer.
It is probable that housekeeping gene differences
are merely markers for virulence factors that affect
[8,23]
disease outcome
. Initially, four main clusters
[44]
were identified by Falush et al . HpEurope isolates
were found in Europe and in countries colonized by
Europeans, while the majority of isolates from East
Asia were the hpEastAsia strain. HpAfrica1 is widely
spread, while hpAfrica2 is found exclusively in South
Africa. Two clusters were later identified: hpAsia (South
and Southeast Asia) and hpNEAfrica (the predominant
[8,25]
isolate in Northeast Africa)
.
The geographical distribution of HpEastAsia isolates
is concordant with the high incidence of gastric cancer
in these areas. On the other hand, in low gastric
cancer incidence areas, such as Africa and South Asia,
most strains are hpNEAfrica, hpAfrica1, hpAfrica2
or hpAsia2. This is a plausible explanation for both
African and Asian enigma. The high incidence of H.
pylori infection is related to the high incidence of
gastric cancer in East Asia, while a low incidence of
gastric cancer is observed in populations with a high
prevalence of H. pylori infection in Africa (the African
[8,23]
enigma) and South Asia (the Asian enigma)
.

Changes in the infected mucosa

After infection with H. pylori, inflammation and mucosal
damage occur in the non-acid secreting gastric antrum.
Over time, mucosal damage progresses into the
gastric corpus. The atrophic border can be recognized
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endoscopically, and the damage progresses more
rapidly along the lesser curve than the greater curve,
[44,45]
as previously reported
. Chronic inflammation that
is related to H. pylori affects cell differentiation and
[46-48]
promotes metaplasia
. As the damage spreads
into the corpus, pyloric metaplasia is observed near
the atrophic border. Pyloric metaplasia exhibits similar
immunohistochemical characteristics to spasmolytic
polypeptide/trefoil factor family 2-expressing metaplasia
(SPEM), which has been described in animal models of
[49,50]
gastric carcinogenesis
and is probably an important
step in gastric cancer formation.

DEVELOPMENT OF GASTRIC CANCER
Gastric adenocarcinoma can originate from both
proximal (cardia) and distal (non-cardia) parts of
stomach. Proximal and distal gastric cancers have
[8]
different epidemiological and clinical characteristics .
Risk factors for proximal gastric cancer include
increased body weight, gastro-esophageal reflux
[8,51]
disease and Barrett’s esophagus
, while distal
gastric cancer risk is increased by the presence of H.
[9-11]
pylori infection
, family history of gastric cancer, low
socioeconomic status, smoking and a diet rich in salty
and smoked food with low consumption of fruits and
[52]
vegetables .
According to the Lauren classification, gastric
cancer is divided into intestinal and diffuse histological
subtypes. The presence of H. pylori infection and
corpus-predominant gastritis with intestinal meta
plasia leads to intestinal-type gastric cancer, whe
reas diffuse gastric cancer arises from non-atrophic
[9-11]
pangastritis
.
Long-lasting precancerous processes result in
intestinal-type gastric adenocarcinoma. In 1938,
pathologists proposed that the presence of gastric
[8]
intestinal metaplasia is related to gastric cancer .
This model, now known as the Correa cascade, was
[53]
reintroduced and proposed by Correa et al
in 1975.
The authors updated their model in 1988 and 1992. In
the Correa cascade, consecutive histological changes
in the gastric mucosa occur, leading to gastric cancer
through the following steps: normal gastric mucosa,
superficial (non-atrophic) gastritis, multifocal atrophic
gastritis, complete (small intestine type) intestinal
metaplasia followed by intestinal metaplasia of the
incomplete (colonic) type, low-grade dysplasia, high[9-11,53]
grade dysplasia and invasive adenocarcinoma
.
It is now believed that intestinal metaplasia arises
from SPEM and that SPEM may also provide the cells
[50,54]
of origin for gastric cancer
. Intestinal metaplasia
is considered by some authors as a surrogate marker
for the presence and extent of gastric mucosal
[55-57]
atrophy
. The concept of multifocal atrophic gastritis
represents areas of intestinal metaplasia in SPEM[58,59]
type atrophy damage
. Nevertheless, the critically
important point of no return, up to which gastric cancer
prevention is possible and histological changes are
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[8]

reversible, remains unidentified .

HOST FACTORS
Apart from the bacterial strain, the characteristics of
the host play a role in gastric carcinogenesis. Different
host gene polymorphisms have been described,
mainly as single nucleotide polymorphisms. These
polymorphisms influence host inflammatory immune
responses and affect host cell proliferation and
mucosal protection. They also exert an effect on the
[8]
metabolism of carcinogens and antioxidants .

STRATEGIES FOR GASTRIC CANCER
PREVENTION
There are two main therapeutic strategies that could
reduce the incidence of gastric cancer: eradication of
an ongoing infection or immunization prior to or during
the course of the infection (Figure 2). The success
of a gastric cancer prevention strategy depends on
its timing because prevention strategies should be
introduced before the point of no return in gastric
carcinogenesis. Although the exact point of no return
has not been identified, infection should be eradicated
before severe atrophy of the gastric mucosa develops.

ERADICATION OF H. PYLORI INFECTION
IN GASTRIC CANCER PREVENTIONCURRENT EVIDENCE
Effects of eradication therapy for H. pylori infection
on either invasive gastric cancer or premalignant
histological lesions of the gastric mucosa have been
[60-65]
reported in five randomized control trials (RCT)
.
Gastric cancer incidence was evaluated in a RCT
[60]
conducted by Wong et al
that lasted for 7.5 years.
Healthy individuals were randomized to receive either
eradication therapy or placebo in a region in China with
a high gastric cancer incidence. The study results did
not demonstrate a decrease in overall gastric cancer
incidence, but the results did suggest a protective
role for H. pylori eradication in subjects without
[8]
precancerous lesions .
[60,63]
The low number of gastric cancer cases
and
the study design (it did not aim to assess gastric
cancer incidence as a primary outcome) of other
[61,62]
previously published studies
has led to a lack of
scientific evidence for the possible effects of H. pylori
eradication on cancer occurrence. Evidence in favor of
a protective effect of H. pylori eradication on gastric
[64]
cancer formation came from a study by Ma et al .
They published the results of a RCT after 15 years
of follow-up with 2258 H. pylori seropositive adults.
In this study, participants were selected from the
general population and randomly assigned to one of
three intervention groups (H. pylori eradication, garlic

11658

November 7, 2015|Volume 21|Issue 41|

Sokic-Milutinovic A et al . H. pylori and gastric carcinogenesis

Strategies for gastric cancer prevention
Possible strategy for the future

Current strategy

Eradication of H. pylori infection

Immunization

Prior to or in the course of

According to Maastricht Ⅳ to be
offered to:

H. pylori infection
(1) Passive immunization
(2) Vaccine

(1) patients with previous gastric
neoplasia
st
(2) 1 degree relatives of patients with
gastric cancer
(3) patients with a risk of severe pangastritis, atrophy or corpus-predominant
gastritis
(4) patients who have received chronic
gastric acid inhibition for > 1 yr
(5) patients with strong environmental
risk factors for gastric cancer
(6) H. pylori -positive patients with a fear
of gastric cancer

Figure 2 Strategies for gastric cancer prevention. H. pylori: Helicobacter pylori.

supplements, or supplemental vitamins) or a control
group. This study demonstrated reduced gastric
cancer incidence in the group of patients treated with
eradication therapy for H. pylori.
The benefits of mass eradication in populations
with high incidence of H. pylori was assessed by Lee
[66]
et al . Individuals with positive H. pylori urea breath
test underwent endoscopic screening and received
eradication therapy. The success rate of the eradication
therapy was 78.7%, and it led to a decrease in gastric
atrophy incidence. However, no significant change in
intestinal metaplasia was observed. The incidence of
gastric cancer decreased by 25% during the study.
[67]
An important study from Uemura et al
assessed
the effect of H. pylori eradication on metachronous
gastric cancer development in patients who had a
previous endoscopic resection of an early gastric
carcinoma. H. pylori-positive patients who underwent
endoscopic resection were randomized to receive either
H. pylori-treatment or no treatment. After four years
of follow up, metachronous cancer was not diagnosed
in any of the H. pylori-treated patients compared to
9% in the group that received no treatment. These
findings were confirmed in a larger study by Fukase
[65]
et al , who demonstrated that eradication therapy
in patients with previous endoscopic resection of early
gastric cancer reduced the risk of metachronous gastric
carcinoma by 65%. Current Japanese guidelines reflect
an acceptance of the results of this study and suggest
H. pylori eradication therapy after endoscopic resection
[68]
of early gastric cancer .
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Recently published data are available from a
[69]
retrospective study performed in South Korea
that analyzed the relationship between the risk
of metachronous gastric cancer in patients who
underwent endoscopic resection of early gastric cancer
and H. pylori eradication therapy. This study confirmed
[65]
the results of Fukase et al
and demonstrated
that successful H. pylori eradication may reduce the
occurrence of metachronous gastric cancer.
[64-66,69]
Recent trial reports
have also provided
evidence of a protective effect of H. pylori eradication
in gastric cancer.

INDICATIONS FOR ERADICATION IN
GASTRIC CANCER PREVENTION
According to the Maastricht IV consensus, eradica
tion of H. pylori reduces the risk of gastric cancer
development. Patients should be treated during the
initial phase of the infection, before preneoplastic
changes in the gastric mucosa occur. Authors of the
Maastricht IV consensus identified individuals with an
increased risk for gastric cancer. They suggest that
to decrease gastric cancer risk, eradication therapy
should be offered to first-degree relatives of family
members with a diagnosis of gastric cancer, patients
with previous gastric neoplasia who have already been
treated by endoscopic or subtotal gastric resection,
patients with a risk of severe pan-gastritis, corpuspredominant gastritis or severe atrophy, patients who
have received chronic gastric acid inhibition for more
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than 1 year, patients with strong environmental risk
factors for gastric cancer (heavy smoking or high
exposure to dust, coal, quartz, cement and/or work in
quarries), and H. pylori-positive patients with a fear of
[70]
gastric cancer . Two other documents, the American
[71]
College of Gastroenterology guidelines
and the Asia
[72]
Pacific Consensus document , have also recommend
H. pylori eradication in patients with endoscopic
resection of early gastric cancer.
Population screening and eradication of H. pylori
was a matter of scientific debate until recently.
[70]
Currently, the Maastricht IV consensus encourages ,
while the Asia Pacific consensus strongly recommends,
population screening and treatment for H. pylori in
high-risk regions as a chemo-prophylactic measure for
[71]
gastric cancer . The rationale behind this is the cost
effectiveness of eradication therapy when compared to
the cost of treatment of advanced gastric cancer.

TIMELY ERADICATION IS ESSENTIAL
FOR GASTRIC CANCER PREVENTION
H. pylori eradication therapy should stop the pro
gression of mucosal damage and reduce gastric
[73]
cancer risk . Eradication of the infection stops
the inflammatory process and promotes healing of
gastritis and a resolution of inflammation. H. pylori
leads to gastric cancer through the Correa cascade;
therefore, when severe atrophic damage and intestinal
metaplasia occur, eradication cannot reverse mucosal
changes.
After eradication therapy, individuals with nonatrophic gastritis have a negligible risk of developing
gastric cancer, while individuals with atrophic gastritis
have an increased risk. This risk is overall lower in
eradicated patients when compared to untreated
patients with the same pattern of gastritis. In un
treated patients, the risk for gastric cancer increases
[73]
yearly as the atrophy progresses , as demonstrated
[74]
by Ohata et al
In a large, longitudinal cohort study
on 4655 healthy asymptomatic subjects followed
for 7.7 years, the authors aimed to determine the
association between H. pylori infection and the
progression of chronic atrophic gastritis (CAG) with
gastric cancer. The authors identified 45 gastric cancer
cases, none of which were H. pylori negative and
CAG negative, during the study period. Development
of CAG increased the risk of gastric cancer. Recently
[75]
published data
from the same group confirmed
that in subjects with a serologically diagnosed healthy
stomach (H. pylori-negative/pepsinogen within normal
range and therefore CAG-negative), the cancer
incidence rate was low (16/100000 person-years).
On the other hand, in the individuals with an H. pylori
infection, they observed progression of chronic gastritis
and increased gastric cancer risk. In patients with no
atrophy and active inflammation, gastric cancer risk
was estimated at 250/100000 person-years, which is
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comparable to the risk in subjects with CAG. Patients
with active inflammation were at risk of diffuse gastric
cancer. These results revealed that gastric cancer
develops in some patients as a result of the Correa
cascade, while in others it can result from a direct
carcinogenic pathway based on active inflammation.
Eradication therapy, up to some point, prevents
gastric cancer. Data on the possible reversion of
atrophic changes in the gastric mucosa is conflicting.
A longitudinal cohort study conducted by Yanaoka et
[76]
al with a mean follow up of 9.3 years demonstrated
a significant reduction in cancer incidence after
eradication in H. pylori positive patients with mild
atrophic gastritis. The incidence in patients with
persistent infection was 111/100000 person-years
compared to 69/100000 among patients in whom
the infection was eradiated. As expected, cancer
incidence rates did not vary significantly (237 vs 223)
among the patients with severe atrophy. The authors
concluded that cancer development after eradication
depends on the presence of extensive CAG before
eradication and that H. pylori eradication is beneficial
[77]
in subjects with mild CAG. A study by Sakakibara ,
who followed a small group of 8 patients who were
surgically treated for gastric cancer for 9 years,
suggested a prompt improvement in the atrophy
score (reversion of atrophic changes) in the remaining
gastric mucosa following eradication therapy. The
authors concluded that H. pylori eradication improved
possible precancerous lesions in the gastric remnant.
[78]
Watari et al , in a prospective study, followed 96
patients for 4 years who exhibited chronic gastritis with
or without intestinal metaplasia or gastric intestinal
metaplasia with dysplasia and failed to demonstrate
a change in intestinal metaplasia score. Nevertheless,
the authors reported a change in the intestinal
metaplasia phenotype: they followed the expression
of several biomarkers related to carcinogenesis
and demonstrated regression in TC22-4. TC22 is a
neoplastic marker that is expressed exclusively by
transformed epithelial cells. Based on this finding, they
suggested that the change of phenotype may be an
important factor in the reduction of cancer incidence
after eradication of H. pylori. H. pylori eradication prior
to development of intestinal metaplasia was beneficial
for patients with corpus gastritis. However, eradication
in high risk patients (i.e., patients with atrophy with
intestinal metaplasia, especially of the incomplete type
or with a history of endoscopic treatment for gastric
[79]
cancer) was not beneficial . Identification of the point
of no return for the development of malignancy is an
important, but still unanswered, scientific goal.

SUCCESS OF ERADICATION THERAPY
There are two main underlying causes of suboptimal
results of eradication therapy: H. pylori resistance and
patient noncompliance (Figure 3).
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Choice of antibiotics
(1) Clarithromycin (increasing
resistance)
(2) Amoxicillin
(3) Metronidazole
(4) Rifampin, tetracycline,
levofloxacin...

Overcoming bacterial
resistance to antibiotics

Rescue strategies

+

(1) Sequential therapy
(2) Concomitant therapy
(3) Bismuth-containing
quadruple therapy
(4) Dual concomitant therapy
(5) High-dose dual therapy
(6) Levofloxacin-based triple
therapy
(7) Rifabutin-based therapies
(8) Culture-based therapies
(9) CYP2C19 genotyping

Increase in patients
adherence to therapy

=

Adjuvant therapy
Increased Helicobacter pylori
eradication rates

(1) Probiotics
(2) Statins
(3) Pronase

Figure 3 Factors influencing Helicobacter pylori eradication rates.

CHOICE OF ANTIBIOTICS IN THE
LIGHT OF INCREASING BACTERIAL
RESISTANCE
In the first years after the discovery of H. pylori and
its role in the pathogenesis of major gastric diseases,
eradication therapy seemed to be a safe and efficient
strategy that would resolve and eradicate peptic ulcer
disease, MALT lymphoma and majority of gastric
cancer cases.
In 1993, an eradication protocol consisting of
two antibiotics (clarithromycin and amoxicillin or
metronidazole) and a proton pump inhibitor was
[80,81]
proposed
and confirmed as efficacious in large
[82,83]
studies
.
Eradication therapy is effective when the mucosal
concentration of the antibiotic is above the minimal
bactericidal concentration (MBC) at the site of the
infection for a sufficient time, which enables the
[84]
eradication of all present bacteria . Macrolides
(clarithromycin), beta-lactams (amoxicillin), tetracycline,
metronidazole, rifampin (rifabutin) and fluoroquinolones
(levofloxacin) were identified as antibiotics with the
best potential for eradication of the infection. For
these drugs, therapeutic doses result in a mucosal
concentration above the MBC.
Selected antibiotics need to be absorbed and
released in the gastric mucosa over long periods of
time. The in vitro efficacy of aminoglycosides and
bismuth salts is compromised in vivo by a poor rate of
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absorption. In addition, some drugs from the above
mentioned groups have displayed disappointing clinical
effects, i.e., doxycycline (tetracycline) and ciprofloxacin
(fluoroquinolone). There are also other factors that are
[85]
described in detail in a review by Megraud that should
be considered when assessing antibiotic efficacy. These
factors include the acidity of the stomach and bacterial
resistance. The majority of antibiotics are not active at
low pH and are only active in dividing bacteria, making
the use of proton pump inhibitor (PPI) mandatory.
Clarithromycin is the basis for H. pylori treatment
because it has MBC, good mucosal diffusion and is not
affected by gastric acidity. The addition of a second
antibiotic provides a high and permanent eradication
rate. The second antibiotic of choice is either amoxicillin
or metronidazole. Triple therapy was a standard
treatment until recent years, in which we are facing
increased H. pylori resistance to clarithromycin that
is attributable to the selection of bacteria with point
[86,87]
mutations that have occurred during replication
.
The global clarithromycin resistance rate in Europe
[88]
[89]
increased from 9% in 1998
to 17.6% in 2008 .
It has been suggested that clarithromycin resistance
is the major cause of eradication treatment failure.
Data on clarithromycin resistance was obtained in a
study that included 18 European countries. Primary
H. pylori antibiotic resistance rates were, for adults,
17.5% for clarithromycin, 14.1% for levofloxacin and
34.9% for metronidazole. Higher resistance rates
for clarithromycin and levofloxacin are observed in
Western/Central and Southern Europe (> 20%) than
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in Northern European countries (< 10%). There are
also data from individual countries showing a wide
range of resistance rates to clarithromycin. Resistance
[90,91]
rates range from 0% in India to 49.2% in Spain
.
There is also cross-resistance for all of the other
[85]
macrolides .
Resistance to rifampin, amoxicillin and tetracycline
[85]
is rare . Resistance to rifampin is observed in patients
previously treated for tuberculosis, while resistance
[92,93]
to tetracycline has been reported in some
, but
[94,95]
not all studies from Korea and Brazil
. Resistance
to metronidazole is not frequently observed and
depends on the other drugs used and the length of
[85]
treatment .
The first Maastricht conference proposed a triple
treatment including PPI-clarithromycin and amoxicillin
[96]
or metronidazole
that currently has an eradication
rate of 70% (the aimed-for eradication rate for any
[97]
protocol should be over 80%) . Possible explanations
for this decrease in efficacy of the standard triple
therapy include low compliance, high gastric acidity,
high bacterial load, the type of strain and an increase
in H. pylori resistance to clarithromycin. Maastricht IV
therefore suggests that PPI-clarithromycin-containing
triple therapy without prior susceptibility testing should
not be prescribed in regions with a clarithromycin
[70]
resistance rate of more than 15%-20% .

RESCUE STRATEGIES FOR OVERCOMING
BACTERIAL RESISTANCE
Because no new drug has been developed for this
indication, a number of studies have focused on the
use of different combinations of known antibiotics.
Possible scenarios proposed to overcome the
problem of low eradication rates include the admi
nistration of sequential or concomitant therapy.
Sequential therapy (ST) consists of a PPI and amoxicillin
administered for the first five days followed by a PPI and
2 other antibiotics for the following 5 d. This sequential
administration weakens the bacterial cell wall in the
initial phase and helps to increase eradication rates,
even in clarithromycin-resistant strains. Concomitant
therapy (CT) regimen consists of all of the medication
administered in ST, but given simultaneously. The
[97,98]
[99,100]
efficacy of both ST
and CT
therapies has
been supported in different studies. A recent metaanalysis provided data on the efficacy of concomitant
[101]
vs sequential therapies . The analysis was based on
7 RCTs that included 2412 individuals. The sequential
regimen was successful in 83.8% of patients, while
concomitant therapy eradicated the infection in 86.1%
of patients. The adverse events and adherence to
medications were not different between the two
regimens.
The idea of a bismuth-containing quadruple
therapy was revisited and improved through the single
pill concept. Namely, a formulation containing bismuth
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salts, tetracycline and metronidazole in the same pill
[102-104]
was developed
.
[105]
Hsu et al
proposed hybrid (dual concomitant)
therapy consisting of dual therapy (PPI and amoxicillin
for 7 d) followed by a concomitant quadruple therapy
(PPI, amoxicillin, clarithromycin and metronidazole for
another 7 d). The eradication rate for this treatment
was over 97%.
High-dose dual therapy consists of administration
of PPI and amoxicillin three times a day for 2 wk and
was initially designed for areas with high resistance
to clarithromycin. It provides eradication in 78.4% of
[106,107]
patients
and does so with fewer side effects and
better compliance. The authors therefore suggested
[108]
that larger studies are needed .
Levofloxacin-based triple therapy consists of
PPI, levofloxacin, and amoxicillin for 10 d, and the
eradication rate of levofloxacin-based triple therapy
[109-111]
ranges from 74% to 96%
. This regimen is not
recommended as the first line treatment because
augmented use of quinolones for respiratory and
urogenital infections increased H. pylori resistance
[109]
to these drugs . The resistance to levofloxacin is a
consequence of a point mutation in a special region,
the so-called quinolone resistance determining region.
[91]
There is also cross-resistance in all fluoroquinolones .
Levofloxacin-based therapy is considered to be an
efficient alternative regimen in populations with
15%-20% clarithromycin resistance and quinolone
resistance less than 10% and is a second line
[70]
treatment, according to the Maastricht IV consensus .
Selection of quinolone therapy should be based on the
results of antibiotics susceptibility tests or geographic
resistance patterns due to the rapid increase in the
[91]
number of resistant strains .
Rifabutin-based therapies were introduced as
rescue therapies based on the results of in vitro
[112]
studies
. A triple regimen includes amoxicillin, PPI
and rifabutin, but the optimal duration of treatment
[113-115]
is not defined and ranges from 7 to 14 d
.
Myelotoxicity is a rare but significant complication
[113]
that limits its widespread use
. The potential for
mycobacterial resistance also limits the use of this
regimen, leaving it as valid option only as a rescue
treatment.
Culture-based therapies are recommended after
the failure of second-line treatments. An antimicrobial
[69]
susceptibility test is recommended , and treatments
adjusted to the results achieve more than 90%
[116]
eradication rate after second-line therapy failure
.
The test is invasive, expensive and has low sensitivity
[117]
(less than 60%)
. Mixed infections with susceptible
and resistant H. pylori strains also limit the efficacy of
[118]
this therapeutic approach .
The relevance of CYP2C19 genotyping as a rescue
strategy for improvement of eradication rates is based
on the fact that the CYP2C19 polymorphism affects
the H. pylori eradication rate, especially by omeprazole
[119]
treatment
. This strategy is probably plausible in
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studies are needed in this field.

Table 1 Adherence to eradication therapy protocols in
different countries
Ref.

Country

Adherence to treatment

Wu et al[130]

Taiwan

Greenberg
et al[131]

Latin America
(Chile, Colombia,
Costa Rica, Honduras,
Nicaragua, and Mexico )
Spain

98.2% concomitant therapy
95.7% sequential therapy
92.2% overall
93.8% concomitant therapy
93% sequential therapy
89.9% standard therapy
83% concomitant therapy
82% sequential therapy
96.2% concomitant therapy
95.3% sequential therapy
94% concomitant therapy
95.3% sequential therapy
100% concomitant therapy
98% sequential therapy
99% standard therapy

McNicholl
et al[132]
Lim et al[133]

South Korea

Huang et al[134]

Taiwan

Hsu et al[135]

Taiwan

PRONASE
Pronase is proteolytic enzyme that causes the de
gradation of gastric mucus, and its addition to
standard eradication therapy was investigated in 1995
[126,127]
and 2002
. A single RCT by Gotoh used pronase
with an eradication therapy (lansoprazole once daily,
500 mg of amoxicillin, 250 mg of metronidazole and
18000 tyrosine units of pronase thrice daily for 2 wk)
and demonstrated an increased eradication rate in the
group treated with pronase (ITT: 94% vs 76.5%, P
[126]
= 0.0041) . More validation is needed because the
therapeutic regimens used in these studies are not
currently standard eradication therapy protocols.

Asia, where poor metabolizers account for more than
[72,120]
15% of all patients
.

ADJUVANT THERAPY
Adjuvant therapy in H. pylori eradication is likely
to be of interest to researchers aiming to increase
eradication rates, but the majority of data dwells on
the role of probiotics. There is, however, some data
suggesting a role for statins and pronase.

PROBIOTICS
Probiotics are considered safe. Thus, they are propo
sed as an adjuvant therapy to increase eradication
rates and to decrease the side effects of therapeutic
regimens, especially antibiotic-associated diarrhea. A
[121]
meta-analysis published by Zhang et al
analyzed
data from 45 RCTs and revealed that the addition of
probiotics to a standard therapy was associated with
an increased eradication rate (82.31% in probiotic
group vs 72.08% in control group) and a lower
incidence of adverse events. The mechanism of this
action is probably related to the ability of probiotics
to induce anti-inflammatory and anti-oxidative me
chanisms that regulate the intestinal microbiota.
Today, urease is considered a single possible target
[122,123]
for probiotic action
. According to Ruggiero, it
is more likely that probiotics exert indirect and nonspecific, rather than direct and specific, anti-H. pylori
[124]
activity .

STATINS
HMG-CoA reductase inhibitors have many pleiotropic
[125]
effects. Therefore, Nseir et al
tested, in a small RCT,
the hypothesis that the addition of simvastatin could
improve eradication rates. According to this study, a
better eradication rate (91% vs 72%) was observed
in the group whose treatment included statin. Further
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ADHERENCE TO TREATMENT
Patient adherence to treatment regimens is important
for the successful eradication of H. pylori. According
to the available data, successful eradication was
observed in 96% of patients who took more than
[128]
60% of the prescribed medication
. Adherence
to sequential therapy varies from 81%-98%, while
adherence to concomitant therapy has been reported
[129-135]
as 78.7%-100% in different studies
. The lowest
[131]
adherence is observed in Spain , and the highest is
[135]
observed in Taiwan , as seen in table 1.

PASSIVE IMMUNIZATION
Passive immunization is effective in the prevention
[136-138]
and treatment of various infectious diseases
,
making it a plausible strategy for the treatment
of H. pylori as well. Data from animal studies has
supported this concept, together with a previously
[139-141]
reported protective effect from breastfeeding
.
It is probable that specific antibodies inhibit the ad
herence of H. pylori. Clinical studies have reported
conflicting data. Some studies have suggested that
treatment with bovine antibodies could eradicate or
[142,143]
decrease H. pylori colonization density
, while
[144,145]
others have failed to demonstrate this effect
.
The first RCT to evaluate the efficacy and safety of
specific anti-H. pylori polyclonal bovine IgA antibodies
to reduce the intragastric bacterial load and gastritis
[146]
activity in humans was performed by den Hoed
;
the authors concluded that the antibody-based oral
immunotherapy appears to be safe but ineffective
because it did not significantly reduce H. pylori colo
nization density.

VACCINE
Active immunization against H. pylori infection
would reduce the cost and potential complications of
eradication therapy and is expected to lower gastric
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cancer incidence. The development of a vaccine
against H. pylori is complicated by the fact that the
bacterium is noninvasive and remains strictly luminal
without crossing the epithelium. An effective vaccine
therefore must induce the appropriate Th memory
cells that can be recruited to the mucosal surfaces.
An effective vaccine against H. pylori should consist
of appropriate bacterial antigens, an effective and
safe adjuvant, and the route of delivery should be
adequate. Different protocols have been tested using
different antigens, adjuvants and application routes.

ANIMAL MODELS
In studies on animal models using classical immu
nization protocols, H. pylori lysates or H. pylori proteins
were used, and plausible candidate antigens were
identified (i.e., urease, catalase, VacA, CagA, NapA,
HpaA, AlpA and BabA). Better protection resulted
[147,148]
from combinations of antigens
. Recently, new
bacterial antigens have been proposed as candidates for
vaccine development, including 20 kD outer membrane
[149]
lipoprotein Lpp20
, AhpC (alkyl hydroperoxide
[150]
reductase)
and antioxidant proteins (e.g., superoxide
[151]
dismutase and catalase) .
Some studies that have used attenuated Salmo
nella strains, which express H. pylori ureA and ureB
antigens, as delivery systems have demonstrated
significant protection, both with intranasal and oral
[152,153]
administration
. Recently designed Salmonella
[154]
vector approaches use outer inflammatory protein A
for oral therapeutic immunization in addition to CagA,
[155]
VacA and UreB in the vector . This OipA-Salmonella
based approach seems to be effective at both inducing
OipA-specific antibodies and reducing H. pylori col
onization. Overall, the Salmonella-based approach
seems to be successful in animal models.
A polio virus-based vaccination using urease B had
[156]
both prophylactic and therapeutic efficacy .
A multi-epitope approach is the basis of several
new vaccine candidates and is described in detail in
[157]
several studies. Li et al
used B and T cell epitopes
that were generated by software prediction aimed at
inducing both humoral and cellular immune response.
Epivac uses proteins consisting of predicted T cell
[158]
epitopes from HpaA-, UreB- and CagA
-inducing
serum but unfortunately no mucosal immunity. The
induction of mucosal immunity could be an effective
H. pylori vaccination protocol. Promising results were
obtained in a study using chimeric flagellin consisting
of the hypervariable domain of H. pylori FlaA and the
C- and N-terminal segments of Escherichia coli (E. coli)
[159]
flagellin that was designed by Mori
. The chimeric
flagellin was designed to maintain H. pylori specificity
and gain TLR5 activity.
The vaccine in animal models was administered
using different routes such as intranasal, oral, intra
muscular, subcutaneous, rectal and intraperitoneal.
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Different adjuvants have been tested in animal models,
i.e., cholera toxin (CT) or heat-labile enterotoxin (LT),
but the clinical use of these strong mucosal adjuvants
is limited in humans because of their toxicity. A possible
solution to this problem is to detoxify the adjuvant while
[160]
maintaining its stimulatory effect
. However, these
adjuvants have not been used in human clinical trials
[161]
against H. pylori .

STUDIES IN HUMANS
In humans, majority of clinical studies have used
recombinant urease as an antigen. In humans,
clinical trials have tested the ability of experimental
vaccines to eradicate existing H. pylori infection or to
prevent the colonization of the gastric mucosa after
introduction of the bacterium in an experimental
[162]
challenge .
In H. pylori-infected asymptomatic individuals,
oral immunization was well tolerated but did not
[163]
lead to a specific immune response
, while adding
[164]
LT induced an immune response
and reduced
[165]
H. pylori colonization
. Diarrhea occurred as a
consequence of LT toxicity, but limiting the amount
of LT was not effective, in that it resolved the side
effects of LT but also reduced the immune response.
Rectal administration of urease and LT induced a weak
[166]
immune response .
Urease-expressing Salmonella-based delivery
vectors did not prove to be effective in humans, which
[167,168]
is in opposition to findings in animal models
,
because immune reactions were undetectable. Initial
data on the use of the urease-expressing Salmonella
vaccine strain Ty21a was disappointing because
the immunologic response in H. pylori-negative
volunteers was weak. T cell memory was observed in
very few subjects, and no urease-specific antibodies
[168]
were detected
. However, further investigation
revealed that administration of multiple doses of a
Salmonella-Ty21a based recombinant vaccine or the
use of another recombinant strain that expressed
the HP0231 H. pylori antigen resulted in the develop
ment of an immune response specific to H. pylori
[169]
infection
and a decrease in the number of bacteria
in gastric biopsies, both in vaccinated subjects and
in the control group. Attenuated vaccines are well
tolerated and might be the correct direction for further
research.
There is evidence that efficacy can be improved via
[170]
multivalent subunit vaccines . A multivalent subunit
[171]
vaccine consisting of CagA, VacA and NapA
was
administered intramuscularly to H. pylori-negative
volunteers, in whom it induced both humoral and cellular
immune responses without side effects. Unfortunately,
protection from H. pylori in a clinical setting did not differ
[172]
between the placebo and the vaccine groups .
Recently, CagL protein was proposed as promising
[173]
candidate for use in a subunit vaccine .
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MUCOSAL ADJUVANT
The use of strong mucosal adjuvants that have been
tested in animal models is limited in humans because
of their toxicity (i.e., CT and LT).
In the field of mucosal adjuvants, important results
[174]
have been published in recent years. Nedrud et al
demonstrated that the intranasal administration of
a mucosal adjuvant, CTA1-DD (a derivative of the
cholera toxin), is safe, effective and protected against
a live H. pylori challenge in mice. The use of heat
shock proteins (Hsp) as the mucosal adjuvant in a H.
[175]
pylori vaccine has also been reported . This vaccine
was administered via respiratory route and induced
systemic and mucosal antibodies; protective immunity
was generated with a milder post-immunization
inflammation. Nevertheless, sterilizing immunity was
[175]
not achieved . Promising results were obtained when
a nontoxic double mutant of an E. coli toxin (R192G/
[176]
L211A) (dm2T) was used as the mucosal adjuvant .
[177]
Altman et al
suggested that carbohydrate-based
vaccines against H. pylori should use dextran-based
[178]
conjugates, and Zhang et al
suggested recombinant
Lactococcus lactis as a vector because the bacterium is
already used in dairy products.

ROUTE OF ADMINISTRATION
[179]

A report from Shirai et al
indicated that salivary
antibody formation is a critical factor for successful
vaccination against H. pylori. This was supported by
[180]
the findings of Ng et al
, who confirmed increased
levels of salivary IgA without an increase in mucin
production or cytokine level. Intranasal application in
[174]
animal models seems to be promising and effective .
A multivalent subunit vaccine consisting of CagA, VacA
[172]
and NapA
was administered intramuscularly. The
[176]
sublingual
route appears to be promising, while
an oral route of administration has repeatedly been
tested with variable effects that depend on the antigen
[163-165,169,178]
and the adjuvant or vector used
. Rectal
administration was tested once and the results were
[166]
somewhat disappointing .

OVERCOMING IMMUNITY ISSUES
To develop an effective vaccine for H. pylori, a better
understanding of protective immune responses from
data on animal models and a better understanding
of host responses is needed. The identification of the
underlying mechanisms that prevent a host from
clearing the infection could help in the development of
an effective vaccine.
The T helper cell response is an important part
of the protective immune response because data on
animal models suggest that mice lacking antibody
molecules, including mucosal immunoglobulin IgA, are
[181-183]
well-protected by vaccinations
, while mice with
[182,184]
deficient cellular immunity are not protected
.

WJG|www.wjgnet.com

These data suggest that the T helper cell response
is crucial for the induction of protective immunity,
even in the absence of other forms of adaptive
[161]
immunity
. This is based on the fact that Th1 or
Th17 cell-induced increases in inflammation lead to
the development of protective immunity. Therefore,
a successful vaccine should induce a strong Th1 or
Th17 response. According to Zawahir, possible multiple
effector mechanisms that can eradicate H. pylori are
not adequately defined. Therefore, vaccine efficacy
could be improved through the enhancement of Th1 or
[161]
Th17 responses to H. pylori . It seems that the host
immune response is age dependent, because a weaker
[185]
Th1 response is observed in children .
+
In isolated cells, the removal of CD25 T cells before
[186]
H. pylori stimulation increases the IFNγ response
.
The results obtained in an animal model revealed that
T regulatory cells suppress the active host immune
[186-190]
response to H. pylori infection
. Because the
majority of infected individuals do not have an H. pyloriassociated disease, the host might not recognize the
bacterium as dangerous and may suppress the immune
response. Another possible target for improvement
of vaccine efficacy is therefore overcoming the host
predisposition to reducing immune responses to
bacteria. A vaccine should increase the host cellular
immune response, as supported by findings in animal
[191]
models where bacterial load was reduced using IL-17
[192]
and IL-12 .
[193,194]
Recent publications by Muhsen et al
de
monstrated higher seroconversion rates to a typhoid
vaccine in H. pylori-infected subjects, and the authors
also demonstrated that gastric H. pylori-associated
inflammation promoted seroconversion. Based on
these findings, the concept that active H. pylori
infection could be beneficial for the efficacy of other
vaccines becomes attractive, and further research is
needed in this area.

CONCLUSION
Timely eradication of H. pylori infection is, at pre
sent, the single available evidence-based strategy
for reducing H. pylori-related gastric cancer risk,
incidence, and subsequent morbidity and mortality.
It is mandatory to eradicate the infection before
irreversible mucosal damage occurs. Eradication
should precede the development of severe atrophic
changes.
Future possible strategies include the development
of an effective vaccine. It is rather disappointing that
although some of the experimentally tested vaccines
have shown promising results, there is limited funding
and financial support from the pharmaceutical industry.
At the moment, another possible strategy is the
development of new antimicrobial agents that would
be effective for eradication therapy, but these are longlasting and time-consuming studies. Therefore, at
present, it is advisable to insist on patient compliance
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during eradication therapy because this is the area
where improvement is possible.
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Abstract
The mortality rate of gastric cancer worldwide is as high
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as 70%, despite the development of novel therapeutic
strategies. One reason for the high mortality is the
rapid and uninhibited spread of the disease, such
that the majority of patients are diagnosed at a stage
when efficient therapeutic treatment is not available.
Therefore, in-depth research is needed to investigate
the mechanism of gastric cancer metastasis and in
vasion to improve outcomes and provide biomarkers
for early diagnosis. The mitogen-activated protein
kinase (MAPK) signaling pathway is widely expressed
in multicellular organisms, with critical roles in multiple
biological processes, such as cell proliferation, death,
differentiation, migration, and invasion. The MAPK
pathway typically responds to extracellular stimulation.
However, the MAPK pathway is often involved in
the occurrence and progression of cancer when ab
normally regulated. Many studies have researched
the relationship between the MAPK signaling pathway
and cancer metastasis and invasion, but little is known
about the important roles that the MAPK signaling
pathway plays in gastric cancer. Based on an analysis
of published data, this review aims to summarize
the important role that the MAP kinases play in the
invasion and metastasis of gastric cancer and attempts
to provide potential directions for further research and
clinical treatment.

Core tip: The mortality rate of gastric cancer is as high
as 70% worldwide due to the rapid and uninhibited
metastasis and invasiveness of the disease. Although
the relationship between the mitogen-activated pro
tein kinase (MAPK) signaling pathway and cancer
metastasis and invasion has been widely researched,
few studies have focused on gastric cancer. Here we

11673

November 7, 2015|Volume 21|Issue 41|

Yang M et al . Relevance of MAPK in gastric cancer

review the function of the three central kinases of
the MAPK signaling pathway, ERK, JNK and p38, in
the metastasis and invasion of gastric cancer, and we
attempt to provide support for further in-depth study
and clinical application.
Yang M, Huang CZ. Mitogen-activated protein kinase signaling
pathway and invasion and metastasis of gastric cancer. World J
Gastroenterol 2015; 21(41): 11673-11679 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i41/11673.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i41.11673

ERK1/2 AND GASTRIC CANCER
INVASION AND METASTASIS
Introduction to ERK and the ERK/MAPK pathway

INTRODUCTION
The mitogen-activated protein kinase (MAPK) is a
type of serine/threonine protein kinase that is able
to respond to multiple extracellular stimuli. Growth
factors, insulin, environmental factors, and cytokines
may all activate the MAPK kinases and lead to a broad
intracellular response through the MAPK signaling
pathway. The MAPK signaling pathway is one of the
earliest signaling pathways to emerge during evolution
and has been evolutionarily conserved. The pathway
comprises the MAPK cascade protein kinases. Each
typical single MAPK cascade pathway includes at least
[1]
three core kinases, MAP3K, MAPKK, and MAPK . The
MAPK pathway exists in almost all eukaryotes and
is involved in many cellular activities, including the
regulation of gene expression, mitosis, metabolism,
[2]
cell proliferation, apoptosis and cellular movements .
In view of the critical role of the MAPK pathway in
cellular activities, the dysregulation of MAPKs often
directly or indirectly leads to disease.
Local invasion and metastasis cause the majority
of cancer deaths, and the distant metastasis of cancer
[3]
accounts for the death of over 90% of patients .
Gastric cancer spreads easily to the adjacent organs
and tissues, including the liver, pancreas, colon,
[4]
lungs and bone, via the lymphatic system . In fact,
although much clinical effort is made, gastric cancer
still has a mortality rate as high as 70%, because most
gastric cancer patients are in the metastasis stage at
[5]
the time of diagnosis .
Detachment of cancer cells from the primary tumor
is the first step in tumor invasion and metastasis;
subsequently, detached tumor cells are transported
into and invade the blood and lymphatic vessels; and
finally, cancer cells escape from the lumina of these
vessels, settle in the target organs, and grow into
[6-8]
macroscopic tumors .
The molecular process of tumor invasion and
metastasis involves several essential events, such
as the degradation of the extracellular matrix and
the adhesion of cancer cells to the target with the
help of focal adhesion kinase (FAK) and matrix
[9,10]
metalloproteinases (MMPs)
. Mitogen-activated
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protein kinases are involved in cell migration and
invasion events partially by regulating the expression
[11-13]
and activation of MMPs and FAK
. Moreover, the
MAPK pathway participates in invasion and metastasis
through other types of signaling pathways. The aim of
this article is to provide an introduction to the role that
the MAPK pathway plays in gastric cancer metastasis
and invasion based on the published data and provide
recommendations for future research.

ERK is one of the first mammalian MAPK genes to
be identified and cloned. The cDNAs of ERK1 and
ERK2 were both cloned as early as the 1990s, and
[14,15]
they share up to 83% of identical amino acids
.
Moreover, there are other isoforms of ERK, including
[16]
ERK3, ERK4, ERK5, and ERK7/8 . In this section, we
will mainly discuss the most important members that
play critical roles in cancer invasion and metastasis,
ERK1/2.
The integral ERK/MAPK pathway can be roughly
divided into three levels, which are summarized in
Figure 1. Raf isoforms are the most well-studied
kinases, constituting the highest level of the ERK/
MAPK pathway, and are also known as MAPKKKs.
Extracellular growth factors, insulin and G-proteins
may activate the MAPKKKs by directly binding to
the N-terminus of the Raf protein and transforming
its structure through phosphorylation. Then, the
activating signal is passed to the MAPKKs through the
phosphorylation of two serine residues on the MEK1 or
MEK2 protein. The signal is finally transmitted to ERK
by MEK1/2 through the phosphorylation of tyrosine
[17]
and threonine residues . When the entire signaling
pathway is completely activated in order, hundreds of
ERK/MAPK pathway substrates are phosphorylated,
and these events affect ERK-dependent cellular ac
tivities, including cell proliferation, differentiation,
neuronal flexibility, cell viability, cellular stress response
[2]
and apoptosis .

ERK functions in gastric cancer

The dysregulation of ERK/MAPK occurs in various
human diseases, including neurodegenerative diseases,
developmental disorders, metabolic diseases, and
[18-22]
cancer
. In the last decade, scientists increasingly
focused on the relationship between the ERK/MAPK
pathway and tumor genesis and progression, because
it was found that mutation or abnormal activation of
the ERK/MAPK pathway exists in over half of human
[23]
cancer types . As an upstream binding kinase of the
ERK/MAPK pathway, Ras was reported to mutate to an
oncogenic form in more than 15% of human cancers.
Additionally, B-RAF mutated in 66% of malignant
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Figure 1 The integral extracellular signal-regulated kinase/mitogen-activated protein kinase pathway. ERK: Extracellular signal-regulated kinase; MAPK:
Mitogen-activated protein kinase.

melanomas. Point mutations of the Ras and B-RAF
genes cause dysregulation of the ERK/MAPK pathway
and abnormal cellular motility, which primarily lead to
[24]
the migration and invasion of cancer cells .
Many studies have elucidated that the ERK/MAPK
pathway plays an active role in the invasion and
metastasis progression of some malignant tumors.
The pathologic process of tumor invasion and meta
stasis requires cell motility. The alteration of cellular
adhesiveness directly affects cell movement. The
epidermal growth factor receptor (EGFR)-induced
disassembly of focal adhesions is regulated by acti
[25]
vating the ERK/MAPK pathways . Another study of
epithelial cells demonstrated that ERK in vitro was
closely correlated with metastasis both in the TGF-beta
[26]
and the RAS/MAPK pathways . Metastasis induced by
dysregulation of ERK was also demonstrated in animal
models. All of the three domain mutations V12S35,
V12G37, and V12C40 of Ras are able to induce tumor
genesis, but only the V12S35 mutation, which affects
the activation of the ERK/MAPK pathway, rather than
the other two domain mutations of Ras, induced tumor
[27]
metastasis in mouse models . This study showed
that Ras could induce tumor genesis independently
of the ERK/MAPK pathway; however, the ERK/MAPK
pathway is indispensable in Ras domain mutationinduced tumor metastasis.
Recently, an increasing number of studies have
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revealed that the ERK/MAPK pathway is involved in
regulating cellular mobility in gastric malignant tumors
and gastric cancer cell lines. ERK may mediate the
activity of MMPs, which in turn influences gastric
[28-30]
cancer cell migration and invasion
; conversely,
many factors upstream of the ERK/MAPK pathways,
such as interleukin-22 (IL-22), RASAL1, phophatase
of regenerating liver 3 (PRL3), NAIF1, CCDC134, and
ZIC1, may influence invasion and migration in gastric
[30-35]
cancer cell lines through the ERK/MAPK pathway
.
Currently, most studies focus on the role of the ERK/
MAPK pathway in gastric cancer cell lines. Evidence
in tissues and animal models is sparse, and further
research is needed.

STRESS ACTIVATED MAPK
P38

Introduction of p38: p38 alpha, beta, gamma and
delta are the four well-known members of the p38
MAPK family, of which p38 alpha and p38 beta are
expressed ubiquitously, whereas the p38 gamma and
[16]
p38 delta have more restricted expression patterns .
The mammalian p38 MAPK pathway is affected by
various environmental stressors, including oxidative
stress, UV, hypoxia, ischemia, as well as inflammatory
[36]
cytokines and transforming growth factor-α (TGF-α) .
MEKK1-3 (MEK kinase 1-3), MLK2/3 (mixed lineage
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kinase 3), ASK1 (apoptosis signal regulating kinase
1), Tpl2 (tumor progression loci 2), TAK1 and TAO1/2
(thousand and-one amino acid) are all MAPKKKs in the
[37]
P38 MAPK pathway . These MAPKKKs activate p38
by phosphorylating it at the Thr-Gly-Tyr motif through
selective activation of MKK3/6. MKK6 phosphorylates
all four members of the p38/MAPK family, whereas
MKK3 phosphorylates p38 alpha, p38 gamma, and
[37]
p38 delta but not p38 beta . p38 is found in both
the nucleus and the cytoplasm and translocates into
the nucleus in response to certain types of stress.
The P38 kinase affects certain types of downstream
substrates after being activated, including cPLA2,
MNK1/2, MK2/3, HuR, Bax, and Tau in the cytoplasm
and ATF1/2/6, MEF2, Elk-1, GADD153, Ets1, P53 and
[37]
MSK1/2 in the nucleus .

P38 and gastric cancer invasion and metastasis

The p38 pathway has been implicated in a range of
complex biological processes, such as cell proliferation,
differentiation, migration, and apoptosis. Dysregulation
of P38 in patients with solid tumors, such as prostate
cancer, breast cancer, bladder cancer, liver cancer
and lung cancer, is associated with advanced stages
[38]
and low survival rates . The p38 signaling pathway
exhibits some anti-tumor effects in xenograft experi
[39,40]
ments
. In hepatocellular carcinoma, the activity of
P38 is down-regulated in the cancer tissue compared
with the adjacent normal tissue, and the tumor
[41]
volumes are related to the p38 activity . As a result,
tumor cells must modulate p38 activity to achieve
metastasis and invasion.
The epithelial-mesenchymal transition (EMT)
process plays an important role during the initiation of
metastasis. P38 signaling is involved in the regulation
of EMT in several ways. For example, p38 participates
in regulating the EMT activity in mammary epithelial
cells and in primary ovarian tumors by separately
regulating the phosphorylation of Twist1 and the
[42,43]
expression of Snail
. P38 is also involved in ROStriggered EMT, and this process may be reversed by
[44,45]
the introduction of the p38 inhibitor SB203580
.
The MMP protein family plays a critical role in
remodeling the extracellular matrix during metastasis.
There are many studies of the relationship between
p38 and the expression of MMP family members
in liver, prostate, breast and skin cancer cell lines.
Following inhibition of p38 in these cell lines, cellular
[46-48]
invasion decreases
. Many small molecules can
regulate the metastasis and invasion of gastric cancer
through regulation of the p38 signaling pathway. For
example, S100A8 and S100A9, the low-molecularweight members of the S100 family of calcium-binding
proteins, induced gastric cancer cell migration and
invasion involving p38 and NF-κB, whereas they did
not affect cell proliferation and cell viability, which leads
[49]
to an increase in MMP2 and MMP12 expression . In
addition, the widely used anti-tumor drug baicalein
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also inhibits gastric cancer cell invasion and metastasis
by reducing cell motility and migration via suppression
[50]
of the p38 signaling pathway .

C-JUN N-TERMINAL KINASE
Introduction to c-Jun N-terminal kinase

The c-Jun N-terminal kinase (JNK), also known as
stress-activated protein kinase (SAPK), was first
identified and named as c-Jun transcription factor. The
three isoforms of JNK, JNK1/2/3, were cloned in the
mid-1990s. These three isoforms are encoded by three
different genes, sharing more than 85% homology;
these isoforms result from more than 10 splices and
have molecular weights varying from 46 kD to 55
[51,52]
kD
. JNK1/2 is widely expressed in mammary
tissues, whereas JNK3 is expressed mainly in nervous
[53]
tissues, testis, and cardiac muscle . All members of
the JNK family are activated by various stimulating
factors, such as heat shock, oxidative stress, DNA
[54]
damage, UV, cellular factors, and serum . The
MAPKKKs in the MAPK/JNK signaling pathway include
MEKK1-4, MLK1-3, Tpl-2, DLK, TAO1/2, TAK1, and
ASK1/2. These MAPKKKs activate the MAPKKs,
such as MKK4 and MKK7, through phosphorylation.
Subsequently, activated MKK4/7 will activate JNK by
[16]
phosphorylating its threonine and lysine residues .

JNK and gastric cancer metastasis and invasion

JNK serves as an important kinase that regulates
cellular activity; current research suggests that
JNK plays opposite roles in cancer initiation and
[55]
development . Experiments demonstrated that a
mouse model with a JNK2 deficiency shows a lower
[56]
incidence of tumor initiation ; however, a mouse
model with a JNK1 deficiency may generate tumors
[57]
more frequently compared with control mice .
Therefore, small molecular inhibitors of JNK could not
be easily used in cancer therapy.
Additionally, JNK is also involved in gastric cancer
metastasis and invasion. Recombination in Erdr1
suppresses the ability of the gastric cancer cell line
SNU-216 to metastasize by up-regulating E-cadherin
through JNK pathway activation, and this event is
reversed by treating the cells with the JNK inhibitor
[58]
SP600125 . JNK is also involved in TGF-beta1induced invasion and metastasis of gastric cancer cells.
As an important mediator of the tumor response to
TGF-beta, fascin1 functions through the TGF-beta1JNK/MAPK pathway to regulate gastric cancer invasion
[59]
and metastasis .

CONCLUSION
The in-depth mechanisms and molecular signaling
pathways in gastric cancer invasion and metastasis
are complex. As the vital signaling pathway in regu
lating cellular vitality, the MAPK pathway plays im
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portant roles in cancer invasion and metastasis.
Over the past decades, studies increasingly revealed
that the MAPK pathway is involved in regulating
gastric cancer invasion and metastasis; however,
systematic research, especially in animal models, is
still needed. Further studies in this field could provide
a better understanding of gastric cancer invasion
and metastasis, as well as uncover novel targets and
effective clinical treatments.
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Recent studies have showed that RNAs regulate each
other with microRNA (miRNA) response elements
(MREs) and this mechanism is known as “competing
endogenous RNA (ceRNA)” hypothesis. Long noncoding RNAs (lncRNAs) are supposed to play important
roles in cancer. Compelling evidence suggests that
lncRNAs can interact with miRNAs and regulate the
expression of miRNAs as ceRNAs. Several lncRNAs
such as H19, HOTAIR and MEG3 have been found
to be associated with miRNAs in gastric cancer (GC),
generating regulatory crosstalk across the transcrip
tome. These MRE sharing elements implicated in the
ceRNA networks (ceRNETs) are able to regulate mRNA
expression. The ceRNA regulatory networks including
mRNAs, miRNAs, lncRNAs and circular RNAs may play
critical roles in tumorigenesis, and the perturbations of
ceRNETs may contribute to the pathogenesis of GC.
Key words: Competing endogenous RNA; Competitive
endogenous RNAs networks; Gastric cancer; MicroRNA
response elements; Perturbation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Competitive endogenous RNAs (ceRNAs)
share microRNA (miRNA) response elements and
compete common miRNAs, thereby regulating each
other’s expression. The ceRNA regulatory networks
including mRNAs, miRNAs, long non-coding RNAs and
circular RNAs play critical roles in tumorigenesis, and
the perturbations of ceRNA networks may contribute
to the pathogenesis of gastric cancer.
Guo LL, Song CH, Wang P, Dai LP, Zhang JY, Wang KJ.

11680

November 7, 2015|Volume 21|Issue 41|

Guo LL et al . ceRNA networks in gastric cancer
Competing endogenous RNA networks and gastric cancer. World
J Gastroenterol 2015; 21(41): 11680-11687 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i41/11680.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i41.11680

INTRODUCTION
Gastric cancer (GC) is the second leading cause
of cancer-related death worldwide and is a major
[1]
cause of cancer-related mortality in China . Since
the carcinogenesis in GC is a complex process with
etiological factors, genetic and epigenetic alterations
[2]
involved , the molecular basis of GC, especially efforts
to identify clusters of predictive markers, has been
widely studied. Previous studies have demonstrated
that several genetic abnormalities such as aberrant
genes, copy number variants (CNV), microRNAs
(miRNAs) and long noncoding RNAs (lncRNAs) were
[3]
involved in the initiation and progression of GC , but
the pathogenic mechanisms contributing to biological
feature of GC remain to be elucidated.
Non-coding RNAs (ncRNAs) refer to a class of
RNAs with no protein-coding function that are widely
expressed in organisms, including small ncRNAs such
as miRNAs and lncRNAs, both of which play important
[4]
roles in the post-transcriptional regulation . In fact,
miRNAs have been extensively studied in the field
of oncology, and emerging evidence suggests that
miRNA-mediated regulation plays crucial roles in tumor
cell biological processes, such as cell proliferation,
[5]
migration and invasion . Furthermore, aberrantly
expressed miRNAs have been discovered in diverse
diseases including GC.
The competing endogenous RNA (ceRNA) hy
pothesis postulates that RNAs that share miRNA
response elements (MREs) in their 3’-untranslated
regions (UTRs) can influence the expression of
[6]
miRNAs, inducing gene silencing . While recent
several studies have demonstrated that lncRNAs can
harbor MREs and interact with other RNA transcripts
[7,8]
such as ceRNAs . The complex crosstalks of ceRNAs
have been found in many different cancer types
including GC. Above all, functional interactions and
disequilibrium of ceRNA networks (ceRNETs) may
[9]
contribute to disease pathogenesis . This review
discusses the features of ceRNETs and the functional
roles and regulatory interactions of ceRNETs in the
development of GC.

FEATURES OF CERNETS
In view of ceRNA hypothesis, three studies were
reported in 2011 from Columbia University, Harvard
Medical School and the University of Roma La
Sapienza, which verified the ceRNA hypothesis from
many aspects and further confirmed the establishment
[10]
of regulatory mechanism based on ceRNAs . The
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discovery of ceRNA mechanism provocatively subverts
traditional meaning of the mRNA function, which means
that mRNAs not only have the function of encoding
proteins, but also participate in the gene regulation
[11,12]
processes
. Transcriptional regulatory networks
based on ceRNAs, not only enrich the biological
pathway in the existing networks, but also expand the
function of the human genome. Regulation members
of ceRNETs consist of mRNAs, miRNAs, lncRNAs and
circular RNAs (circRNAs). Notably, miRNAs and MREs
are considered two important elements in the ceRNA
hypothesis. The former is core motivation, while the
latter is structural foundation.

Protein coding genes

So far, the number of protein coding genes in human
[13]
genome has been found to be approximately 20000 .
[14,15]
And most of mRNAs are covered in MREs
. Recent
studies have demonstrated that many mRNAs are
validated as ceRNAs, so mRNAs play an essential role
in ceRNETs.
The function of miRNAs can be influenced by
their target mRNAs for limited MREs within each
cell. For a given mRNA, its upregulation can lead to
the increasing number of MREs, which exceeds their
targeting miRNAs. So each mRNA can act as an inhibitor
for shared miRNAs. To date, PTEN that competes with
various ceRNAs has been widely validated in a variety
[16]
of advanced and metastatic cancers . This tumor
suppressor gene is involved in the regulation of cell
proliferation, migration and apoptosis. The occurrence
[17]
of PTEN inactivation was closely related to GC stage .
Recently, a study has successfully validated that
a protein-coding transcript ZEB2 plays a role as a
PTEN ceRNA in melanoma, which suggests that ZEB2
is involved in regulation of PTEN expression in an
[18]
miRNA-dependent manner . In another study, Tay et
[19]
al
have validated that endogenous protein-coding
transcripts VAPA and CNOT6L possessing tumorsuppressive properties could regulate PTEN through
the disturbance of the PI3K/AKT signaling pathway.
Studies utilizing high-throughput technologies
such as microarray and NGS for gene expression
profiling have increased the discovery of predictive
and treatment biomarkers. So far, numerous driver
genes have been involved in gastric tumorigenesis.
P53 mutations, which were observed in a large pro
portion of tumors, had a crucial and early role in gastric
[20,21]
carcinogenesis of intestinal type
. E-cadherin
gene (CDH1) inactivating mutations were identified in
diffuse GC and carriers with CDH1 mutation(s) were
more likely to have an increased risk of developing
[22,23]
GC
. Furthermore, previous studies found that
frequent ARID1A alterations were detected by exome
sequencing in two specific molecular subtypes of
[24,25]
GC
. In addition to the previously known mutations,
[26]
a recent study of whole-genome sequencing (WGS)
has identified new driver genes of gastric adeno
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carcinoma. MUC6, which encodes gastric mucin, was
significantly mutated. And RHOA mutations were
observed in diffuse-type GC. These emerging drivers,
together with other genes including CTNNA2, GLI3,
and RNF43, are potential players in the perturbed
pathways of GC. Although dozens of genes have been
found, their roles in tumorigenesis in GC remain to
be elucidated. Concurrently, these driver genes could
be ceRNAs, which act as mediators, involved in the
regulation of ceRNETs.

MiRNAs

MiRNAs are small noncoding RNAs that regulate the
expression of various genes by inhibiting or degrading
[27]
target mRNAs . It is estimated that 30% of genes in
[28,29]
the human genome were regulated by miRNAs
.
MiRNAs containing MREs are shared by all ceRNAs.
Accumulating evidence supports that a new layer
of regulation of ceRNETs produces a tendency to be
mediated by miRNAs. Multiple miRNAs can regulate
different MREs in mRNA transcripts, and each miRNA
can inhibit hundreds of transcripts, so miRNAs act
as mediators in huge transcriptional and signaling
[30]
networks . This regulatory mechanism constitutes
the basis of ceRNA interplay networks.
Emerging evidence suggests that aberrant miRNAs
participate in the pathogenesis of GC, mainly by
regulating the expression of oncogenes and tumor
suppressors. Overexpression of miR-21, a known
oncogenic miRNA, could enhance cell proliferation and
[31,32]
inhibit apoptosis in cancer patients
. The target
genes of miR-21 such as TMP1, PTEN and RECK were
confirmed in several studies by different technological
[33,34]
methods
. These findings support that miR-21 that
function via the regulation of target genes mediates
oncogenic processes in GC. Dysregulated miRNAs
(miR-125a, miR- 199a, and miR-100) were considered
[35-37]
to be important factors in the regulation of GC
,
suggesting that they may play different functions in
different sites.
Gastric carcinogenesis is a multi-stage process,
in which molecular expression and signaling pathway
[38]
disturbances are involved . Chronic inflammation is a
driving factor promoting the malignant transformation.
Specifically, Helicobacter pylori (HP)-induced gastritis
is a risk factor for GC. The expression of certain
miRNAs including miR-21, miR-155, miR-194, miR196,
miR-218, and miR-223 has been found to be increased
[39]
in GC with HP infection. Saito et al
noted that
the overexpressed miR-155 acting as an important
negative regulator modulates the inflammatory
responses in GC induced by HP infection. Additionally,
[40]
Wang et al
reported that a great dependence
was confirmed between miR-106a and lymph node
[41]
metastasis in GC. Another study also
discovered
that HP infection could lead to decreased expression
of Let-7, which increases the expression of oncogene
Ras. As stated above, aberrant miRNAs play central
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roles in ceRNETs by regulating target genes.

LncRNAs

LncRNAs play regulatory roles and are dysregulated
in a variety of tumors. However, the potential me
chanisms of how lncRNAs alter in GC remain largely
undefined. An increasing number of lncRNA transcripts
emerged recently as ceRNAs have been implicated in
GC.
In the research of GC, some lncRNAs are upre
gulated and act as oncogenic genes, including
H19 and HOTAIR, while others are downregulated
and function as suppressor genes, such as growth
arrest-specific transcript 5 (GAS5) and maternally
expressed gene 3 (MEG3). H19, a typical onco[42-44]
lncRNA, was dysregulated in many cancers
. Park
[45]
et al
reported that upregulated H19 can promote
the development of GC by regulating the activity of
[46]
P53. Recently, several studies
have demonstrated
that HOTAIR may participate in the progression and
metastasis of GC, and can be used as a therapeutic
target for GC. GAS5, another famous lncRNA, plays a
tumor-suppressive role in tumor formation. Significant
downregulation of GAS5 could promote tumor cell
proliferation by regulating expression of p21 and E2F1
[47]
proteins . In addition, MEG3 was frequently studied
in GC. Decreased expression of MEG3 could regulate
cell proliferation and differentiation by interacting with
[48]
p53, Rb, and VEGF . Additionally, MEG3 may be
associated with poor prognosis of GC by increasing the
[49]
spread of cancer cells .
The key step in cancer research is to discover
lncRNAs associated with specific diseases. At present,
the screening of lncRNAs via chip analysis is a
[50]
quick and accurate method. Song et al
demon
strated that 135 lncRNAs were dysregulated in
GC tissues by microarray analysis, and H19 and
uc001lsz were markedly expressed. The use of qRTPCR also confirmed that the overexpression of H19
was closely related to GC, and uc001lsz might be a
potential diagnostic marker for early GC. By means of
[51]
expression profile analysis, Cao et al
identified 88
abnormally expressed lncRNAs including LINC00152,
SNHG3, GAS5 and LINC00261. Additionally, Park et
[52]
al
detected 31 differentially expressed lncRNAs
using transcriptomics data, which further suggested
that down-regulated BM742401 was closely related to
poor survival of GC, and could be used as a therapeutic
target to improve the prognosis of GC.

CircRNAs

CircRNAs are a special kind of endogenous RNAs
featuring stable structure and high tissue-specific
[53]
expression . Instead of nonlinear RNAs, circRNAs
[54]
are more common features . So far, thousands of
circRNAs have been found in human cells. The newly
discovered circular RNAs can act as ceRNAs that affect
the regulation of gene expression.
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At present, studies on circRNAs are relatively few.
CircRNAs functioning as miRNA sponges may play an
[55]
important role at the level of miRNA fine tuning .
[56]
Hansen et al
suggested that CDR1 (cerebellar
degeneration-related protein 1), known as ciRS-72011,
was perceived as a ceRNA. Unlike other transcripts,
CDR1 containing more than 70 MREs plays a role in
regulation by interacting with miRNAs. By functional
approaches, CDR1 was found to be overexpressed as a
ceRNA that bound miRNAs, thus inhibiting the activity
[57]
of miR-7 . Additionally, the study also discovered that
16 MREs were shared between miR-138 and a circRNA
transcript derived from the testis determining gene
(sex-determining region Y, Sry), which could have an
miRNA sponge effect in regulating gene expression by
inhibiting the activity of miR-138. In general, circRNAs
are difficult to be degraded by enzyme for the feature
of stable configuration and high abundance, which
brings the regulatory function of cirRNA into full play.
Currently, circRNAs have been involved in several
[58,59]
types of diseases
including GC. A study dis
covered that a typical circRNA, hsa_ circ_002059, is
significantly downregulated and may be a potential
[60]
diagnostic marker in GC . Given the fact that the
interactions between circRNA and miRNA may be very
common, with the recognition of more molecules,
circRNAs research is likely to have a giant leap, which
will make contributions to tumor biology.

PREDICTION OF CERNETS
The availability of transcriptome data of diverse
cancers, together with bioinformatic tools and com
putational approaches, enables the prediction of
ceRNETs. At present, research on ceRNETs is certainly
in its infancy, but still has made some progress.
By a novel multivariate analysis method, a huge
miR-mediated ceRNET including 248000 crosstalks was
[61]
first observed in glioblastoma . Based on a special
algorithm, a recent study has constructed a breast
cancer-specific ceRNET using the expression profiles
[62]
of miRNAs and mRNAs . Similarly, a computational
[63]
approach
was explored to predict miRNA- me
diated sponge interactions (MMI-networks) based
on both normal and breast cancer expression data,
separately. This study also found that ceRNETs may be
significantly altered between normal and pathological
breast tissues and lncRNA PVT1 was a key factor in
the tumorigenesis of breast cancer. Interestingly,
[64]
based on lncRNA microarray data of GC, Xia et al
first constructed a ceRNA regulatory network including
8 lncRNAs and 9 miRNAs using bioinformatics
methods and confirmed this network using the data
from six types of other cancers. Additionally, Basia
[65]
et al
proposed to analyze the equilibrium and
non-equilibrium properties of ceRNETs based on a
stochastic model, while emphasizing the robustness
and response-time to external perturbations of the
network.
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CeRNA database

At present, the most effective way to reveal ceRNAs’
function is constructing ceRNETs. As increasing
attention has focused on ceRNA research, ceRNA
databases are constantly established. Sarver et
[66]
al
developed a putative human ceRNA database
ceRDB, which aimed to predict specific miRNA target
genes related to ceRNAs. In ceRDB, the competing
mRNAs were sorted by an interaction score based
on the number of shared MREs among ceRNAs. The
higher the score was, the more likely to be affected
by ceRNAs the target mRNAs were. However, unlike
the ceRDB database, which excluded information
[67]
about lncRNAs. lnCeDB
provided a database of
human lncRNAs that could potentially act as ceRNAs by
computing a ceRNA score, which was a novel algorithm.
Noteworthily, lncRNA-mRNA pairs with common shared
miRNAs were available in this database. Additionally,
based on ceRNA hypothesis, a web resource Linc2GO
[68]
database was established to provide comprehensive
function annotations for human lincRNAs. starBase
[69]
v2.0
stored the information about regulatory net
works based on broadest experimental support, and
this database provided potential interactions between
miRNAs, mRNAs and lncRNAs. A newly developed
[70]
database miRcode
was described to collect putative
microRNA target sites based on complete GENCODE
gene annotations and was used to predict the targets
of miRNAs, including mRNAs and lncRNAs. The latest
version of this database contained 10419 lncRNA
[71]
genes. DIANA-LncBase database
attempted to
depict putative miRNA-lncRNA interactions, providing
annotations of miRNA targets on lncRNAs. Further
[72]
more, ChIPBase
database platform aimed to un
ravel transcriptional regulatory relationships between
lncRNAs/lincRNAs and miRNAs through the integration
of ChIP-Seq data. In short, the effective use of these
databases will help us seek for biomarkers, avoiding
the blindness in practice (Table 1).

Conditions that ceRNETs work

It is well-known that ceRNETs play a role in cell culture.
Recently, some conditions required for ceRNETs have
been found. First, the concentration of the ceRNAs
should be strongly emphasized. Expression changes of
ceRNAs should be large enough to effectively eliminate
or weaken the inhibition of miRNAs to ceRNAs.
Second, the effectiveness of ceRNETs always depends
on the number of shared miRNAs. It can be specula
ted that, in a network, the ceRNA having more binding
preference to the shared miRNA will have more
profound ceRNA effect on the components with less
binding preference. In addition, taking tissue specificity
into account, ceRNETs would also rest on density
[73]
and subcellular distribution of RNAs in the cell .
The balance between shared miRNAs and targeted
ceRNAs is critical for ceRNA activity and disruption of
this balance can trigger internal crosstalks in ceRNETs.
In general, alterations of one ceRNA may lead to joint
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Table 1 Competitive endogenous RNA related databases
Database

Website

ceRDB
lnCeDB
Linc2GO
starBase v2.0
miRcode
DIANA-LncBase
ChIPBase

Ref.

http://www.oncomir.umn.edu/cefinder/
http://gyanxet-beta.com/lncedb/
http://www.bioinfo.tsinghua.edu.cn/~liuke/Linc2GO/index.html
http://starbase.sysu.edu.cn/
http://www.mircode.org/
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=lncBase/index
http://deepbase.sysu.edu.cn/chipbase/

ncRNA microarray data

ceRNA databases
miRcode/starBase:
miRNAs/lncRNAs that
interacted with ncRNAs

[66]
[67]
[68]
[69]
[70]
[71]
[72]

Literature mining

miRNA-mRNA databases
Tarbase: predicting mRNAs
targeted by miRNAs

ncRNAs
dysregulation

ceRNA network
(ceRNET)

ceRNA validation
luciferase assays\
qRT-PCR\FISH

Clinical analysis
Diagnosis\prognosis
biomarker

Mechanism research
Expression vector\
siRNA\shRNA\ASO

Figure 1 Flow chart for studying competing endogenous RNA network in cancers. ncRNA: Non-coding RNA; ceRNA: Competing endogenous RNA; shRNA:
Short hairpin RNA.

consequences in huge ceRNETs and thus promote
cancer.

Research methods of ceRNETs

Although ceRNA research is in its infancy, the current
progress has gained much attention. The availability of
RNA-seq data, along with bioinformatics tools, enables
the prediction of ceRNETs. As show in Figure 1, we
display a way to research ceRNETs.
First, multiple strategies can be applied to obtain
differentially expressed ncRNAs in cancers, including
literature mining and microarray analysis. Then by
means of computational algorithm and public data
bases, we can predict potential connections in ceRNETs.
Some miRNA target prediction databases such as
Tarbase, TargetScan and miRecords can provide experi
mentally verified miRNA-gene interactions, which
are stable foundation for ceRNETs. As a supplement,
the CLIP-Seq datasets come in handy. These ceRNA
databases encompass information about miRNA,

WJG|www.wjgnet.com

mRNA, lncRNA, circRNA and pseudogene associations.
Taken together, ceRNETs including lncRNAs, miRNAs,
and mRNAs are constructed by invoking bioinformatics
analysis.
Second, the precondition to study ceRNETs should
be expression correlations, regulatory relationships,
and shared MREs of ceRNA pairs. The validation
of ceRNETs is considered to be an experimental
framework for the biochemical method of ceRNA
interactions. Based on the ceRNETs, the differentially
expressed ceRNAs could be confirmed by qRT-PCR or
fluorescence in situ hybridization (FISH).
Finally, functional studies should be conducted
to investigate the dysregulation of ceRNAs in car
cinogenesis. In brief, the effect of overexpression/
interference expression among ceRNAs was assessed
by function gain/deficit experiments such as siRNAs,
shRNAs, and antisense oligonucleotides (ASO). Fur
thermore, these experimentations for validating the
perturbation of ceRNAs should be investigated in
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mouse models to get confirmed correlations.

CROSSTALKS BETWEEN CERNAS IN GC
In recent years, the mechanism of ncRNAs in tumors
has become a hot research topic. At the same time,
increasing evidence has indicated that ncRNAs can
regulate each other and affect their function by binding
[74]
to MREs of shared miRNAs . Like the role of ceRNAs
in GC, the disturbance of interactions between ceRNAs
also plays a part.
Due to the ceRNA theory, the competition between
lncRNAs and miRNAs makes indirect regulation
possible. In light of the role in regulating target
genes, miRNAs can exercise the similar function to
negatively regulate the expression of lncRNAs, and
thus exert a series of biological effects in GC. Yan
[75]
et al
reported that MEG3 expression level was
markedly reduced in both tissues and cell lines of GC,
and further experiments found that transfection of
MEG3 siRNA into cells could diminish the suppression
of proliferation induced by overexpression of miR148a, which suggested that miR-148a might decrease
the expression of MEG3 by modulation of DNMT-1.
[76]
Furthermore, another study
found that upregulated
H19 could promote the proliferation of GC cells by
binding miR-675, which inversely inhibited the tumor
suppressor gene RUNX1. The interaction between
H19/miR-675 and RUNX1 may serve as novel targets
in the tumorigenesis of GC.
In addition to indirect regulation of ceRNAs,
lncRNAs can have a direct interaction by invoking
the “endogenous miRNA sponge” (miRNA sponge)
to inhibit the activity of mRNAs, thus affecting the
[77]
occurrence and development of tumors. Xu et al
discovered that upregulated lncRNA AC130710 played
a crucial role during GC progression by targeting
[78]
miR-129-5p. Liu et al
reported that the expression
levels of upregulated HOTAIR and HER2 had a positive
correlation in GC. And subsequent luciferase and
RIP assays confirmed that HOTAIR served as an
endogenous “sponge” to regulate the expression of
HER2 by sinking miR-331-3p. These results indicate
that possible crosstalks in ceRNETs may provide new
clues for the mechanism of GC.

that have significant influence on network balance
or tumorigenesis. Despite some improvements in
research field, the mechanisms of ceRNA crosstalks
are still not fully elucidated. And there are still several
considerations limiting the applications of ceRNETs.
With the development of computational methods,
research techniques and abundance of all components
in ceRNETs, we anticipate that ceRNETs will provide a
new avenue for the research of GC, and shed light on
complex mechanisms underlying malignant processes.
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Abstract
Colitis-associated colorectal cancer (CA-CRC) is the
cause of death in 10%-15% of inflammatory bowel
disease (IBD) patients. CA-CRC results from the
accumulation of mutations in intestinal epithelial
cells and progresses through a well-characterized
inflammation to dysplasia to carcinoma sequence.
Quantitative estimates of overall CA-CRC risks are highly
variable ranging from 2% to 40% depending on IBD
severity, duration and location, with IBD duration being
the most significant risk factor associated with CA-CRC
development. Recently, studies have identified IBD
patients with similar patterns of colonic inflammation,
but that differ with respect to CA-CRC development,
suggesting a role for additional non-inflammatory risk
factors in CA-CRC development. One suggestion is that
select IBD patients carry polymorphisms in various low
penetrance disease susceptibility genes, which predispose them to CA-CRC development, although these
loci have proven difficult to identify in human genomewide association studies. Mouse models of CA-CRC
have provided a viable alternative for the discovery,
validation and study of individual genes in CA-CRC
pathology. In this review, we summarize the current
CA-CRC literature with a strong focus on genetic predisposition and highlight an emerging role for mouse
models in the search for CA-CRC risk alleles.
Key words: Colitis-associated colorectal cancer; Inflammatory
bowel disease; Forward genetics; Susceptibility genes;
Azoxymethane; Dextran sulfate sodium; Mouse models
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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is the cause of death in 10%-15% of inflammatory
bowel disease (IBD) patients. Quantitative estimates
of overall CA-CRC risk are highly variable and depend
of the severity, duration and location of active IBD.
Recently, studies have identified IBD patients with
similar patterns of colonic inflammation, but that differ
with respect to CA-CRC development, suggesting a role
for additional non-inflammatory risk factors in CA-CRC
development. In this review, we summarize the current
CA-CRC literature with a strong focus on genetic predisposition and highlight an emerging role for mouse
models in the search for CA-CRC risk alleles.
Van Der Kraak L, Gros P, Beauchemin N. Colitis-associated
colon cancer: Is it in your genes? World J Gastroenterol 2015;
21(41): 11688-11699 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i41/11688.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i41.11688

INTRODUCTION
Inflammatory bowel disease (IBD) is an umbrella
term used to describe chronic-relapsing inflammatory
[1]
conditions of the intestinal tract . While there are
several subtypes of IBD, the two most common are
Crohn’s disease (CD) and ulcerative colitis (UC).
CD is characterized by inflammation throughout
the entire gastro-intestinal tract with lesions most
commonly found in the small intestine and proximal
colon. Approximately 60% of CD patients have colonic
involvement, with only 20% having isolated colonic
[2]
disease . In CD, the inflammation is transmural,
traversing multiple layers of the intestine, and typically
[1]
occurs in patches . In UC, inflammation arises in
the rectum and spreads proximally in a continuous
manner, rarely extending into the small intestine and is
confined to the mucosal layer. Worldwide IBD incidence
rates are highly variable (UC: < 1-24.3/100000, CD:
1-20.2/100000), with higher incidence recorded in
Western and Northern Europe, Australia and North
America and lower incidence in Africa (excluding
[3-5]
South Africa), Asia and South America . A largescale meta-analysis of 107 IBD studies (57 CD and 50
UC) recently determined that CD incidence increased
in 75% of CD studies and 60% of UC studies over a
[4]
period of at least 10 years . As IBD patients exhibit
a low mortality rate, the global prevalence of IBD is
expected to increase in the coming years.
Colitis-associated colorectal cancer (CA-CRC),
which develops in areas of active colonic inflammation,
is listed as cause of death in 10%-15% of all IBD
[6,7]
patients
. As rates of IBD increase, rates of
subsequent CA-CRC are also predicted to increase.
From a colon cancer perspective, inflammation is
the third most common CRC risk factor, after the
hereditary CRC syndromes familial adenomatous
polyposis coli (FAP) and hereditary non-polyposis colon
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cancer (HNPCC). However, unlike FAP and HNPCC,
whose etiologies are well characterized, the specific
etiologies underlying increased CA-CRC are still being
elucidated. In this review, we briefly highlight the
current literature with respect to CA-CRC etiology and
epidemiology and compare and contrast CA-CRCs
relative to non-inflammatory CRC conditions and IBD.
In addition, we speculate on a possible function for
genetic pre-disposing risk factors in CA-CRC and a role
for animal models in elucidating these genetic effects.

EPIDEMIOLOGY, ETIOLOGY AND
SURVEILLANCE
CA-CRC is listed as cause of death in 10%-15% of
[7]
IBD patients . CA-CRC mortality is approximately
50% (CD: 46%, UC: 50%) and this suggests that
between 20%-30% of IBD patients will develop CA[6]
CRC within their lifetime . Both UC- and CD-CRC are
early-onset conditions presenting with an average age
[6,8-10]
of onset between 40-55 years of age
. UC-CRC is
primarily identified in the rectum and sigmoid colon,
whereas CD-CRC is more evenly distributed between
the right-colon (ascending), sigmoid colon and rectum,
although only a small proportion of CD patients have
[6,11]
colonic disease
. The differences with respect to
tumor location may reflect differences in location of
active IBD as 76% of CD-CRCs and 100% of UC-CRCs
arise in areas of macroscopic IBD. CA-CRC patients
often present at diagnosis with multiple synchronous
carcinomas (CD-CRC: 11%, UC-CRC: 12%) and with
lesions showing a high proportion of mucinous and
[6]
signet ring features (CD-CRC: 29%, UC-CRC: 21%) .
According to the American Cancer Society, in
dividuals at increased risk for CA-CRC should undergo
routine colonoscopy at 1-2 year intervals starting 8-12
years post-disease diagnosis (www.ccfa.com). It is
also recommended that at least four random colonic
biopsies be taken for every 10 cm of colon examined
during these routine colonoscopies, as approximately
20%-50% of colon dysplasia cannot be detected by
[12,13]
visual inspection alone
. Intraepithelial neoplasms
are highly variable with respect to appearance and
may present as raised (pedunculated or sessile) or flat
[14]
(plaque or bump) lesions . Flat lesions are a unique
feature to CA-CRC, rarely being detected in familial or
sporadic CRC, and are generally associated with high
[15]
risk of transformation into CA-CRC . The identification
of CA-CRC can also be further complicated by large
benign inflammatory pseudopolyps, which form during
mucosal regeneration and ulcer healing.

Inflammation in CA-CRC pathogenesis

Quantitative estimates of overall CA-CRC risks are
highly variable ranging from 2% to 40% depending
[7]
on IBD severity, duration and location . CD patients
with disease isolated to the small intestine only are
not at increased risk of CD-CRC supporting the strong
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[6]

link between inflammation and CA-CRC . CRC risk
in UC has been estimated at 2% after 10 years, 8%
[8]
after 20 years and 18% after 30 years of disease .
Studies of UC-CRC have also noted a high concordance
between CA-CRC risks with location/extent of disease.
[16]
For example, Ekbom et al
identified a standardized
incidence ratio (SIR) of 1.7 for proctitis (rectal only), 2.8
for left-sided colitis and 14.8 for pancolitis (defined as
extensive colitis, or colitis involving the entire colon).
Studies of CD-CRC are complicated by vast
heterogeneity with respect to CD anatomical sites.
However, as with UC, CA-CRC risk associations have
been correlated with duration/severity of disease.
The relative risk (RR) of CD-CRC based on duration of
disease was calculated to be 2.9, 5.6 and 8.3 after 10,
[17]
20 and 30 years of disease, respectively . In 2007, a
CRC meta-analysis by disease site estimated a RR of
0.85, 4.3 and 13.4 for small bowel only, ileocolic and
[18]
colon CD, respectively . CD-CRC RR is increased to
18.2 in patients with extensive disease.
One of the oldest and most prevalent treatments
in IBD is administration of the non-steroidal antiinflammatory (NSAID) drug 5-aminosalicylic acid
(5-ASA) or its derivatives. 5-ASA modulates mucosal
inflammation through several mechanisms including:
the down regulation cyclooxygenase 2; inhibition of
tumor necrosis factor alpha (TNF-α) and interleukin
1 beta (IL-1β); decreased nuclear factor kappa beta
(NF-κβ) activation and modulation of peroxisome[19]
proliferator activated receptor gamma (PPAR-γ) .
While the protective effects of 5-ASA in IBD are well
established, the literature examining 5-ASA as a
preventative agent in CA-CRC is controversial. Some
studies have demonstrated up to a 97% reduction
in CA-CRC risk in patients receiving regular 5-ASA
[20-22]
therapy
. However, recent studies tend to support
no protective effects of regular 5-ASA use on CA-CRC
[23-25]
risk
. These discrepancies highlight the complex
nature of CA-CRC. It also leads to questions regarding
whether there may be certain non-inflammatory
factors, such as genetic predisposition that may
influence the efficacy of 5-ASA therapeutics.
CA-CRC initiation and progression is dependent
on the accumulation of mutations in various tumor
suppressors and oncogenes in intestinal epithelial
[26]
cells . Support for inflammation as a key mediator
in CA-CRC pathogenesis comes from animal studies
showing increased DNA damage and tumor formation
following extended periods of colitis in mice in the
[27]
absence of a known DNA mutagen . The specific
mechanisms through which inflammation regulates
CA-CRC initiation and progression are not well
understood. It has been suggested that reactive
oxygen species (ROS) produced by immune cells
during colitis may play a crucial role in promoting DNA
damage. Epigenetics, cytokines and the microflora are
also thought to be important in mediating cross talk
between increased inflammation and CA-CRC and are
[28]
reviewed in .
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Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a rare disease
characterized by inflammation, fibrosis and subsequent
narrowing of the common bile duct. This narrowing
leads to the accumulation of bile in the liver resulting
in cirrhosis and future liver failure thus reducing life
[29]
expectancy . There is a strong correlation between
IBD and PSC, with approximately 70% (CI: 46.5% to
98.7%) of PSC patients presenting with concomitant
[30]
IBD, usually in the form of UC . This corresponds to
[31,32]
8% of IBD patients developing coexisting PSC
.
The specific etiology underlying PSC development is
complex, but similar to IBD is thought to arise due to
a combination of genetic, environmental and microbial
[33,34]
risk factors
.
In 2002, a large-scale meta-analysis concluded
that PSC patients were at increased risk of developing
CA-CRC compared to both IBD patients without PSC
[35]
and the general population . While there has since
been conflicting data concerning CA-CRC in PSC[32]
IBD patients , it is generally accepted that PSC is a
risk factor associated with CA-CRC development. The
explanation behind increased CRC in PSC-IBD patients
remains elusive, but may be associated with increased
levels of bile acid. Co-diagnosis of IBD and PSC is
important to clinicians, as there is some evidence
to suggest that treatment with ursodeoxycholic
acid (UDCA) may reduce risk of CA-CRC, although
[36]
additional testing is still necessary .

Evidence for non-inflammatory factors in CA-CRC
pathogenesis

In addition to strong evidence linking extent and
duration of colonic inflammation to CA-CRC risk
in IBD patients, there have recently been several
observations in humans and mice to suggest a role
for non-inflammatory factors in CA-CRC initiation/
progression. Family history of CRC development is
an important parameter to assess in IBD patients as
a positive family history of CRC is associated with a
[37]
2-fold greater risk of developing CA-CRC . Studies
of human UC and CD-CRC have also shown increased
risk of CA-CRC in patients diagnosed with IBD at
a young age. For UC-CRC, the absolute CRC risk
35 years post-diagnosis was 40% vs 30% in earlyonset (age 15 or less) and late-onset UC patients
[16]
diagnosed with pancolitis, respectively . This was
subsequently confirmed in a large scale meta-analysis
whereby patients with UC diagnosed prior to 25 years
of age were 13 and 70 times more likely to develop
CA-CRC compared to older UC patients and the
[38]
general population, respectively . A similar trend
was seen in CD with an increased RR of 21.5 vs 1.6
in patients younger and older than 25, respectively
and subsequently confirmed in second unrelated CD
[18,39]
cohort
. The specific etiology underlying increased
CA-CRC risk in younger onset IBD is still being
investigated.
[40]
In 2014, Connolly et al
compiled a cohort of
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UC patients to study the role of select IBD genes in
CA-CRC. In this study, two cohorts were identified;
patients with CA-CRC and those without, despite
having similar amounts of UC-inflammation in both
cohorts. Similar observations in mice with high levels
of colonic inflammation, but low levels of CA-CRC have
also been reported and will be discussed further in
[41,42]
the mouse model section of this review
. CA-CRC
divergence among individuals with similar IBD status
suggests a role for other non-inflammatory factors in
mediating CA-CRC initiation or progression and it has
been suggested that similar to many other complex
traits, select IBD patients are genetically pre-disposed
to developing CA-CRC.

GENETIC ASSOCIATIONS IN HUMAN CACRC
The “common disease, common variant” hypothesis,
stipulates that common complex diseases, such as
cancer, diabetes and IBD, arise in part due to common
genetic variants (single nucleotide polymorphisms,
[43]
SNPs) within the genome . To understand the
rationale for hypothesizing genetic predisposition in
CA-CRC, we must reiterate the similarities with respect
to cancer progression between CA-CRC and a type of
non-inflammatory CRC, often referred to as familial
CRC.

Familial vs colitis-associated colorectal cancers

Genome-wide association studies

Genetically, CRCs can be categorized on a sliding scale
of pre-disposing risk, which describes the predicted
effect size of a given CRC risk variant compared to the
minor allele frequency [(MAF), the abundance of the
[44]
minor allele within a reference population] . At one
extreme, there are the rare, but well-characterized
Mendelian or Hereditary CRC syndromes, such as
FAP or HNPCC, whose mutations are associated with
a high penetrance of disease symptoms and are
easily identified in large families with multiple affected
individuals. At the other extreme are familial CRCs,
which present with fewer affected individuals per family,
and arise, in part, due to common genetic variants
within a class of genes known as low penetrance tumor
[45]
susceptibility genes .
In familial CRCs, like most cancers, the balance
between cell proliferation, differentiation and
apoptosis becomes progressively disrupted through
the accumulation of mutations in several signaling
pathways encompassing WNT, RAS, p53, DCC and
TGF-β genes. This is referred to as the adenoma[46]
carcinoma sequence progression . Analysis of
invasive familial and CA tumors show a similar pattern
of acquired molecular alterations and hence CA-CRC
was originally categorized as a subtype of familial CRC.
This led to speculation that low penetrance tumor
susceptibility genes, which are important in familial
CRC, could also be important in CA-CRC initiation and
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progression.
However, the timing and frequency of these ge
netic events differ between familial and CA-CRC and
therefore it has been hypothesized that variants in
different genes may be associated with both cancers.
For example, mutations/deletions of p53 are early
events in CA-CRC with 50% of ulcerative colitis
(UC) patients having p53 mutations compared to
approximately 10% of non-inflammatory adenomas
[28,47]
(Figure 1)
. But APC mutations are rare events in
CA-CRC (27.5% of high grade dysplasia) compared to
[28,48]
50% in non-CA-CRC adenomas
.
CA-CRCs progress through the colitis-dysplasiacarcinoma sequence associated with the development
of inflammation, indefinite, low-grade and high-grade
dysplasia, with eventual progression to carcinoma
[26]
(Figure 1) . Dysplasia describes the abnormal
growth and development of colon cells, with indefinite
dysplasia describing early changes that cannot be
categorized as either negative or positive for dysplasia.
It is interesting to note that key inflammatory
mediators such as reactive oxygen and nitrogen
species (ROS and NOS), as well as chemokines and
cytokines (IL-6, STAT3, TNF-α, IL-10, IL-12 and IL-23)
all participate to orchestrate the conversion of a
normal epithelium to indefinite dysplasia, which again
highlights a variable role for inflammation in CA-CRC
[28]
transformation .

The completion of the Human Genome Project,
the International HapMap Project and increased
technological power has led to the advent of genome[49]
wide association studies (GWAS) . GWAS compare
the prevalence of thousands of common genetic
variants [single nucleotide polymorphisms (SNPs)]
within healthy (control) and disease (case) cohorts
looking for allelic imbalance indicative of disease
[49]
association .
Both IBD and familial CRC have been associated
with polymorphisms in low penetrance disease sus
ceptibility genes, with numerous positive associations
detected in GWAS. For IBD, more than 200 loci have
been identified, the largest number for any common
complex disease (http://genome.gov/gwastudies).
As IBD pathogenesis is driven by aberrant immune
responses against the commensal bacteria of the
lumen, it is not surprising that a large number of genes
within IBD loci have been associated with epithelial
barrier maintenance and permeability, cytokine
[50]
signaling and pathogen recognition/clearance . Some
of the most well characterized genetic associations
are NOD2, IL-23R and ATG16L1 involved in bacterial
sensing, the IL-23 inflammatory response and
[51]
autophagy, respectively . To date more than 40
loci have been associated with familial CRC (http://
genome.gov/gwastudies), with many of the SNPs
mapping to regions in strong linkage disequilibrium
(LD) with members of the TGF-β signaling pathway,
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p53 mutation
p53 LOH
↓ DNA repair
↑ TNFa, ↑ STAT3
↑ NFkB

 ROS,  inflammation

Normal
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Diagnosis of IBD

Indefinite
dysplasia

Low grade
dysplasia

K-Ras
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APC mutation
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Figure 1 Progression of colitis-associated colorectal cancer. Colitis-associated colorectal cancer progresses through a colitis-dysplasia-carcinoma sequence
associated with the development of inflammation, low-grade, high-grade dysplasia and eventually carcinoma due to molecular alterations. IBD: Inflammatory bowel
disease; ROS: Reactive oxygen species.

highlighting an important role for TGF-β signaling in
[52]
CRC . There is little overlap between known IBD and
CRC loci in humans suggesting different etiologies to
both diseases.

Lack of GWAS for colitis-associated colon cancer

Unlike familial CRC and IBD, there have been very few
GWAS performed to identify genetic loci regulating
susceptibility to CA-CRC. In part, this may be due to
high numbers of IBD patients undergoing colectomy,
making identification of IBD patients with and
[53,54]
without CA-CRC difficult
. CA-CRC is influenced
by numerous risk factors including age at IBD-onset,
[7,38]
and duration/extent of IBD colonic involvement
.
While not essential for early CA-CRC GWAS it may
also be important to segregate CA-CRC patients into
categories associated with differences with respect to
age of diagnosis, ethnicity and extent of inflammation,
as different genes may underlie CA-CRC in different
colonic microenvironments.
In 2009, the UK IBD Genetics Consortium identified
and published a novel UC locus situated on chr. 16
[55]
(16q22) . Interestingly, this locus had previously
[56]
been associated with increased CRC risk . Therefore,
it has been speculated that this locus may also play
an important role in CA-CRC. However, a recent study
showed no association between any known UC loci and
[40]
UC-CRC risk, disproving this hypothesis . Recently,
the STAT3 locus has been associated with both IBD
and CA-CRC, exerting its effects in a TP53-dependent
manner. This is a promising step in the identification of
[57]
CA-CRC loci in humans .

MOUSE MODELS OF COLITISASSOCIATED COLON CANCER
The complex and heterogeneous genetic component
of complex diseases can be difficult to tease apart in
human populations due to confounding environmental
and lifestyle variables. However, these traits can
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be dissected in genetically well-defined inbred and
[58]
recombinant congenic mouse strains . Mice are not
particularly prone to the spontaneous development of
IBD or CRC and therefore disease induction in mice can
be performed using dietary modifications, infectious
[59]
agents, genetic mutation or chemical reagents .
To date more than 100 different mouse models of
CRC, IBD, and CA-CRC have been published. For a
[58,60-62]
comprehensive review of these, see
.
We have narrowed the focus of this review to three
relevant areas; the Il-10 knockout genetic model of
colitis/CA-CRC, the AOM/DSS model of CA-CRC and
the mapping of genetic loci regulating susceptibility to
CA-CRC using forward genetic approaches.

The Il-10 model of colitis and CA-CRC

Many common colitis and CA-CRC models involve
deleting the expression of a specific gene or multiple
genes. These models are associated with an increase
in IBD (either UC or CD) with or without subsequent
[60]
CA-CRC . The most-well characterized of these
genetic models involves the deletion of the Il-10 gene
encoding a pleiotropic anti-inflammatory cytokine
produced by monocytes and lymphocytes that acts to
[63]
dampen and terminate immune responses . In 1993,
[64]
-/Kuhn et al
generated the 129/B6 Il-10 knockout
mouse line (Il-10tm1Cgn). These mice showed a high
incidence of weight loss, anemia and enterocolitis 1-3
mo after birth. Enterocolitis was first detected in the
proximal colon and then in the remaining colon, the
duodenum and the proximal jejunum of the small
intestine and mimics human CD, associated with dis
continuous, transmural inflammation, ulceration and
[64-66]
thickening of the bowel wall
.
-/Enterocolitis in Il-10 mice is strain-dependent,
suggesting a strong role for genetic factors in disease
pathogenesis. The most sensitive genetic backgrounds
are C3H/HeJBir and 129/Sv, with 100% of the mice
[66,67]
developing severe colitis before 3 mo of age
.
C3H/HeJBir mice, with a wild type Il-10 gene are also
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[60]

susceptible to spontaneous colitis . However, CA-CRC
susceptibility has not been assessed in the C3H/HeJBir
-/[67]
Il-10 mice . On the 129/Sv background, 67% of
the mice develop adenocarcinomas in the first 6 mo of
[66]
-/life . As evaluated by histopathology, BALB/cJ Il-10
mice have a higher incidence of spontaneous colitis
-/(100%) compared to B6 Il-10 mice (57%) at 3 mo
of age, but a lower incidence of colonic tumors (29%)
-/at 6 mo of age compared to 129/Sv Il-10 mice. B6
-/Il-10 mice do not develop colonic adenocarcinomas
-/within this timeframe. NOD/LtJ Il-10 mice also
develop severe colitis, associated with 100% incidence
of rectal prolapse, although the time frame for disease
[68]
development was not specified . These NOD/LtJ
-/Il-10 mice are not good models for CA-CRC as high
incidence of rectal prolapse prevents long-term studies
in these mice. Together, these studies highlight an
important role for genetic backgrounds in colitis and
CA-CRC susceptibility.
Generally, experiments of colitis and CA-CRC in
Il-10-deficient mice support a strong role for inflam
mation as the driving factor underlying increased CACRC risk. However, an exception to this is a study from
[69]
Arthur et al who demonstrated similar inflammatory
-/profiles in Il-10 mice infected with E. faecalis
and E. coli, with only the latter being associated
with increased CA-CRC, supporting a role for noninflammatory mediators of CA-CRC.

The AOM/DSS model of CA-CRC

Chemical models of colitis and CA-CRC are advan
tageous as treatments are relatively inexpensive and
easy to administer producing highly reproducible
results. These models offer a distinct advantage
compared to genetic models as time of onset, duration
and severity of colitis/CA-CRC can be adjusted by
changing the dose and/or length of the treatment
protocol. In addition, unlike genetic models of colitis
and CA-CRC, the inflammatory agents can be removed
and thus the healing/regeneration process can be
studied in detail. In addition, these models highlight a
probable role for genetic factors in CA-CRC, with some
mice developing high levels of colonic inflammation,
yet low levels of CA-CRC and vice versa.
[70]
In 2003, Tanaka et al
published results showing
that a single azoxymethane (AOM) injection in CD-1
mice, followed a week later by a 7-d dextran sulfate
sodium (DSS) treatment, was sufficient to induce
macroscopically visible tumors 20 wk post-initiation.
Mice treated with only a single AOM or single DSS
injection did not develop tumors within this 20-wk
period, suggesting that combined administration of
AOM and DSS is essential for tumorigenesis. This
AOM/DSS protocol has since become one of the most
popular models to study the influence of dietary,
microbial and genetic factors of CA-CRC progression
[58]
and initiation . Interestingly, permissive mice given
multiple injections of AOM develop CRC, reminiscent
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of human familial CRC, while those given DSS-alone
develop an UC-like phenotype. This allows for common
and unique genetic signatures to be identified between
the AOM/DSS CA-CRC protocol and the AOM-only CRC
and DSS-only IBD protocols.
AOM is a colon specific carcinogen that, when
activated, generates a methyl cation that can react
7
6
with deoxyguanosine at either the N or O posi
tion; with the latter leading to the formation of
deoxymethylguanosine, resulting in mismatched base
pairing and subsequent G to A transitions. DSS is a long
chain (5-140 kDa), negatively charged polysaccharide
derived from the esterification of dextran and
[71]
chlorosulfonic acid . When administered to rodents in
drinking water, DSS is a highly potent inducer of colitis,
[72]
mimicking human UC . The location of colitis is highly
dependent on the DSS molecular weight, with low
weight DSS (5 kDa) inducing lesions in the cecum and
proximal colon, mid weight (40 kDa) DSS provoking
lesions in the mid and distal colon and high weight DSS
[73]
(500 kDa) failing to induce colitis in mice . All future
mention of DSS refers to mid-weight (approximately
36-54 kDa) DSS.
Inbred strains of mice differ with respect to AOM/
DSS-induced CA-CRC susceptibility, with strains such
as BALB/c, Swiss Webster, CBA/J, CD1, A/J and FVB/
NJ behaving as susceptible and strains such as C3H/
[70,74-78]
HeJ, C57Bl/6 (B6) and DBA/2J being resistant
.
Testing for DSS-induced colitis in some strains, such
as BALB/c, CBA/J and DBA/2J, suggests that the
extent of colonic inflammation is an important driver
[41,72]
for CA-CRC
. However, C3H/HeJ mice are highly
susceptible to DSS-induced colitis, yet resistant to
CA-CRC, suggesting that inflammation alone does
[41]
not determine CA-CRC susceptibility . We have
also shown that A/J mice, while more susceptible
to CA-CRC than B6 mice, develop lower levels of
overall colonic inflammation compared to B6 mice
[78]
following AOM/DSS treatment . Studies of myeloid
translocation gene, related 1 (Mtgr1) gene deficiency
in mice have demonstrated reduced tumor burden
following AOM/DSS treatment despite an increased
colonic inflammation, again suggesting a role for non[79]
inflammatory, possibly genetic factors in CA-CRC .
[80]
Recently, Gao et al
compared global gene
expression patterns in untreated BALB/c inbred mice,
to those treated with AOM/DSS, AOM-only and DSSonly. As expected, both the DSS- and AOM/DSStreated mice showed evidence of increased colonic
inflammation, which was notably absent in the AOMonly and untreated mice. However, despite the
strong influence of inflammation in the AOM/DSStreated mice, approximately 50% of the identified
differentially expressed genes were unique to the
AOM/DSS treatment group and were not observed in
[81]
the AOM or DSS-only groups. Li et al
also recorded
unique genetic signatures association with AOM/DSSinduced CA-CRC, compared to chronic murine colitis,
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confirming this observation. Collectively, these studies
suggest that CA-CRC susceptibility is associated with
unique genetic signatures. Identification of genes
specific to CA-CRC may aid in the identification of IBD
patients with rapid onset CA-CRC or those who develop
CA-CRC despite low levels of colonic inflammation.

Mouse loci identified using forward genetic studies

The identification of genes associated with the
development of various complex traits, can be
identified using either forward or reverse genetic
approaches in mice. Forward genetics is a phenotypedriven approach in which mutations are identified
underlying disease traits through the generation
of informative mouse crosses followed by linkage
[82]
analysis . This is the converse of reverse genetics in
which a range of phenotypes are characterized for a
[83]
given genetic mutation . Reverse studies are easier
to conduct and are shorter in duration than forward
genetic studies, but can be hampered by inefficient
[83,84]
knockdown or genetic background effects
. In
addition, forward genetic screens are advantageous
as they are conducted without bias as to the types
of mutations detected, with mutations mapping
to genes that are often unlikely to be tested using
reverse genetic approaches and represent a spectrum
of mutations more likely to be detected in human
disease. Forward genetic studies typically use 4 distinct
types of mouse populations; F2, N2, recombinant
congenic mice (RCS) or recombinant inbred mice (RI),
often using more than one informative population.
Numerous non-inflammatory CRC and IBD sus
ceptibility loci have been mapped in mice using a
forward genetics approach and therefore, it is not
improbable to hypothesize that CA-CRC loci could be
identified using the same approach. These forward
genetic approaches are possible as inbred mice differ
with respect to susceptibility to all three of the above
diseases. Figure 2 summarizes the known IBD, CRC
and CA-CRC loci mapped using a forward genetics
approach. With respect to IBD, these loci have been
mapped using spontaneous (SAMP1/YitFC), chemical
-/-/-/(DSS, TNBS), genetic (Il-10 , Gnai , Gpx1/2 ) and
infectious (Helicobacter, Trichuris muris) models of
colitis, while non-inflammatory CRC loci have been
Min+/mapped using the Apc
mouse model of CRC
(mimicking FAP) and AOM (or the AOM precursor
[42,85-101]
dimethylhydrazine)-only models
. Despite
differences with respect to strains of mice tested and
models of disease induction used, these studies share
a common feature, i.e., each cross identified multiple
genetic loci regulating susceptibility and each locus
controls a small proportion of the phenotypic variation
(< 20%).
However, only 3 CA-CRC loci have been identified
(Figure 2). The first locus referred to as Hiccs,
regulates Helicobacter hepaticus-induced colitis and
[88]
CA-CRC susceptibility . This Helicobacter model
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however, is a poor recapitulation of human disease,
with mice developing lesions exclusively in the
proximal colon.
Our laboratory has also mapped two additional
loci that regulate CA-CRC susceptibility. To map these
loci, we first defined that A/J mice, contrary to B6
mice, were susceptible to AOM/DSS-induced CA-CRC.
Then, using forward genetics and (A/J X B6) F1 and F2
cohorts, we identified and mapped a novel A/J-derived
CA-CRC susceptibility locus to mouse chromosome 9,
centered around marker D9Mit67. This novel locus was
[78]
named Ccs4 . Further analyses of (A/J X B6) F2 mice
homozygous for A/J alleles at Ccs4 identified a second
locus on the distal part of mouse chromosome 14 (peak
marker rs13482311, 93.5 Mb) that acts to regulate
tumor susceptibility in an additive fashion with the
Ccs4 locus. F2 mice homozygous for A/J alleles at both
loci (Ccs4 and chromosome 14) are as susceptible to
CA-CRC as the A/J controls, while mice homozygous
for B6 alleles are as resistant as the B6 controls, thus
supporting the role of two loci in this CA-CRC model.
Two locus systems are rarely identified in human
GWAS studies, in part due to the low penetrance of the
second locus. The ability to detect such interactions
in mice provides a framework to search for such
associations in humans. In our studies, we also de
tected higher levels of inflammation in the resistant
B6 colons, suggesting that elevated inflammation
is not the primary driver of this differential CA-CRC
susceptibility. It is interesting to note that an unrelated
locus on chromosome 3, namely Ccs3, is the primary
driver of AOM-induced CRC susceptibility in these same
strains, suggesting that these CRC loci may be specific
[102]
to CA-CRC . The success of this initial genetic screen
has led us to hypothesize that other novel genetic
factors may also regulate susceptibility to CA-CRC in
different inbred mouse strains, which we are currently
assessing.

CONCLUSION
CA-CRC is a complex disease arising from a com
bination of dietary, lifestyle, microbial and genetic
factors. In addition, disease risk is tightly correlated
with severity, location and duration of colonic
inflammation (IBD). CA-CRC risk is increased in earlyonset IBD patients and this specific subset of IBD
patients is increasing in North America, suggesting
that CA-CRC may be a growing concern for future
[103]
generations
. It has been well established that
various reverse genetic approaches are ideal for iden
tifying genes associated with increased inflammation
and subsequent CA-CRC. However, we have recently
shown that we can use forward genetics and the
common AOM/DSS model of CA-CRC to identify and
map novel loci regulating susceptibility to CA-CRC. By
identifying parental strains for mapping, discordant
with respect to their colitis and CA-CRC phenotype,
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we can increase the probability of identifying genetic
factors specific to CA-CRC and not factors associated
with increased colitis. Such loci can then be assessed
in human cohorts, with the hope of identifying patients
at high risk for colitis to CA-CRC transformation.
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Abstract
Low anterior resection can be a challenging operation,
especially in obese male patients and in particular
after radiotherapy. Transanal total mesorectal excision
(TaTME) might offer technical advantages over
laparoscopic or open approaches particularly for tumors
in the distal third of the rectum. The aim of this article is
to review the current experience with TaTME. The limits
and future developments are also explored. Although
the experience with TaTME is still limited, it might be
a promising alternative to laparoscopic TME, especially
for difficult cases where laparoscopy is too demanding.
The preliminary data on complications and short-term
oncological outcomes are good, but also emphasize the
importance of careful patient selection. Finally, there
is a need for large-scale trials focusing on long-term
outcomes and oncological safety before widespread
adoption can be recommended.
Key words: Transanal; bottom up; Transanal minimally
invasive surgery; Laparoscopy; Robotic; Outcomes;
Rectal cancer; Total mesorectal excision
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The current literature regarding transanal
total mesorectal excision of the rectum (TaTME) is
presented. Outcomes are encouraging. TaTME might be
a promising alternative to laparoscopic TME, especially
for difficult cases where laparoscopy is too demanding.
The limitations and future developments are explored.
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INTRODUCTION
Rectal adenocarcinoma remains one of the most
[1]
common cancers in developed countries . Its surgical
management has evolved in parallel over the past
century from open to minimally invasive surgery, then
from local resection to total mesorectal excision (TME),
and from abdominal to transanal approach.
The adoption of TME was a major step towards
[2]
better oncological outcomes , as were more precise
definitions of distal and circumferential resection
margins (CRM) and minimum number of harvested
[3]
lymph nodes . Indeed, achieving a good quality
of surgery is of paramount importance for rectal
[4]
resection . The interest to develop better surgical
techniques has therefore been continuously growing.
Whilst the safety of laparoscopy has been estab
[5-8]
lished in several randomized studies , Low anterior
resection (LAR) can be technically challenging,
especially in obese male patients, and in particular
after chemoradiotherapy due to scarring and distorsion
of anatomical planes. The risk of positive margins
has been reported to be significant after open or
laparoscopic surgery, particularly for low and anterior
[5,9]
rectal tumors .
In addition, in challenging patients, difficulties in
pelvic exposure and limitations of instrumentation can
affect not only dissection but also the preservation
of autonomic pelvic nerves and the achievement of
[10]
a restorative procedure . These unsolved problems
have led surgical innovators to explore the concept of
laparoscopy for low rectal cancers. Whilst some groups
have successfully employed the robotic approach to
[11,12]
reduce these risks
, there remains a paucity of
data regarding the superiority of robotics regarding the
oncological outcomes thus far.
Based on this, the concept of “bottom-up” or
transanal total mesorectal excision (TaTME) is attractive.
Whilst not novel, TaTME has benefited from the
previous experience with transabdominal-transanal
[13-15]
(TATA) operation
. Following the developments
of naturally orifice transluminal endoscopic surgery
(NOTES), transanal endoscopic microsurgery (TEM) and
transanal minimally invasive surgery (TAMIS), TaTME
has been reported as feasible and safe in several large
[16-23]
studies
. However, the real oncological impact of this
technique remains under scrutiny. The aim of this article
is to analyse the current experience with TaTME. The
limits and future developments are also explored.
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TECHNICAL CONSIDERATIONS
TaTME has been developed to overcome the inherent
limits of standard approaches, either open or
laparoscopic. Indeed, a laparoscopic LAR remains
particularly challenging, notably regarding exposure,
rectal dissection, and distal cross stapling of the
rectum. Starting with dissection from the perineum
seems to offer advantages, by avoiding distal cross
stapling in a narrow pelvis. The use of laparoscopic
staplers in this situation is difficult as multiple staple
firings across the low rectum increase potential for
[24]
anastomotic leak .
As mentioned, the concept to start the dissection
from the perineum is not new. Indeed, the TATA
approach has proven feasible and safe for many
[25]
years . However, the authors did not use either
minimally invasive instruments or a platform for the
transanal portion of the TATA procedure. TaTME might
therefore have advantages in terms of vision and
dissection due to utilisation of CO2 for insufflation.
Overall though, the global aims are the same, namely:
to increase the sphincter-saving rate, to reduce positive
margins, and to avoid low staple firing.
TaTME, like TATA, has the potential to define the
radial and distal margins more clearly. This might
be ideal in patients for whom a laparoscopic pelvic
dissection is difficult (male, obese, preoperative
radiotherapy, tumor located in the lower third of the
rectum), carrying a risk of inadequate oncological
[19]
clearance . With TaTME, distal margin is assessed
precisely from the beginning of the procedure. It
therefore has the potential to (1) improve resection
quality, and therefore clinical outcomes; and (2)
decrease the incidence of abdominoperineal resection
(APR), thereby improving sphincter preservation
[26]
rates .
From a technical point of view, a transanal pursestring suture below the tumor ensures an adequate
[27]
oncological distal margin will be achieved . This
approach has the advantage of providing excellent
visualization even in a narrow pelvis. It could facilitate
the dissection of the Denonvilliers fascia minimizing
injury to the prostate, seminal vesicles, or vagina. This
is especially true in anterior tumors, as they have a
high risk of positive CRM. It might also afford more
[18]
precise autonomic nerve preservation .
Currently, the majority of authors still use abdo
minal assistance. However, a purely transanal approach
[28-30]
is feasible, as reported by several groups
. A recent
systematic review found 10% of groups using a purely
[16]
[29]
NOTES approach . To illustrate, Chouillard et al
performed 62.5% of their cases without abdominal
assistance. However, if splenic flexure mobilization is
required, abdominal assistance seems appropriate. It
[31]
can be performed by single port also . The same is
[32]
true for the creation of a difunctioning ileostomy ,
which is better approached laparoscopically than
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Table 1 Transanal total mesorectal excision and peri-operative outcomes (case series with n ≥ 5)
Ref.

Conversion rate

Complications rate

LOS

Comment

Marks et al[25], 2010
Tuech et al[22], 2015
Han et al[39], 2013

Number of patients
79
56
34

ORT
NA
270
151.6

2.5%
7.3%
0

29.9%
26%
6 leaks

5
10
9

Rouanet et al[21], 2013

30

304

7%

14

Muratore et al[20], 2015
Atallah et al[17], 2014
Buchs et al[44], 2015
de Lacy et al[18], 2013
Chouillard et al[29], 2014
Wolthuis et al[43], 2014
Knol et al[40], 2015
Velthuis et al[42], 2013
Sylla et al[41], 2013

26
20
20
20
16
14
10
5
5

241
243
315.3
234
265
148
235
175
274.6

Intraop: 10%
Postop: 30%
26.9%
65%
30%
20%
18.8%
42.9%
10%
40%
60%

TATA approach
13 with low rectal tumors, 15 with upper
rectal tumors and 6 with sigmoid tumors.
Difficult patients (male, high BMI, CRM
threatened…)
3 benign cases
No readmission
No readmission
-

NA
NA
15%
0
6.25%
18%
0
0
0

NA
4.5
7
6.5
10.4%
8.8
6
NA
5.2

BMI: Body mass index in kg/m2; ORT: Operative time in minutes; LOS: Length of stay in days; NA: Not available; TATA: Transabdominal-transanal.

transanally. In cases of abdominal assistance, the
TaTME technique allows for working simultaneously
both from above and below. The operation is then
performed in the lithotomy position utilizing a team
approach (either metachronously or synchronously).
This can have at least one advantage, namely a
[19]
shorter operating time .
The TaTME approach allows for exteriorization
of the specimen transanally. However, transanal
extraction of the surgical specimen en bloc may not
always be possible, particularly in patients with a
narrow, deep pelvis, bulky mesentery, and constraints
imposed by other pelvic viscera, such as prostatic
[33]
hypertrophy . When possible, transanal extraction
avoids large abdominal extraction incisions and their
associated potential complications. A wound protector
is advised to minimize the risk of tumor spillage.

INITIAL EXPERIENCE
The use of minimally invasive instruments and new
platforms was inspired by NOTES and TEM/TAMIS.
The first experience demonstrated in cadaveric
[34]
models starting in 2007 by Whiteford et al was soon
[35,36]
followed by others
. These authors demonstrated
the feasibility of the concept, and recognized the
critical steps for this procedure. Three years later, the
[37]
first human clinical case was published . Although
the case was well selected (a female with low BMI
and a mid-rectum tumor), the proof of concept was
established, confirmed shortly thereafter by several
[28,30,38]
case reports and small case series
. More
recently, larger series have been published (Table
[17,18,20-22,25,29,39-44]
1)
, confirming their initial experience.
[22]
To illustrate, Tuech et al
recently published a
multicentre study, regrouping 56 TaTME patients.
They reported very good short-term (Table 1) and
pathological outcomes (Table 2). Interestingly, they
also reported their oncological outcomes. They found
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a local recurrence rate of 1.7% at 24 mo. For their
entire series, the overall survival rate was 96.4%
after a median follow-up of 29 mo. The estimated
5-year disease-free survival rate was 94.2%. Similar
oncological findings were reported by Muratore et
[20]
al . These results compared favorably to large TATA
[25]
series .
[21]
In another large published series, Rouanet et al
reported encouraging outcomes in difficult patients
(male, 54% overweight or obese, 83.3% CRM thr
eatened according to preoperative MRI, 96.7% with
neoadjuvant treatment). Despite this challenging
and unfavourable population, they showed good
peri-operative and pathological outcomes. Of note,
two cases of urethral injury were observed at the
beginning of the experience, emphasizing the need for
a significant learning curve and great caution when
performing dissection anteriorly. Finally, the overall
survival and disease-free survival rates were 80.5%
and 88.9% at 24 mo, in a high-risk population.
When assessing a new surgical technique for rectal
cancer, the pathological outcomes are of paramount
importance. A good quality TME specimen is essential,
as it remains an independent risk factor for local
[45]
recurrence . The majority of authors using TaTME
have reported excellent specimen quality and adequate
margins (Table 2).
It is quite clear that TaTME, regardless of the
specific equipment utilized, the performance of a
sequential or synchronous technique, the height of
the tumor, or the use of neoadjuvant therapy, seems
to influence the ability to achieve a complete or near[4]
complete TME , as confirmed in recent systematic
[3,16]
reviews
.

COMPARISON TO STANDARD TME
A logical next step was the comparison to standard
approaches. Recently, several studies evaluating
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Table 2 Transanal total mesorectal excision and pathological outcomes (case series with n ≥ 5)
Ref.
Marks et al[25]
Tuech et al[22]
Han et al[39]
Rouanet et al[21]
Muratore et al[20]
Atallah et al[17]
Buchs et al[44]
De Lacy et al[18]
Chouillard et al[29]
Wolthuis et al[43]
Knol et al[40]
Velthuis et al[42]
Sylla et al[41]

TME quality

Positive CRM

Distal margins

LN

NA
84% intact and 16% nearly intact
NA
100% good
88.5% complete
89.5% complete or nearly complete
94.1% intact and 5.9% nearly intact
100% satisfactory
100% intact
NA
90% intact
100% intact
100% intact

6.3%
5.4%
0%
13.3%
0%
5%
5.9%
0%
0%
NA
0%
0%
0%

1.9 cm
1 cm
2.43
0.9 cm
1.9 cm
5% positive
2.14 cm
2.6 cm
3.6 cm
NA
1.94 cm
0 positive
0 positive

11.4
12
12.9
13
10
22.5
23.2
15.9
21
NA
10.5
12
33

TME: Total mesorectal excision; CRM: Circumferential resection margins; LN: Lymph nodes; NA: Not available.

Table 3 Comparative studies and peri-operative outcomes
Ref.

Number of patients

ORT

Conversion rate

Complications rate

LOS

Readmission

Denost et al[46], 2014

50 lap TME
50 Perineal TaTME1
37 lap TME
37 TaTME
25 lap TME
25 TaTME

263
240
252
215
NR

10%
4%
0
0
NR

44%
32%
51%
32%
NR

8
7
9
6.8
NR

NR

Fernandez-Hevia et al[19], 2015
Velthuis et al[23], 2014

22%
6%
NR

1

Perineal dissection. No use of laparoscopic instruments. Lap: Laparoscopy; TaTME: Transanal total mesorectal excision; ORT: Operative time in minutes;
LOS: Length of stay in days; NR: Not reported.

Table 4 Comparative studies and pathological outcomes
Ref.
Denost et al[46]
Fernandez-Hevia et al[19]
Velthuis et al[23]

Group

TME quality

Positive CRM

Lap TME
Perineal TaTME1
Lap TME
TaTME
Lap TME
TaTME

62% complete
70% complete
94.6% complete
91.9% complete
72% complete
96% complete

18%
4%
0
0
8%
4%

Distal margins
1 cm
1 cm
1.7 cm
2.8 cm
2.5 cm
2.3 cm

LN
17
17
14.7
14.3
13
14

1

Perineal dissection. No use of laparoscopic instruments. Lap: Laparoscopy; TaTME: Transanal total mesorectal excision; CRM: Circumferential resection
margins; LN: Lymph nodes.

TaTME in comparison to laparoscopic TME have been
published (Tables 3 and 4).
[46]
Lately, Denost et al published a randomized trial,
comparing standard laparoscopic TME with perineal
transanal TME for low rectal cancer (< 6 cm from
the anal verge). In contrast to other groups, they
performed the perineal dissection using traditional
instruments rather than laparoscopic instruments.
While they recognized that TEM equipment was an
option, they did not need special platforms. Although
it was not sensu stricto a TaTME, this experience
confirmed the proof of concept, demonstrating that
starting from the perineum has some advantages.
They showed that the positive CRM rate was reduced
in the perineal group (4% vs 18% for standard TME;
p = 0.025). After multivariate analysis, the abdominal
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dissection was the only independent factor of positive
CRM. Furthermore, the quality of the TME specimen
was similar in both groups. In addition, the rate of
anastomotic leakage (2% vs 10%), the operative time
(240 min vs 263 min) and the conversion rate (4% vs
10%) were decreased in the perineal group compared
with the abdominal group. These differences did not
reach the level of statistical significance.
In a recent case-matched series, Fernández-Hevia
[19]
et al
proffered interesting results. They compared
37 laparoscopic TME resections with 37 transanal
endoscopic TME resections. Overall they showed
better short-term outcomes following TaTME, with
a shorter operative time (minus 37 min; p < 0.01),
a shorter hospital stay (minus 2.2 d; p = 0.1), and
less readmission (6% vs 22% for standard TME; p
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Table 5 Robotic transanal total mesorectal excision
Ref.

Number of
patients

ORT

Huscher et al[51], 2015

7

165.7

Gomez Ruiz et al[50], 2015
Atallah et al[48], 2014

5
3

398
376

Atallah et al[49], 2013
Verheijen et al[52], 2014

1
1

381
205

Complications

LOS

1 rectal bleeding, requiring
blood transfusion
1 anastomotic leak
Pulmonary embolism, stoma
high output
0
0

4.8
6
4.3
3
3

Comments
Negative margins, 6 complete and one nearly
complete TME
Negative margins, complete TME
All complete or nearly complete TME. Negative
margins
Negative margins, nearly complete TME
Negative margins, complete TME

ORT: Operative time in minutes; LOS: Length of stay in days.

= 0.03). The TaTME group tended to present less
complications as well (32% vs 51%), although this did
not reach statistical significance (p = 0.16). Regarding
anastomotic leak, there was a trend in favour of
TaTME group (5% vs 11%, p = 0.39). Finally, with
the exception of a longer distal margin (overall + 1.1
cm; p < 0.01), the transanal group showed similar
pathological data.
[23]
In further case-matched study, Velthuis et al
focused on pathological outcomes. They showed
some advantages for the TaTME approach with 96%
of patients having a complete TME specimen, while in
the laparoscopic group, only 72% presented an intact
specimen (p < 0.05). The difference is even more
obvious when considering abdominoperineal excision
(83% vs 33%). There were less positive CRMs in the
TaTME group (4% vs 8%), although the difference was
not statistically significant.
Overall achievement of oncological resection
principles is confirmed by an identical number of
lymph nodes harvested in both groups and by similar,
if not better, R0 rate after TaTME (Table 4). The same
is reported for the quality of TME. Better short-term
outcomes might also be expected. So far however, the
differences have not reached statistical significance.
This could be accounted for by small sample sizes.
Nonetheless, these results are promising and should
motivate further research.

ROLE OF ROBOTICS
One feature robotic technology offers the surgeon is a
3-dimensional (3D) view. It is thought that this could
provide advantages in terms of more accuracy during
dissection. Others have also reported the use of 3D
[19]
laparoscopic camera with success . However, beyond
the quality of vision, the interest of robotics is more
associated with the manoeuvrability of the instruments
and the stability of the platform. After initial successful
[47]
cadaveric experience , published data regarding
the clinical use of robotics for TaTME are encouraging
[48-52]
albeit limited (Table 5)
. Of note, the use of robotic
technology in this situation might restrict the possibility
to work simultaneously from the abdomen and the
perineum (concept of a two-team approach), which
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might have been a source of time saving. Regarding
this experience, the feasibility has been established.
Although the number of patients remains limited, the
safety seems to be similar as standard TaTME. Real
advantages are still hypothetical but robotic technology
might help to overcome the steep learning curve,
which seems to be associated with TaTME. New singlesite surgery platforms are awaited. They may facilitate
[53]
docking and transanal access .

LIMITS AND FUTHER DEVELOPMENTS
New technique, new complications?

When any new surgical technique is adopted, safety
is of paramount importance. Whilst an increase
in complication rates could be anticipated at the
beginning of the learning curve, the global safety
has to be guaranteed. However, as it was previously
[54,55]
shown for other procedures or technique
, the
risk of encountering new or unexpected types of
complications is real. Whilst the safety profile of TaTME
seems at least similar to the standard approach, the
risk of local abscess or collection formation needs to be
[56]
emphasized. Indeed, Velthuis et al
found a positive
pelvic culture in 39% of patients during TaTME. Of
these, four (44%) developed presacral abscesses. The
remainder of the cultures were negative with none of
these patients developing infectious complications.
On the other hand, pelvic collection (or anastomotic
leak) does not seem to be over-reported in the current
literature. Meticulous washout is therefore advocated
before and during the procedure, especially before the
rectotomy.
One of the most common complications re
ported was urinary retention and transient urinary
[41]
dysfunction. Sylla et al found 2 patients with urinary
dysfunction (40% in their pilot study). Urodynamic
testing one month postoperatively demonstrated
minimal detrusor activity consistent with a neurogenic
bladder. These data were confirmed on a smaller
[22]
scale by Tuech et al ; 5 patients presented transient
urinary dysfunction (8.9%). This was corrected at 3
mo. On the other hand, in their randomized study,
[46]
Denost et al
did not find any statistical differences
between perineal and abdominal dissection in terms
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of urological complications (6% vs 10%, p = 0.715).
It is therefore worthwhile mentioning the risk of
[21]
urethral lesions as TaTME may result in an increased
incidence of urethral injury, especially at the level of
the post-prostatic urethra and particularly in the setting
[26]
of anterior tumors, and prior pelvic irradiation . It is
worthwhile mentioning that this complication rarely, if
ever, occurs for standard TME.
Finally, pneumopelvis is worthy of mention, as an
[26]
aid during dissection. Atallah
has noted that CO2
might also show areolar planes beyond the scope of
dissection thus leading the surgeon astray. This could
occur in two distinct areas: (1) laterally, at the level of
the mid rectum; and (2) posteriorly, at the level of the
mid and upper rectum, placing the operating surgeon
in a plane that is “too deep”, thereby entering the presacral space. Going off plane can result in inadvertent
injury to both pelvic sidewall autonomic nerves and
the sacral venous plexus posteriorly, resulting in
[26]
haemorrhage .

Oncological outcomes

Oncological outcomes for TaTME are scarcely reported.
Preliminary data seem encouraging though. Indeed,
in one of the largest series of 56 consecutive patients,
[22]
Tuech et al
found a local recurrence rate of 1.7%
at 24 mo. After a median follow-up of 29 mo, the
overall survival rate was 96.4%. The estimated 5-year
disease-free survival rate was 94.2%. These results
[20]
were substantiated by Muratore et al , showing an
overall survival and disease-free rate of 92.3% after
a mean follow up of 21 mo. In addition, they did not
report any local recurrence. Even when assessing high[21]
risk patients, Rouanet et al found an overall survival
and disease-free survival rate of 80.5% and 88.9% at
24 mo respectively.
A word of caution though: the risk of poor outcomes
should be mentioned, especially when dealing with
[21]
locally advanced tumors. In their series, Rouanet et al
have dealt with 23% of patients presenting an initial
T4 tumor. In these circumstances, there is a significant
risk of worse pathological and oncological outcomes.
[19,44,46]
The most recent studies
have reported a low
rate of preoperative T4 patients. For these challenging
patients, it is still not clear which approach is the most
appropriate.
Finally, long-term follow-up is required before
drawing definitive conclusions regarding the oncological
safety of TaTME. Preliminary data are promising though,
[8,57]
and at least as good as the standard approach
.

Functional outcomes

In tandem with oncological safety, the issue of
functional outcomes should be addressed. Poor
function can be attributed to a combination of factors:
the increased rate of coloanal anastomosis, partial
sacrifice of the internal anal sphincter, and the anal
stretch during TaTME. To date, functional outcomes
have been poorly investigated but TME experience
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may yield some clues. Indeed, at least one third of the
TME patients might present some degree of temporary
[58]
incontinence . On the other hand, the extrapolation
of these results to TaTME is hypothetical, especially in
a population where the rectum has been removed.
[21]
Rouanet et al showed that at 12 mo after stoma
closure, 40% of patients were fully continent, 15%
reported incontinence to liquids, 35% to gas, and 25%
[17]
had stool fragmentation. Atallah et al
confirmed
these results and showed that most of the patients
had mild fecal incontinence 8 wk after ileostomy
closure. Only one patient presented a life-style-limiting
incontinence. In their large multicenter study, Tuech
[22]
et al
found 3 patients (5.7%) requiring definitive
colostomy because of severe fecal incontinence after
inter-sphincteric resection with coloanal anastomosis.
In addition, 28% of their studied group reported stool
fragmentation and difficult evacuation.
Finally, in sexually active patients, this French group
found 66.6% patients with unchanged ejaculation
and 11.2% with failure to ejaculate. Impotence was
[22]
reported in 11.2% of males . These data are in
[59,60]
accordance with the standard approach
.

What next?

While promising, it is imperative to raise a note
of caution: clearly, only high-volume centres with
technically adept, minimally invasive surgeons can
[4]
produce these results . There is a need to continue
to develop and collaborate in an international registry,
collecting relevant and high quality data on transanal
rectal resection surgery for benign and malignant
pathology. This will allow for safe and responsible
introduction of a new technology. It may also be a
[10]
driver for further research and multicentre studies .
Recently, the TaTME registry was launched. It is a
voluntary database with online access through the
LOREC (Low Rectal Cancer Development Program)
[10]
portal (http://www.lorec.nhs.uk) .
Currently, the main open questions can be
categorized as follow: (1) How to overcome the
technical limitations? (2) Who are the best candidates
(selection criteria)? (3) What are the long-term
outcomes (oncological and functional)? (4) How to
teach this technique? (5) What are the pre-requisite
skills for the surgeon? What is the learning curve?
(6) What are the associated costs? and (7) Should
everyone be doing it (i.e., is there a minimum case
volume)?
From a technical point of view, the current platforms
are not ideal and relatively unstable. The introduction
of Airseal (SurgiQuest) might help to overcome two
technical problems: (1) excessive plumes of smoke
which obscure the operative field of view; and (2)
“bellowing” or collapse and re-expansion of the pelvis
[26]
with the cycling of CO2 . The experience with TAMIS
was encouraging, allowing maintenance of a stable
[61]
pneumopelvis . However, this technology has a cost
and no comparative studies are currently available de
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monstrating clear objective advantages over standard
platforms.
As for laparoscopic LAR, the assessment of CRM
is still challenging during TaTME. Developments of
intra-operative navigation and augmented reality are
both new and interesting fields. Recently, stereotactic
[62]
navigation has been tested for TaTME , to ensure
R0 resection. This might be particularly relevant for
locally advanced tumors. The accuracy was reported to
be ± 4 mm. This technology seems to have potential,
especially when applied to pelvic and fixed abdominal
[63]
[64,65]
organs , as it was reported for liver surgery
.
A fully NOTES procedure might be the final step.
It has already been reported as feasible and safe by
[28-30]
others
. The main technical advantage of NOTES
is the absence of abdominal scars, conferring a
cosmetic benefit. In addition, a reduction in pain and
incision-related complications might be expected too.
This said, the splenic flexure mobilization and the
stoma formation are probably best performed by an
abdominal approach.
The question of selection criteria is probably the
most crucial and will continue to animate debate.
[21]
Even in very difficult patients, Rouanet et al showed
comparable results. Although the risk of positive
CRM was slightly higher than expected (13.3%), it
is worthwhile noting that they are still comparable to
[5,8]
previous data (COLOR Ⅱ study: 9%-22%) .
According to Atallah, the best suited surgical
[33]
candidates are those : (1) considered difficult to
approach from above; and (2) who have a distal rectal
tumor, and who are not candidates for local excision.
Several local anatomical and pathological factors
may also favour TaTME. These include male gender,
locally advanced rectal cancer, tumors in the distal
third of rectum, narrow and/or deep pelvis, visceral
obesity, prostatic hypertrophy, large tumor diameter,
and distorted tissue planes due to neoadjuvant
[33]
radiotherapy . On the other hand, at least at the
beginning of the experience, a locally advanced tumor
should be avoided.
Of note, this technique can also be utilized for benign
disease, particularly at the beginning of the learning
curve. Examples include completion proctectomy for
ulcerative colitis or complicated rectovaginal fistulae.
As mentioned, long-term (oncological and func
tional) outcomes are awaited. There remains little
information regarding the ileostomy closure rate and the
[16]
occurrence of late anastomotic strictures . In addition,
while preliminary experience of TaTME in comparison to
standard LAR is promising, data remains scarce. There
is still a clear need for an RCT, and more multicenter
series. Again, the need for an international registry is
reiterating.
There is definitively a learning curve. It may be
steep. Whilst extensive experience with TEM/TAMIS
and LAR is a prerequisite, there are no data evaluating
[66]
this learning curve so far. As for robotic surgery ,
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there is a gap between the will to teach a specific
technique and the practical aspects to integrate this
new training in the curriculum. Many advocate animal
and/or cadaveric training prior to attempting the
[16]
procedure . Dedicated courses need to be developed.
Our preliminary experience with hands on cadaver
courses has been encouraging, allowing trainees to
perform several successful TaTMEs. Finally, mentoring
might also form part of the curriculum.
The cost effectiveness of this new technique is
unknown. The direct costs might be higher than the
standard approach for variety of reasons: a 2-team
procedure requires more staff, more equipment,
and personnel familiar with (and trained to use)
new devices. However, if the short- then long-term
outcomes are confirmed to be better after TaTME,
the indirect costs could be in favour of TaTME. This
assertion currently remains hypothetical requiring
larger dedicated studies.

CONCLUSION
Although the experience with TaTME remains limited, it
presents a promising alternative to laparoscopic TME,
especially for difficult cases where laparoscopy is too
demanding. The preliminary data on complications and
short-term oncological outcomes are good. They also
emphasize the importance of careful patient selection.
Finally, there is a need for large-scale trials focusing
on long-term outcomes and oncological safety, before
widespread adoption can be recommended.
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Abstract
For two decades Vogelstein’s model has been the
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paradigm for describing the sequence of molecular
changes within protein-coding genes that would lead
to overt colorectal cancer (CRC). This model is now
too simplistic in the light of recent studies, which have
shown that our genome is pervasively transcribed in
RNAs other than mRNAs, denominated non-coding
RNAs (ncRNAs). The discovery that mutations in genes
encoding these RNAs [i.e. , microRNAs (miRNAs), long
non-coding RNAs, and circular RNAs] are causally
involved in cancer phenotypes has profoundly mo
dified our vision of tumour molecular genetics and
pathobiology. By exploiting a wide range of different
mechanisms, ncRNAs control fundamental cellular
processes, such as proliferation, differentiation,
migration, angiogenesis and apoptosis: these data
have also confirmed their role as oncogenes or tumor
suppressors in cancer development and progression.
The existence of a sophisticated RNA-based regulatory
system, which dictates the correct functioning of
protein-coding networks, has relevant biological and
biomedical consequences. Different miRNAs involved in
neoplastic and degenerative diseases exhibit potential
predictive and prognostic properties. Furthermore, the
key roles of ncRNAs make them very attractive targets
for innovative therapeutic approaches. Several recent
reports have shown that ncRNAs can be secreted by
cells into the extracellular environment (i.e. , blood
and other body fluids): this suggests the existence
of extracellular signalling mechanisms, which may be
exploited by cells in physiology and pathology. In this
review, we will summarize the most relevant issues on
the involvement of cellular and extracellular ncRNAs
in disease. We will then specifically describe their
involvement in CRC pathobiology and their translational
applications to CRC diagnosis, prognosis and therapy.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: For many decades the predominant view of
molecular functioning of organisms stated that proteins
represent the main regulators of genomes and their
dysfunctions were the first cause of diseases. This
protein-centred view was too simplistic to explain
the complexity of cancer. In the last few years many
studies have revealed that about 85% of our genome
is pervasively transcribed, mainly as non-protein-coding
RNAs (ncRNAs). The discovery of countless molecular
alterations of ncRNAs related to cancer changed the
paradigms of cancer biology. In this review, we report
recent advances in the discovery of ncRNAs involved
in Colorectal Cancer pathobiologies, and their potential
applications in diagnosis, prognosis and therapy.
Ragusa M, Barbagallo C, Statello L, Condorelli AG, Battaglia
R, Tamburello L, Barbagallo D, Di Pietro C, Purrello M. Noncoding landscapes of colorectal cancer. World J Gastroenterol
2015; 21(41): 11709-11739 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i41/11709.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i41.11709

INTRODUCTION
[1]

Although Jacob and Monod had suggested in 1961
the centrality of RNA in the flow of genetic information,
for many decades the most predominant view
remained that proteins represent the main regulatory
components of the genome. This “protein-centred”
view is indeed simplistic and may be misleading when
applied to higher organisms. Recent studies have
suggested that there are about 20000 protein-coding
genes in the human genome: this is very close to the
[2,3]
number of protein-coding genes in C. elegans . Such
observations suggest that these genes alone are not
sufficient to appropriately explain the complexity of
[4,5]
higher eukaryotes such as mammals and primates .
An analogous remark may be made on the model
proposed by Fearon and Vogelstein, which describes
colorectal cancer (CRC) pathogenesis as a sequence
of mutations in protein-coding genes: this model has
been the paradigm of CRC pathological evolution and
has provided a framework for many other cancer
[6-8]
studies . However, over the years many observations
have shown that this model is not able to recapitulate
the complexity and heterogeneity of CRC (in vitro, but
[9,10]
especially in vivo)
. Recent high-throughput studies
of the human transcriptome have revealed that about
85%-90% of our genome is dynamically and pervasively
transcribed, mostly as non-protein-coding RNAs
[5,11,12]
(ncRNAs)
. In the last decade, many observations
have convincingly suggested that ncRNAs significantly
contribute to the complex molecular signalling needed
to regulate structures and functions in different cells
[13,14]
and developmental contexts
. Accordingly, their
dysregulation strongly contributes to the onset and
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[15-17]

progression of many pathological conditions
. The
discovery of molecular alterations of ncRNAs, related
to neoplastic phenotypes, has initiated a shift in the
paradigms of cancer biology and has profoundly
[18-20]
influenced our understanding of tumour genetics
.
Moreover, several reports have shown that ncRNAs
can be secreted by cancer cells into biological fluids,
potentially spreading oncogenic signals to other cells:
this suggests that cancers may exploit RNA-based,
hormone-like mechanisms to advantageously mold
[21,22]
their extracellular environment
. In this review, we
will describe recent advances in the discovery of the
involvement of ncRNAs in CRC pathobiology, analyzing
the contribution of different species of ncRNAs (both
cellular and extracellular), their participation to CRC
progression and dissemination, and their applications in
diagnosis, prognosis and therapy.

NON-CODING RNAS: MANY SIZES AND
FEATURES TO PERFORM MULTIPLE
FUNCTIONS
It is not precisely known how many ncRNA genes
are present in the human genome. ncRNA genes
are difficult to identify because of their structural
heterogeneity: (1) extreme length variation from
20 nucleotides to > 100 kb; (2) absence of Open
Reading Frames (ORFs); (3) no or low evolutionary
conservation in many cases; (4) no preferential
localization within the genome; and (5) relative
[23,24]
tolerance to point mutations
. The most common
(and approximate) classification of ncRNAs is based
[25,26]
on their length
. It divides them into two classes:
(1) long non-coding RNAs (lncRNAs), which are longer
than 200 nucleotides (nt); and (2) small non-coding
RNAs, whose length is equal to or less than 200 nt [i.e.,
microRNAs (miRNAs), small interfering RNAs (siRNAs),
PIWI-interacting RNAs (piRNAs). Other classifications
have been proposed to categorize ncRNAs. They can
be divided into two classes according to functional
features: (1) housekeeping ncRNAs; and (2) regulatory
ncRNAs. Housekeeping ncRNAs are constitutively
expressed in all cells for their physiological functioning:
they include transfer RNAs (tRNAs), ribosomal RNAs
(rRNAs), small nuclear RNAs (snRNAs), small nucleolar
[27,28]
RNAs (snoRNAs), and telomerase RNAs
. On the
other hand, regulatory ncRNAs can be expressed
in a cell-specific way, or during defined stages of
development and cell differentiation, and finally
[29,30]
in response to external stimuli
. This category
comprises miRNAs, siRNAs, lncRNAs (i.e., the RNA
molecules more closely involved in cancer biology), and
[31,32]
piRNAs
. It is remarkable that many ncRNAs share
features that could allow their assignment to multiple
categories, thus eluding systematic classification (for
instance: trans-spliced transcripts encompassing huge
[33]
genomic regions) .
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SMALL NON-CODING RNAs
This class of ncRNAs includes different types of
molecules involved in different steps of RNA synthesis,
processing, translation, as well as modulation of
transcription initiation [i.e., piRNAs, promoterassociated small RNAs (PASRs)], RNA degradation or
protein synthesis block (e.g., miRNAs, siRNAs), RNA
[34,35]
maturation (e.g., snoRNAs)
. Among these RNAs,
miRNAs represent the most studied class of ncRNAs:
they have also been shown to be tightly associated
[36,37]
with neoplastic phenotypes, especially CRC
.

MiRNAs

Originally discovered by Victor Ambros in Caenorhabditis
elegans, miRNAs are 18-25 nucleotides long, evo
[38]
lutionary conserved, single-stranded RNAs . They are
processed from larger precursors through sequential
cleavage by two RNase Ⅲ-like enzymes: Drosha (in the
nucleus) and Dicer (in the cytoplasm). By interacting
with the protein Ago2, one strand of the resulting
duplex can associate with the RNA-induced silencing
complex (RISC). In most cases, these miRNAs-RISC
complexes target specific mRNA molecules binding to
their 3’ untranslated regions (UTRs), which may lead to
[39,40]
translational repression or cleavage of the mRNAs
.
The former effect may be due to interference with
mRNA cap recognition, inhibition of mRNA interaction
with the ribosomal subunit during translation initia
tion, or increased rate of ribosome drop-off during
elongation. Degradation is instead mediated by mRNA
[41,42]
decapping and deadenylation
. Currently, over
2000 human miRNAs have been identified by cloning
and sequencing approaches. It is predicted that miRNA
genes account for 1%-2% of the human genome and
control the expression of at least 50% of all protein[43]
coding genes . MiRNAs regulate fundamental
cellular processes, such as cell proliferation, differ
entiation, migration, angiogenesis and apoptosis:
accordingly, they are considered potential oncogenes
or tumor suppressors in cancer development and
[44,45]
progression
. The discovery of miRNA dysregulation
or mutations, etiopathogenetically related to neoplastic
phenotypes, has provided new perspectives for the
study of complex gene regulatory networks in CRC and
[46-48]
other tumours
.

LONG NON-CODING RNAs
Long non-coding RNAs are the broadest and most
heterogeneous class of non-protein-coding RNAs:
their length is greater than 200 nucleotides, frequently
reaching up to 100 kb. They include transcripts
that may: (1) be located in intergenic regions [long
[49]
intergenic non-coding RNAs (lincRNAs)] ; (2)
[50]
lie within introns of protein coding genes ; (3)
partially overlap UTRs or promoters of protein coding
[51,52]
genes
; (4) be transcribed from pseudogenes and
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control the expression of their protein-coding functional
[53]
paralogs ; and (5) be transcribed ultra-conserved
regions (tUCRs), which are highly evolutionarily
conserved and may be located in intra- or in intergenic
[54]
regions . Several thousand putative lncRNAs have
been already identified and shown to be expressed
[55,56]
in a developmental and tissue-specific manner
.
Recent results have convincingly suggested the in
volvement of lncRNAs in a wide spectrum of biological
processes, such as cell-cycle regulation, stemness,
[57-59]
differentiation, and apoptosis
. Unlike miRNAs,
which repress gene expression through a common
mechanism involving RISC complexes, lncRNAs exhibit
a broad range of mechanisms of action through which
they are involved in the modulation of epigenetic
regulation, alternative splicing, and protein localization
and activity. It is probable that these functions are
due to the ability of lncRNAs to bind DNA, other RNAs
and proteins. LncRNAs can also serve as decoys,
which preclude the access to the DNA of regulatory
proteins and prevent transcription of specific genes
[60,61]
(e.g., lncRNA Gas5, DHFR)
. Many lncRNAs are
associated with polycomb repressive complex-2 (PRC2)
or other chromatin-modifying complexes, which
modulate epigenetic silencing of target genes (e.g.,
[62,63]
HOTAIR)
. LncRNAs can serve as scaffolds to bring
two or more proteins into functional complexes (i.e.,
[64]
telomerase RNA TERC) , or are required to properly
[65]
localize protein complexes . A subset of ncRNAs,
named Telomere-associated ncRNAs (telomeric repeatcontaining RNA, TERRA), negatively regulates telomere
[66]
length presumably by inhibiting telomerase activity .
LncRNAs may be processed into smaller ncRNAs (e.g.,
[67]
MALAT1) ; pseudogene transcripts can be processed
into siRNAs that regulate protein coding genes through
[68]
RNA interference (RNAi) . By targeting RNAs through
direct sequence complementarity, lncRNAs may also
operate as antisense molecules against their targets and
modulate alternative splicing events (e.g., antisense of
ZEB2), or increase the stability of mRNAs by hiding their
[51,69]
miRNA binding sites (e.g., BACEAS)
. Circular RNAs
(circRNAs) belong to an odd, but extremely interesting
class of lncRNA molecules, which has been recently
described. CircRNAs can act as natural miRNA sponges
to lower miRNA levels: accordingly, they perform
a critical role modulating the connection between
[70]
genotype and molecular phenotype . Dysregulation
of lncRNAs has been documented for many complex
human diseases, including cancer. Dozens of lncRNAs
have been reported to have altered expression in
neoplasia and to be controlled by specific oncogenic and
[71,72]
tumor suppressor pathways
. These observations
strongly suggest that lncRNAs could be added to the list
of proto-oncogenes and tumor suppressors, as suspects
potentially involved in oncogenesis. Accordingly, they
might also be considered as potential biomarkers and
targets for novel therapeutic approaches in neoplastic
diseases.
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MULTIFACETED NON-CODING RNA
LAYERS CONTROL THE COLORECTAL
CANCER GENOME
MiRNAs perform key roles in CRC initiation and
evolution

Since the original discovery connecting miRNAs
[73]
to Chronic Lymphocytic Leukemia , researchers
have convincingly demonstrated that miRNAs play a
critical role in cancer. MiRNA oncogenic activity can
be tissue-specific. Altered miRNA expression plays
an etiological role in the initiation and progression
of colon cancer: global miRNA expression patterns
can discriminate between normal tissues and CRC
tissues more efficiently than mRNA expression
patterns. Furthermore, several investigations have
shown the ability of miRNA expression patterns to
improve diagnosis of poorly differentiated tumours
and predict prognosis in CRC (see next paragraph in
[74]
this review). In 2003, Michael et al
published the
first study on miRNAs in CRC: they identified miR-143
and miR-145 as novel dysregulated miRNAs in colon
cancer. Since then, the literature on miRNAs in CRC
has grown considerably. This paragraph will provide
an overview of the etiological connection between the
molecular functions of miRNAs and CRC pathobiology.
The first discovered CRC-related miRNAs, miR-143
and miR-145, act as tumor suppressor genes and
are downregulated in CRC compared with normal
[74,75]
colonocytes
. miR-143 targets KRAS (Kirsten
Rat Sarcoma Viral Oncogene Homolog) and MACC1
(metastasis-associated in colon cancer-1), thus playing
an important role in the regulation of EGFR (epidermal
growth factor receptor) and HGFR (hepatocyte growth
[76,77]
factor receptor) signalling
. Both miR-143 and
miR-145 modulate CRC cell proliferation: transfection
of DLD-1 and SW480 cells with premiR-143 and
[78]
premiR-145 reduced cell proliferation . MiR-145
indirectly promotes angiogenesis by binding p70S6K1
mRNA and inhibiting its translation: downregulation
of p70S6K1 increases the levels of two proangiogenic
factors, HIF1 (hypoxia-inducible factor 1) and VEGF
[79]
(vascular endothelial growth factor) . MiR-145
also targets the oncogene MYC (v-Myc avian mye
locytomatosis viral oncogene homolog), reducing its
expression: this explains mR-145-dependent inhibition
[80]
of cell proliferation in vivo and in vitro . MiR-21 is
the most commonly upregulated miRNA in cancer,
[81]
including CRC . There are many notable downstream
effects of elevated miR-21 levels: its genetic locus
[82,83]
at 17q23 is amplified in many solid tumours
;
its expression is stimulated by a variety of cancerassociated phenomena, such as inflammation and
[84-86]
hypoxia
. MiR-21 targets various tumor suppressor
genes, such as PDCD4 (programmed cell death 4),
CCL20 [chemokine (C-C motif) ligand 20], CDC25A
(cell division cycle 25 homolog A), PTEN (phosphatase
and tensin homolog), thus promoting cell proliferation,
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invasion/intravasation/metastasis in CRC
.
In addiction to miR-21, many other miRNAs can be
[91]
induced in cancer cells under hypoxic conditions . In
this group of so called “hypoxamir” there is miR-210,
which can mediate the hypoxia-induced metastasis of
[92]
CRC cells . MiR-210 is frequently up-regulated in CRC
[92,93]
tissues, 2D, and 3D cultures
. Its enforced
expression in CRC cells promotes the migration and
invasion through the repression of its target VMP1
[92]
(vacuole membrane protein 1) . Several investigations
[94,95]
reported miR-31 upregulation in CRC
. Over
expression of miR-31 in CRC cells promotes cell pro
liferation, invasion, and migration in in vivo and in vitro
models. Likely, its oncogenic functions are due to
targeting of SATB2 (SATB homeobox 2) mRNA, which is
followed by SATB2 mRNA and protein downregulation,
and by targeting E2F2 (E2F Transcription Factor 2): in
turn, E2F2 controls the expression of survivin and other
cell cycle genes, such as CCNA2 (Cyclin A2), CDK2
(cyclin-dependent kinase 2), MCM4 (minichromosome
[96,97]
maintenance complex component 4), and MYC
.
Notably, members of the E2F family may have a dual
function: it has been hypothesized that they may act as
oncogenes when they are overexpressed and as tumor
[96]
suppressors when they are downregulated . MiR-31
also targets RASA1 (RAS p21 GTPase activating protein
1) and inhibits its translation, activating the KRAS
[98]
signalling pathway . One of the most known oncogenic
miRNA clusters in CRC is the miR-17-92 cluster. It
consists of six members (miR-17, miR-18a, miR-19a,
miR-19b, miR-20a, and miR-92a) with oncogenic
[99]
functions, all upregulated in CRC . MiR-18a and
miR-19 promote angiogenesis by targeting TSP-1
(thrombospondin-1) and CTGF (connective tissue
[100,101]
growth factor) mRNAs, respectively
. Interestingly,
different miR-17-92 cluster members can modulate cell
proliferation in opposite ways. MiR-19a and miR-19b
induce proliferation by acting on PTEN, whereas miR18a has antiproliferative effects due to its target genes
that activate proliferation, such as NEDD9 (neural
precursor cell expressed, developmentally downregulated 9) and CDK19 (cyclin-dependent kinase
[102]
19)
. MiR-17 and miR-20a target E2F1 (E2F trans
cription factor 1), whereas miR-20a represses E2F2 and
[103]
E2F3 (E2F transcription factor 3) . Among miR-17-92
cluster members, only miR-92a has antiapoptotic
effects: a negative correlation has been described
between miR-92a and BCL2L11 (BCL2-like 11), a proapoptotic BCL-2 (B-cell CLL/lymphoma 2) protein family
[101]
member . Among miR-17-92 cluster members, miR18a seems to act as a tumor suppressor in CRC: some
studies have shown that this miRNA can affect cell
proliferation by inhibiting CDC42 (cell division cycle
[103]
42)
, or can promote apoptosis causing hnRNPA1
(heterogeneous nuclear ribonucleoprotein A1)
[104]
autophagosomal degradation . CDC42 is a small Ras[105]
related GTPase involved in cell cycle progression
,
[106]
transendothelial migration through β1 integrin , cell
[107]
motility and cytoskeletal remodelling
. The let-7
family is one of the most ancient and conserved group
[108]
of miRNAs : they act as tumor suppressors in various
[109-111]
cancer models, including CRC
. The let-7 family
owes its name to the lethal-7 gene, identified for the
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first time in C. elegans, where it is involved in de
velopment. Later, the same sequence was detected in
the genome of Drosophila melanogaster and Homo
sapiens, confirming that mature let-7 is highly
conserved across animal species. However, the number
of members of this family varies in different species: the
let-7 family in humans includes 10 mature miRNAs
[112]
produced from 13 precursor sequences
. Several
studies have demonstrated that the let-7 family
regulates KRAS expression in CRC and other cancer
[111-114]
types
. KRAS is a small monomeric GTPase,
involved in signal transduction of stimuli activating
[115]
proliferation . KRAS mutations or amplifications are
[116]
frequently detected in CRC patients
: they are
considered a key step in colorectal carcinogenesis
[6]
according to the model proposed by Vogelstein .
Moreover, KRAS mutation status is a negative predictive
factor of the response to anti-EGFR therapy (i.e.,
[117]
Cetuximab) . It has been reported that let-7b and let7e were downregulated after Cetuximab treatment in a
Cetuximab-resistant CRC cell line, suggesting their
[118]
potential role in the resistance to anti-EGFR therapy .
Several reports debated the predictive utility of a let-7
microRNA-binding-site polymorphism in the 3’-UTR of
KRAS for CRC outcome, although the results are conflic
[114,119-121]
ting
. Together with other let-7 family members,
let-7c modulates cell cycle by targeting KRAS, and is
also involved in suppressing metastasis via its targets
MMP1(matrix metallopeptidase 1) and PBX3 (pre-b-cell
leukemia homeobox 3). It has been demonstrated that
ectopic expression in Lovo cells or inhibition of let-7c in
HT29 cells reduces cell migration and invasion and
[122]
increases cell motility and invasion, respectively
.
Overactivation of KRAS signalling could induce the
expression of oncogenic miRNAs in CRC. For instance,
miR-372 expression is higher in KRAS-mutated CRC
[123]
samples compared with wild type tumours . miR-372
knockdown decreases cell proliferation and migration
[123]
and increases apoptosis in CRC cell lines . MiR-372
downregulation results in TXNIP (thioredoxin-interacting
[123]
protein) overexpression
: TXNIP is a tumor sup
pressor gene involved in apoptosis induction and cell
[124]
proliferation inhibition . High miR-372 expression is
significantly associated with liver metastasis: metastatic
CRC samples show higher miR-372 expression than
non-metastatic tumours; also, high miR-372 expression
[125]
is associated with lower 5-year overall survival rate .
Similar to miR-372, also miR-720 was found to be more
expressed in CRC with mutated KRAS than wild-type
[123,126]
KRAS
. Its overexpression correlates with tumour
size, spreading of metastases to distant sites and low
[126]
5-year overall survival . MiR-720 knockdown reduces
cell proliferation, migration and invasion, and induces
[123,126]
apoptosis in CRC cell lines
. The same miR-720
regulates STARD13 [star-related lipid transfer (START)
[126]
domain containing 13] expression
, a GTPaseactivating protein (GAP) for Rho and Cdc42. It has been
demonstrated that STARD13 knockdown induces
upregulation of the antiapoptotic protein BCL2, down
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regulation of proapoptotic BAX (BCL2-associated X
[127]
protein), and promotes 3D motility
. The miR-200
family is one of the best-known miRNA families in
mammals. It consists of five members, which are
located at two different loci of chromosome 1 (miR200a, miR-200b, miR-429) and 12 (miR-200c and
[128,129]
miR-141)
. They are tumor suppressor miRNAs
and are significantly involved in inhibition of epithelialto-mesenchymal transition (EMT), repression of cancer
stem cell self-renewal and differentiation, modulation of
cell division and apoptosis, and reversal of che
[128-130]
moresistance
. MiR-200c is particularly interesting
in CRC, due to its ability to regulate cell proliferation,
invasion, migration, EMT and metastasis. MiR-200c
expression is statistically lower in CRC clinical specimens
and highly metastatic CRC cell lines. Transfection of CRC
cell lines (RKO and SW620) with precursors of miR200c induced cell proliferation, but reduced invasion and
migration. Overexpression of miR-200c in CRC cell lines
caused a reduced expression of its target ZEB1/2 (zinc
finger E-box binding homeobox 1/2), and resulted in
increased E-cadherin and reduced vimentin expression.
The associations between miR-200c, its target genes,
and EMT markers were validated in primary CRCs and
[131]
matching liver metastasis tissues . MiR-200c targets
SOX2 [SRY (sex determining region Y)-box 2], a pivotal
gene required for early development and propagation of
undifferentiated embryonic stem cells. Knockdown of
miR-200c increased the sphere-forming capacity of CRC
cell lines and expression of CRC stem cell markers. MiR200c suppresses the expression of SOX2, so repressing
the activity of the PI3K (phosphoinositide 3-kinase)/AKT
(v-Akt murine thymoma viral oncogene homolog 1)
[132]
pathway . Another tumor suppressor miRNA family
controlling EMT in CRC is the miR-34 family. It includes
three oncosuppressor members (miR-34a, miR-34b and
miR-34c), which are regulated by p53; by promoting
mesenchymal-to-epithelial transition (MET) via the
inhibition of the EMT-inducing transcription factor SNAI1
(snail family zinc finger-1), they are involved in
metastasis suppression. MiR-34a targets involved in
CRC invasion and metastasis include IL6R (interleukin 6
receptor), ZNF281 (zinc finger protein 281), MET (MET
proto-oncogene, receptor tyrosine kinase), SNAI1,
CTNNB1 (β-catenin) and SNAI2 (snail family zinc finger
[133-136]
1)
. A common event in CRC carcinogenesis is the
inactivation of APC (adenomatous polyposis coli), a
negative regulator of Wnt signalling pathway through
binding to β-catenin, together with Axin and Glycogen
Synthase-3, followed by degradation through ubi
quitination. Inactivated APC cannot interact with
β-catenin, which accumulates in the cytoplasm and then
translocates into the nucleus: here β-catenin binds the
TCF/LEF (transcription factor/lymphoid enhancerbinding factor) transcription factors, thus leading to MYC
and cyclin D transcription and induction of cell
proliferation. An miRNA-based regulation of APC has
been proposed: miR-135b binds APC mRNA regulating
its expression; miR-135b upregulation in CRC cells

11713

November 7, 2015|Volume 21|Issue 41|

Ragusa M et al . Non-coding RNAs in CRC
causes reduced APC protein levels, β-catenin ac
[137]
cumulation and Wnt pathway activation
. Another
study proved that miR-135b also affects apoptosis
through its targets TGFβR2 (transforming growth factor
β receptor 2) and DAPK1 (death-associated protein
[138]
kinase 1), both frequently downregulated in CRC
.
Similar to miR-135b, also miR-135a is frequently
[139,140]
upregulated in CRC
. Acting as an oncomiR, miR135a promotes cell proliferation, motility and invasion of
CRC cells. A target of miR-135a is MTSS1 (metastasis
suppressor-1), which is downregulated in CRC, pro
[141]
moting malignant phenotypes in vitro . Interestingly,
the oncogenic effects of miR-135b on the Wnt pathway
can be counterbalanced by the tumor suppressive action
[142-144]
of miR-320a on the same pathway
. Overex
pression of miR-320a in CRC cell lines reduces cell
proliferation, blocking cell cycle in G1. Cell cycle arrest is
due to miR-320a and β-catenin mRNA interaction, which
results in decreased levels of β-catenin protein, together
with those of its transcriptional target genes: MYC, cyclin
[142]
D, survivin . MiR-320a expression inversely correlates
with proliferation and migration of CRC cells and is
significantly lower in metastatic compared with non[143,144]
metastatic samples
. MiR-320a overexpression
suppresses migration and invasion by targeting RAC1
(ras-related C3 botulinum toxin substrate-1). It has also
been observed that miR-320a overexpression induces
vimentin downregulation and E-cadherin upregulation,
suggesting that miR-320a is also involved in EMT
[144]
regulation . Wnt signalling is also controlled by miR181a. Its upregulation in CRC cell lines induces cell
proliferation by means of its WIF1 target (WNT in
hibitory factor-1), which is involved in apoptosis
promotion, and PTEN, involved in the AKT signalling
[145,146]
pathway
. Moreover, miR-181a overexpression
causes downregulation of the epithelial markers
E-cadherin and β-catenin and increased expression of
vimentin, suggesting that miR-181a also promotes EMT
[145]
in CRC . MiR-106a acts as an oncogene in CRC, and
its upregulation leads to decreased protein levels of RB1
[81,147]
(retinoblastoma protein-1)
. Active (unphosph
orylated) RB1 binds transcription factors E2F and TFDP1
(transcription factor DP-1) at the promoter of the E2Fregulated genes, which are involved in cell cycle
progression. The presence of the RB/TFDP1/E2F
complex at the promoter inhibits transcription and
recruits chromatin-remodelling complexes, inducing
[148]
gene silencing and blocking cell cycle progression .
MiR-106a binds to the 3’UTR of the RB1 mRNA,
inhibiting its translation and inducing cell cycle pro
[147]
gression in CRC
. By targeting TGFbR2, a tumor
suppressor commonly inactivated in CRC, miR-106a is
also involved in migration and invasion in vitro and in
[149,150]
vivo
. Upregulation of miR-155 in CRC has been
[151-153]
shown by several studies
. It has been de
monstrated that this oncomiR promotes migration and
invasion by targeting the CLDN1 (claudin 1) protein, a
[152]
component of tight junctions
. In turn, CLDN1 is
involved in EMT, causing E-cadherin upregulation
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[154]

through ZEB1 downregulation . Adrenaline-induced
miR-155 upregulation modulates cell proliferation and
chemoresistance in HT29 CRC cell line. Adrenaline
increases miR-155 levels via NFκB (nuclear factor
kappa-light-chain-enhancer in activated B cells),
inducing cell proliferation and inhibiting cisplatin-induced
[153]
apoptosis . It has been recently demonstrated that
cyclo-oxygenase 2/prostaglandin-endoperoxide
synthase 2 (COX2/PTGS2) and prostaglandin E2
(PGE2), a COX2 metabolite, play an important role in
colon cancer progression and are potential targets for
[155,156]
prevention and therapeutic strategies
. COX2 is
the inducible isoform of the key enzyme in pros
taglandin biosynthesis and it has been associated with
[157,158]
several malignancies, including CRC
. Its
upregulation promotes cell proliferation in vitro and in
[159]
vivo
. MiR-101 acts as a tumor suppressor in CRC
[158,160]
patients and cell lines
. Among miR-101 targets
are COX2 and PTGER4 (prostaglandin E receptor 4), a
G protein-coupled cell surface receptor involved in PGE2
[158,161]
signal transduction
. MiR-101 negatively regulates
PTGER4: both miR-101 overexpression and PTGER4
silencing reduce motility and colony formation in
[161]
vitro
. MiR-101 overexpression also promotes cell
adhesion and inhibits colonosphere formation, cell
growth, invasiveness and survival in hypoxic con
[160]
ditions
. MiR-101 repression and Wnt signalling
pathway activation show a strong association: miR-101
overexpression reduces β-catenin accumulation in the
nucleus and transcriptional activity, leading to increased
E-cadherin and decreased ZEB1 mRNA levels; this
[160]
suggests miR-101 involvement in EMT regulation
.
MiR-638 downregulation promotes EMT through its
[162]
target SOX2 : it has been demonstrated that SOX2
[163]
overexpression induces dedifferentiation and EMT
.
MiR-638 expression is reduced in CRC tissues and cell
lines: its downregulation inversely correlates with
[162,164]
tumour progression and predicts poor survival
.
MiR-638 ectopic expression in CRC cell lines results in a
reduction of migration, invasion and cell proliferation:
this is due to overexpression of its target TSPAN1
[161,164]
(tetraspanin 1)
, which is involved in CRC cell cycle
[165]
and invasion regulation . MiR-1 levels are reduced in
CRC compared with normal tissues: this significantly
correlates with MET gene overexpression. Moreover,
miR-1 ectopic expression in CRC cell lines impairs MET[166]
induced cell viability, migration and invasion
. MiR23b acts as a tumor suppressor in CRC cell lines by
performing a pleiotropic modulation of different cancerrelated biological processes. Its ectopic expression
strongly inhibits migration and invasion in vitro and
primary tumour growth and metastasis in vivo. MiR-23b
overexpression reduces cell resistance to anoikis,
programmed cell death induced by detachment of
anchorage-dependent cells from the extracellular
matrix. MiR-23b may also promote mesenchymal-toepithelial transition: it has been observed that its
expression induces E-cadherin upregulation and vi
mentin reduction. These tumor suppressive effects are
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due to miR-23b pro-metastatic targets, FZD7 (frizzled
class 7 receptor), MAP3K1 (MEKK1, mitogen-activated
protein kinase kinase 1, E3 ubiquitin protein ligase),
PAK2 [p21 protein (Cdc42/Rac)-activated kinase 2],
TGFβR2, RRAS2 [related RAS viral (r-Ras) oncogene
homolog 2], and uPA (plasminogen activator, uro
kinase). Furthermore, miR-23b overexpression inhibits
angiogenesis by indirectly suppressing VEGF through
[167]
FZD7 and MAP3K1
. Several papers reported the
downregulation of miR-126 in CRC tissues and cell
[168-170]
lines
. Methylation studies suggest that miR-126 is
epigenetically silenced by CpG methylation of the pro
moter of its host gene EGFL7 (EGF-like-domain multiple
[171]
7) . Through its target PIK3R2 (phosphoinositide-3kinase, regulatory subunit 2), a regulatory subunit
involved in the PI3K signalling pathway, miR-126 ectopic
[168]
expression results in cell proliferation impairment
.
MiR-126 also binds the mRNAs encoding IRS1 (insulin
receptor substrate 1) and CXCR4 [chemokine (C-X-C
motif) receptor 4], thus regulating AKT and ERK1/2
(mitogen-activated protein kinase 3/1) activation.
MiR-126 inhibits cell proliferation, inducing G0/G1
[168-171]
arrest, migration and invasion in CRC cell lines
. It
has been shown that miR-126 ectopic expression in
CRC cell lines impairs VEGF secretion in culture medium,
[171]
suggesting that miR-126 affects angiogenesis
.
Similarly, DNA hypermethylation of CpG islands seems
to cause miR-148a downregulation in various cancers.
In CRC cell lines, miR-148a upregulation promotes
[172]
apoptosis through BCL2 inhibition
. Moreover, miR148a downregulation in CRC correlates with increased
[173]
tumour size . All data reported in this paragraph (i.e.,
CRC related miRNAs, their functions and targets) are
summarized in Table 1.

The impact of lncRNAs on CRC pathobiology

Over the last few years, several papers have reported
on the involvement of lncRNAs in CRC genesis and
progression through a number of molecular me
chanisms. LncRNAs impact on critical CRC signalling
pathways by acting both as oncogenes and tumor
suppressors through interactions with other regulatory
molecules, such as DNA, RNA, and proteins. Although
several lncRNAs have been reported to be dysregulated
in CRC, which suggests their potential diagnostic/
prognostic power (see paragraph “Clinicopathological
significance of lncRNAs in CRC”), their molecular
mechanisms of action in CRC biology were elucidated
only for few of them. One of the most known cancerrelated lncRNAs is Metastasis-Associated Lung Ad
enocarcinoma transcript 1 (MALAT1), located on
[174]
chromosome 11q13.1 and 8000 nt long . MALAT1 is
highly expressed in metastases of various tumours,
such as non-small cell lung cancer, hepatocellular
[174-176]
carcinoma, and endometrial stromal sarcoma
.
Several intracellular functions of MALAT1 have been
proposed. It may have an important role in pre-mRNA
metabolism: it is indeed associated with SC35 splicing
[177]
domains within the nucleus
. It is concentrated in
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nucleoli as a “riboregulator”, controlling expression of its
[178]
target genes . Moreover, MALAT1 is involved in the
regulation of tumor suppressor proteins [e.g., PTB[179]
associated splicing factor (PSF)] , and has also been
found to regulate the activity of E2F1, a pivotal
[180]
transcription factor for cell cycle progression . In vitro
silencing of MALAT1 has been shown to affect bladder
cancer cell migration. MALAT1 acts as a negative
regulator of EMT-associated ZEB1, ZEB2 and SNAI2,
[181]
and positive regulator of E-cadherin
. Aberrant
mitosis, with a large fraction of cells accumulating at the
G2/M boundary and increased cell death, result from
[182]
MALAT1 depletion
. Recently, a 3’ end processing
mechanism for MALAT1 has been identified: the primary
transcription product of the MALAT1 locus is a 6.7 kb
nuclear-retained lncRNA and a cytoplasmic 61-nt tRNAlike ncRNA, known as mascRNA (MALAT1-associated
[67]
small cytoplasmic RNA) . When the MALAT1 RNA
fragment containing mascRNA was overexpressed in
CRC cells, cell proliferation and invasion were induced.
Point mutations of MALAT1 were detected in CRC cell
[183]
lines and tissues . BRAF-activated non-protein coding
RNA (BANCR) seems to be closely associated with
V600E
BRAF, one of the most frequent mutation types of
the BRAF (B-Raf proto-oncogene, serine/threonine
[184]
kinase) gene in several tumours, including CRC
.
BANCR is frequently overexpressed in CRC tissues: this
overexpression significantly correlates with lymph node
[185]
metastasis and tumour stage . Enforced expression
of BANCR increases cell migration of CRC cell lines,
whereas its knockdown inhibits it. BANCR induces EMT
by affecting the expression of epithelial and mesen
chymal markers through a MEK (mitogen-activated
protein kinase kinase 7)/ERK dependent mechanism,
[185]
thus contributing to CRC migration
. Genome wide
association studies (GWAS) have identified a set of risk
loci, which are linked to susceptibility for different
diseases (including CRC) on human chromosome
[186]
8q24
. Interestingly, this region (about 2 Mb) is
within a large protein-coding-gene desert, but several
non-coding genes map on it (i.e., CCAT1, CCAT2,
[187]
PCAT2, and PRNCR1) . The rs6983267 SNP (single
nucleotide polymorphism), mapping to the chromo
somal region 8q24.21, has been strongly associated
[188]
with an increased risk of CRC . The genomic region
spanning rs6983267 was found to contain DNA
enhancer elements, and the allelic variants confer
different binding affinity to TCF7L2 [transcription factor
7-like 2 (T-cell specific, HMG-box)], a transcription
factor that has a central role in the transcriptional
[189,190]
activation of Wnt target genes
. The SNP status of
lncRNA colon cancer associated transcript 2 (CCAT2),
which encompasses rs6983267, affects CCAT2
expression: the risk allele G produces more CCAT2
[191]
transcripts in CRC . CCAT2 interacts with TCF7L2 and
upregulates MYC, miR-17-5p and miR-20a; it also
[191]
overactivates Wnt signalling . Interestingly, CCAT2 is
itself a Wnt downstream target, which suggests the
[191]
existence of a positive feedback loop
. The long
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Table 1 Functions of microRNAs deregulated in colorectal cancer
microRNA

Oncogene/tumor
suppressor

Process in CRC

Targets

Let-7

PMID

Tumor suppressor Cell proliferation, migration, invasion,
KRAS, MMP11, PBX3
metastasis
miR-1
Tumor suppressor Cell proliferation, invasion, migration
MET
miR-16
Tumor suppressor
Cell proliferation
PTGS2
miR-17-92 cluster
Oncogene
Angiogenesis, proliferation,
TSP-1, CTGF, PTEN,
metastasis
BCL2L11, E2F1, E2F2, E2F3,
TGFBR2, CDKN1A, BIM
miR-18a
Tumor suppressor
Cell proliferation, migration
CDC42, HNRNPA1
miR-21
Oncogene
Cell proliferation, migration, invasion, PDCD4, CCL20, Cdc25A,
metastasis, stemness
TGFBR2, PTEN, RHOB,
RASA1
miR-23b
Tumor suppressor Cell migration, invasion, angiogenesis
FZD7, MEKK1, PAK2,
TGFBR2, RRAS2, PLAU,
VEGF
miR-31
Oncogene
Cell proliferation, invasion, migration
CDKN2B, RASA1
miR-34
Tumor suppressor Migration, invasion, metastasis, EMT IL6R, ZNF281, MET, SNAIL,
CTNNB1, SLUG, ZEB1
miR-101
Tumor suppressor Cell proliferation, motility, invasion
EP4, PTGS2
miR-103/miR-107
Oncogene
Invasion, migration, metastasis
DAPK, KLF4
miR-106a
Oncogene
Cell proliferation, migration, invasion,
RB1, TGFBR2
metastasis
miR-126
Tumor suppressor Cell proliferation, migration, invasion, PIK3R2, IRS1, CXCR4, VEGF
metastasis, angiogenesis
miR-135a
Oncogene
Cell proliferation, migration, invasion
MTSS1
miR-135b
Oncogene
Cell proliferation, invasion
APC, TGFBR2, DAPK1
miR-143
Tumor suppressor
Cell proliferation, metastasis
KRAS, ERK5, MACC1, HK2,
IGF1R, DNMT3A
miR-145
Tumor suppressor
Cell proliferation, angiogenesis
MYC, CDK6, E2F1, CCND2,
p70S6K1, PAK4
miR-148a
Tumor suppressor
Cell proliferation
BCL2
miR-155
Oncogene
Cell proliferation, migration, invasion,
CLDN1
chemoresistance
miR-181a
Oncogene
Cell proliferation, invasion,
PTEN, WIF1
metastasis, EMT
miR-200c
Tumor suppressor Cell proliferation, invasion, migration, ZEB1, ETS1, FLT1, CDH1,
EMT, metastasis
VIM
miR-210
Oncogene
Cell migration, invasion
VMP1
miR-320a
Tumor suppressor Cell proliferation, migration, invasion,
CTNNB1, RAC1, NRP1
metastasis, EMT
miR-372
Oncogene
Cell proliferation
TXNIP, LATS2
miR-638
Tumor suppressor
Cell invasion, migration
SOX2, TSPAN1
miR-720
Oncogene
Cell proliferation, invasion, migration
STARD13

23167843, 21984339, 16651716
22179665
22049153
19460962, 16878133, 22308110, 24212931,
21883694
25379703, 24166503
22677902, 17968323, 22099878, 19826040,
22120473, 23788041, 23544170, 23174819,
22072622, 21872591, 25663768
22109528

21062447, 25202407, 23322774
24642471, 24185900, 23243217, 22134354
22353936, 19133256
22593189
23178825, 22912877
18663744, 24312276, 24189753, 24653631,
23900443
23017832
18632633, 24735923
19137007, 16969504, 22533346, 22691140,
23574723, 19638978
21278451, 15944709, 19843336, 21917858,
22766504
21455217
23588589, 23036199
24685694, 24755295
22735571, 22407310
24632577
22459450, 24265291, 22134529
22660396, 22456107
24885288, 25301729
25286763, 22660396

For all miRNAs are reported: (1) their function in CRC (oncogene, or tumor suppressor); (2) the biological processes they are involved in; (3) their mRNA
validated targets; (4) bibliographic references reported as PubMed ID (PMID).

isoform of colon cancer associated transcript 1
(CCAT1-L) is upregulated and positively related to
[192]
tumour stage and progression in CRC . CCAT1-L is
located in the nucleus, while the short isoform
(CCAT1-S) is found in the cytoplasm. CCAT1-L can
interact with a transcriptional enhancer of MYC
(MYC-335) by chromatin looping, which in turn interacts
[193]
with the MYC-promoter
. Knockdown of CCAT1-L
leads to a decreased level of MYC mRNA, strongly
suggesting that this lncRNA may regulate MYC ex
[193]
pression in cis
. Another lncRNA locus mapping at
8q24 is Plasmacytoma Variant Translocation 1 (PVT1):
PVT1 is located downstream of MYC on chromosome
8q24 and produces a wide variety of spliced RNAs, such
as a cluster of six miRNAs (i.e., miR-1204, miR-1205,
miR-1206, miR-1207-5p, miR-1207-3p, and
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[194]

miR-1208) . PVT1 is upregulated in CRC because of a
[195]
copy number amplification of chromosome 8q24
.
Knockdown of PVT1 in CRC cells leads to a significant
reduction of proliferation and invasion through activation
of TGF-β and apoptotic signalling. Increased PVT1
expression is required for high MYC protein levels in
8q24-amplified CRC cells. PVT1 and MYC protein
expression correlate in primary tumours, while ablation
of PVT1 from MYC-driven colon cancer line HCT116
[195]
diminished its tumorigenic potential
. Surprisingly,
PVT1 is also a p53-inducible target gene: p53 binds
and activates a canonical response element within the
vicinity of miR-1204, and induces the endogenous
PVT1 transcripts and consequent upregulation of
[196]
miR-1204 . Ectopic expression of miR-1204 leads to
increased p53 levels and causes cell death in a partially
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[196]

p53-dependent manner
. The most intensively
studied lncRNA in different neoplastic diseases is the
Hox transcript antisense intergenic RNA (HOTAIR). It is
located within the Homeobox C (HOXC) gene cluster
on chromosome 12 and is coexpressed with HOXC
[197]
genes . HOTAIR interacts with PRC2; it functions as a
scaffold to assemble PRC2 on the HOXD gene cluster,
inducing the trimethylation of histone H3 lysine-27
[198]
(H3K27me3) of the HOXD locus
. By silencing
multiple metastasis suppressor genes (such as
HOXD10, PGR, and the protocadherin gene family),
HOTAIR epigenetically regulates HOXD expression and
[199]
promotes metastasis in breast cancer
. Expression
analysis on CRC reveals a close correlation between
HOTAIR expression and members of the PRC2 complex
(i.e., SUZ12, EZH2, and H3K27me3): this suggests that
HOTAIR expression is associated with epigenetic
functions of PRC2, which is involved in maintaining the
mesenchymal and undifferentiated status in CRC
[200]
cells . Similarly to HOTAIR, also the lncRNA CRNDE
(colorectal neoplasia differentially expressed) has been
shown to be physically and functionally associated to
[201]
[201]
PRC2 . Khalil et al
showed an overlap in the lists
of genes affected by knockdown of CRNDE and PRC2.
These data would suggest an involvement of CRNDE in
the epigenetic remodelling of chromatin, and specifically
in the downregulation of gene expression via targeted
histone methylation by the PRC2 complex. The CRNDE
promoter is bound by some pluripotency-related
transcription factors [i.e., MYC, MYCN (v-Myc avian
myelocytomatosis viral oncogene neuroblastoma
derived homolog)] and CRNDE knockdown decreases
the expression of several pluripotency markers (i.e.,
[202]
SOX2, KLF4, NANOG, and OCT4) . CRNDE expression
appears highest in the early stages of mammalian
development and progressively decreases thereafter. It
is required for the maintenance of pluripotency in
mouse embryonic stem cells and is potentially involved
[202]
in tumorigenesis . The tumor suppressor candidate 7
(TUSC7) is a p53-regulated tumor suppressor, which
reduces tumour cell growth both in vitro as well as in
[203]
vivo in CRC . Specifically, its fourth exon (containing
two miR-211 binding sites) is responsible for inhibition
of tumour cell growth. In vivo studies confirmed that
TUSC7 can bind to miR-211 inducing its down
[203]
regulation
. It has been shown that miR-211
promotes cell growth in CRC cell lines. Accordingly,
TUSC7 works as an endogenous miRNA sponge.
Interestingly, TUSC7 is a target of miR-211, showing
the existence of a reciprocal negative feedback loop
[203]
between TUSC7 and miR-211 . H19 is a paternally
[204]
imprinted, maternally expressed, oncofetal gene . It
is highly expressed from the early stages of em
bryogenesis to fetal life in many organs, but is nearly
[205]
completely downregulated postnatally
. H19 is
[206]
upregulated in many cancers, including CRC
, and
acts as the primary miRNA precursor of miR-675 in
[207]
mammals . RB1 mRNA is a direct target of miR-675:
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in fact, knockdown of miR-675 increases RB1 expression
and at the same time decreases cell growth in CRC. On
the contrary, miR-675 gain-of-function causes RB1
downregulation and enhances tumour cell growth. Both
TGF-β and hypoxia concomitantly induce H19 and
miR-675, together with induction of EMT markers and
[207]
suppression of E-cadherin protein expression
.
Interestingly, H19 harbours both canonical and noncanonical binding sites for the let-7 miRNA family,
whose critical tumor suppressive role in the deve
lopment of CRC has already been discussed above. H19
is able to downmodulate let-7 availability by acting as a
[208]
molecular sponge
. Recently, the role of another
lncRNA, functionally linked to EMT, has been cha
[209]
racterized in CRC
. N-BLR is an lncRNA involved in
the apoptotic pathway: its inhibition leads to
downregulation of XIAP (X-linked inhibitor of apoptosis
protein) and subsequent increase of cell death. N-BLR
also promotes invasion and migration by modulating
vimentin and E-cadherin expression. Intriguingly, N-BLR
seems to be regulated by members of the miR-200
family (i.e., miR-141, and miR-200c). As previously
mentioned, the miR-200 family has been strongly linked
to EMT: indeed, its members target the ZEB1/ZEB2
transcription factors that are repressors of E-cadherin
expression. According to the model proposed by
[209]
Rigoutsos et al , the increase of N-BLR expression in
CRC samples would attract the available endogenous
miR-141/miR-200c and relieve their targeting ZEB1,
thereby upregulating its levels. This would lead to a
subsequent decrease of E-cadherin; it also would confer
a mesenchymal phenotype to the cells, which is
correlated with increased invasiveness and migratory
potential of CRC cells. All data reported in this paragraph
(i.e., CRC related lncRNAs, their functions and targets)
are summarized in Table 2.

Circular RNAs: New players in cancer regulation?

Recently, it has been discovered that hundreds of
human genes are also expressed in a circular RNA
[210]
isoform
. Initially, these circRNAs were thought to
be rare RNA species representing just transcriptional
noise. High-throughput sequencing of the RNase R
treated, ribosomal-depleted fractions of RNAs showed
a ubiquitous expression of circRNAs in human and
[211]
mouse cells
. CircRNAs represent a class of little
known post-transcriptional regulators, which compete
with other RNAs for binding to miRNAs and RNA
binding proteins (RBPs): they may have a role in mo
dulating the local concentration of RBPs and RNAs, as
[211]
part of the competing endogenous RNA network
.
Moreover, in contrast with classical ceRNAs, circRNAs
have no accessible termini, which makes them
resistant to miRNA-mediated RNA degradation or other
exonucleolytic activities. ciRS-7 [also termed CDR1as
(cerebellar degeneration-related protein 1 antisense)],
one of the most studied circRNAs, is a circular miR-7
inhibitor/sponge that binds miR-7, resulting in reduced
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Table 2 Functions of long non-coding RNAs deregulated in colorectal cancer
lncRNA

Oncogene/tumor
suppressor

Biological process

AK123657
BANCR
BX648207
BX649059
CCAT1-L
CCAT2

Tumor suppressor
Oncogene
Tumor suppressor
Tumor suppressor
Oncogene
Oncogene

Cell proliferation, invasion
Cell migration, EMT
Cell proliferation, invasion
Cell proliferation, invasion
MYC expression regulation
WNT signalling pathway activation

CRNDE
H19
HOTAIR
MALAT1

Oncogene
Oncogene
Oncogene
Oncogene

mascRNA
N-BLR
PVT1
TUSC7

Target

Epigenetic remodelling of chromatin
miR-675 precursor, cell proliferation, EMT, miRNA sponge
HOXD expression regulation, metastasis
pre-mRNA metabolism, target gene expression regulator,
tumor suppressor protein regulation, cell cycle progression,
cell migration, MET
Oncogene
Cell proliferation, invasion
Oncogene
Apoptosis, cell migration, invasion
Oncogene
miRNAs precursor, cell proliferation, invasion
Tumor suppressor
Cell proliferation, miRNA sponge

MYC-335
TCF7L2, MYC,
miR-17-5p, miR20a
let-7
HOXD10, PGR
PSF, E2F1

miR-211

PMID
24809982
25013510
24809982
24809982
24662484
23796952

19571010
17237358, 19926638
24075995, 20393566
17270048, 16878148, 18067128,
22078878, 22722759
21503572
http://dx.doi.org/10.1101/004796
18194563, 25043044
23558749

For all lncRNAs are reported: (1) their function in CRC (oncogene, and tumor suppressor); (2) the biological processes they are involved in; (3) their
validated targets; (4) bibliographic references reported as PubMed ID (PMID). LncRNA: Long non-coding RNA.
[212]

miR-7 activity and increased levels of miR-7 targets .
As miR-7 negatively controls the expression of several
oncogenes, impairing miR-7 activity would have an
important impact on the cell phenotype. Recently,
[213]
Bachmayr-Heyda et al
found a global reduction
of circRNA abundance in CRC cell lines and CRC
tissues compared with normal tissues and detected a
negative correlation between circRNA expression and
proliferation. The authors explained these findings
by hypothesizing that the back-splice machinery,
responsible for RNA circularization, is dysfunctional in
tumoral cells; otherwise, downregulation of circRNAs
could be due to increased degradation by oncomiRNAs
[213]
which are deregulated in CRC .

NON-CODING RNAS AS DIAGNOSTIC
AND PREDICTIVE TOOLS
miRNAs as diagnostic and prognostic CRC biomarkers

As previously reported, there is overwhelming evidence
indicating that post-transcriptional and translational
controls, mediated by various miRNAs, exert critical
pleiotropic actions on different features of CRC
evolution. Based on these premises, tremendous effort
was made towards the discovery and characterization
of miRNAs as predictive and prognostic biomarkers
in CRC. Unsurprisingly, most miRNAs involved in CRC
regulation also exhibit potential predictive/prognostic
properties (Table 3). MiR-31 is the most frequently
mentioned in miRNA-based biomarker discovery
studies for CRC patients. MiR-31 is upregulated in
colon cancer tissues, compared with adjacent nonneoplastic normal tissues, across all clinical stages;
[94,97,214]
its expression correlates with clinical stages
. It
was observed that upregulation of miR-31 in tumour
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samples is positively associated with advanced tumournode-metastasis (TNM) stage, presence of lymph
[94,97,214]
node metastasis, and distant metastases
;
furthermore, high expression of miR-31 correlates
[97]
with patients’ short survival . On the other hand,
[95]
Slaby et al
detected upregulation of miR-31 in
CRC tissues, but surprisingly found no association
with tumour stage. They reported a low expression
[95]
of miR-31 mainly in poorly differentiated tumours .
MiR-21 has been frequently reported as being in
volved in many neoplasias, including CRC. It has
also been demonstrated that it possesses diagnostic
and prognostic power. High miR-21 levels correlate
[215]
with short disease-free survival
, clinical stage and
[95]
distant metastases . Analyzing colon and rectal
cancer tissues separately, overexpression of miR-21
was an independent prognostic factor of unfavourable
recurrence-free survival only for T3-4a colon cancer
[216]
patients
. MiR-21 levels increase, while miR-143
and miR-145 expression decrease, going from well
(G1) to poorly (G3) differentiated tumours. Decreased
miR-143 and miR-145 expression is also preferentially
associated with increased tumour size and localization
[95]
[217]
in the proximal colon . Vickers et al
reported that
miR-21, miR-135a and miR-335 were upregulated
in CRC compared with normal adjacent tissues, in
particular in metastatic primary tumours, whereas
miR-206 levels inversely correlated with CRC
progression. Moreover, let-7a showed elevated ex
pression in metastatic CRC compared with normal
mucosa or non-metastatic disease, but only in KRASmutated tumours. This prognostic signature of miR-21,
miR-135a, miR-206, miR-335, and let-7a, used to
detect the presence of metastases, had a specificity of
87% and sensitivity of 76%: these data suggest their
[217]
[218]
application as a prognostic tool in CRC . Díaz et al
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Table 3 Diagnostic and prognostic cellular microRNAs in colorectal cancer
Clinical feature
Fluorouracil based therapy
positive response
Metastasis
Poor fluorouracil based
therapeutic prognosis
Progression
Survival

Tumour size
Undifferentiated phenotype

Oncogenes

Tumor suppressor genes

let-7g, miR-181b, miR-26a-1 (SNP)

PMID
18172508, 20585341

miR-21, miR-372, miR-720, miR-181a, miR135a, miR-335
miR-21

miR-21, miR-17, miR-181a, miR-181b,
miR-372, miR-720, miR-106a, miR-20a,
miR-203, miR-423 (SNP), miR-196a-2 (SNP)
miR-720
miR-21

miR-126, miR-34a, miR-27a
(SNP)

22120473, 24653631, 22456107, 25286763,
23243217, 24755295, 25078482
18230780

miR-100 (SNP)
miR-200c, miR-320, miR-498,
miR-608 (SNP), miR-219-1
(SNP)
miR-143, miR-145
miR-143, miR-145

20585341
18230780, 18079988, 22065543, 24098024,
18676867, 22456107, 25286763, 22028396,
22661538, 22161766
18196926, 25286763
18196926

Cancer-related phenotypes that may be predicted by expression analysis of oncomiRNAs and tumor suppressor miRNAs. miRNAs: MicroRNAs.

showed an association between downregulation of
miR-126 and age under 50 on CRC diagnosis. miR-126
inversely correlated with metastasis and its expression
levels were significantly lower in metastatic CRC than in
[219]
localized tumours . The same authors also observed
a correlation between high miR-106a expression and
[218]
5-year disease-free survival and overall survival
.
Recurrence-free survival of patients with stage Ⅱ CRC
was also independently associated with high expression
[220]
of miR-320 and miR-498 . MiR-181a is upregulated
in CRC tissues compared with normal tissues and in
liver-metastatic CRC: this suggests its correlation with
liver metastasis and also with poor overall survival
[145,221]
in EGFR-targeted therapy
. On the other hand,
low miR-181b and let-7g expression correlates with a
positive response to 5-fluorouracil-based antimetabolite
[222]
S-1
. Overexpression of miR-15b, miR-181b,
miR-191 and miR-200c in CRC, compared to normal
[223]
colorectal tissues, was reported by Xi et al . KaplanMeier survival analysis showed that patients with
higher miR-200c expression had shorter survival time
[223]
compared with patients with lower expression
.
MiR-372 and miR-720 (both controlled by the KRAS
pathway) showed high expression levels, which are
significantly associated with CRC tumour size and distant
metastases. Metastatic CRC samples showed higher
miR-372 and miR-720 expression compared with the
non-metastatic samples; moreover, their upregulation
was found to be associated with lower 5-year overall
[125,126]
survival
. The presence of metastases in CRC
patients is also associated with reduced miR-34a
expression, caused by high CpG methylation of miR[135]
34a and miR-34b/c promoters . Expression levels of
the oncogenic miR-17-92 cluster and two of its paralogs
(miR-106a and miR-106b) are signiﬁcantly elevated
in CRC. Although the authors observed no significant
association between deregulation of these miRNAs and
clinico-pathological features of patients, high levels of
miR-17 were related to reduced overall survival of CRC
[224]
patients . A promising non invasive approach for CRC
screening is to assay stools for molecular biomarkers
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that mirror the molecular alterations associated
with cancer: colon cancer tissues consistently shed
cancer cells into stools; accordingly, it would be an
ideal substrate to detect specific CRC biomarkers.
Several papers showed quantitative changes in the
expression of some miRNAs in stools of CRC patients
[225,226]
with respect to normal controls. Ahmed et al
,
reported 12 upregulated miRNAs (miR-7, miR-17, miR20a, miR-21, miR-92a, miR-96, miR-106a, miR-134,
miR-183, miR-196a, miR-199a-3p and miR-214) and 8
downregulated miRNAs (miR-9, miR-29b, miR-127-5p,
miR-138, miR-143, miR-146a, miR-222 and miR-938)
in the stools of CRC patients; and these alterations
were more pronounced in later carcinoma stages.
MiR-21 and -106a upregulation in stools of adenoma
and CRC patients was also reported in different
[227,228]
papers
. Other studies on CRC stools suggested
miR-18a, miR-31, miR-135b, and miR-221 as potential
[229,230]
biomarkers of adenoma and carcinoma
.

Pathological and clinical roles of lncRNAs in CRC

Several high-throughput profiling and reverse tra
nscription polymerase chain reaction (RT-PCR) studies
were published in the last few years that showed the
potential diagnostic and prognostic power of lncRNAs in
CRC (Table 4). By searching through previously
[231]
published gene expression microarray data, Hu et al
analyzed lncRNA profiles of large cohorts of CRC
patients and identified a prognostic six-lncRNA sig
nature. These six lncRNAs (i.e., AK024680, AK026784,
AK123657, BX648207, BX649059, and CR622106)
significantly correlated with disease-free survival: this
signature was able to classify CRC patients into two
subgroups: high-risk (shortened survival) and low risk
(prolonged overall survival). Moreover, functional
experiments demonstrated that repression of lncRNAs
AK123657, BX648207 and BX649059 in CRC cell lines
[231]
increased cell proliferation and invasion . One of the
most upregulated lncRNAs associated with CRC is
[232]
CRNDE . CRNDE exists in different splice variants that
may have diagnostic usefulness: the most diagnostically
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Table 4 Diagnostic and prognostic cellular long non-coding RNAs in colorectal cancer
Clinical feature
Disease-free survival
Distant metastasis
Liver metastasis
Lymph node metastasis
Metastasis risk
Overall survival
Plasma diagnostic marker
Poor prognosis
Tumour risk
Tumour size
Tumour stage
Undifferentiated phenotype
Venous invasion

Oncogenes

Tumor suppressor genes

PMID

AK026784, AK024680, MALAT1

AK123657, CR622106, BX649059,
BX648207, TUSC7, RPL34-AS1
TUSC7, RPL34-AS1

24809982, 25031737, 23680400, 24908062

91H, PCAT1, CCAT1
HOTAIR, HULC
PVT-1, AK021444, ENST00000425785,
AK307796
MALAT1
MALAT1, PVT-1, PCAT1
CRNDE
HOTAIR, 91H, PVT-1
PRNCR1 (SNP)
HOTAIR, PRNCR1 (SNP)
CCAT1
HOTAIR, PRNCR1 (SNP)
PVT-1

ncRAN
ENST00000465846

ncRAN, uc.73

TUSC7
lincRNA-p21, TUSC7, RPL34-AS1
ncRAN
lincRNA-p21

25058480, 23640607, 23594791, 23680400,
24908062
21862635, 24519959, 19445043
24196785, 25009386
25031737
25031737, 24196785, 24519959, 23640607,
22328099
22393467
21862635, 25058480, 24196785
24330491
21862635, 23680400, 24330491
24012455, 23594791, 23680400, 24908062
21862635, 24519959, 24330491
24196785, 24012455

Cancer-related phenotypes that may be predicted by expression analysis of oncogenic and tumor suppressive long non-coding RNAs.

relevant isoform CRNDE-h showed a sensitivity of 95%
and a specificity of 96% for distinguishing adenomas
from normal tissues and a sensitivity of 80% and a
[233]
specificity of 96% for carcinoma vs normal tissues .
High expression levels of HOTAIR in CRC patients were
[200]
closely related to poor prognosis . Specifically, Kogo
[200]
et al
divided 100 patients with CRC into two groups:
a high HOTAIR expression group and a low expression
group: their data show that CRC patients with the
highest HOTAIR expression exhibit less differentiated
histology, greater tumour size, and higher propensity to
liver metastasis than CRC patients with low HOTAIR
expression. Similar results were obtained for MALAT1 by
[234]
Zheng et al , who statistically associated expression
of MALAT1 to clinico-pathological parameters, diseasefree survival, and overall survival. Stage Ⅱ /Ⅲ CRC
patients with higher expression of MALAT1 showed a
significantly higher risk of metastasis after radical
[234]
surgery and significantly poorer overall survival . 91H
(also named LINC01219), an antisense RNA of lncRNA
H19, is overexpressed in CRC tumour tissues with
respect to adjacent normal tissues. Clinico-pathological
factors were compared between CRC patients with high
and low expression of 91H. Statistical analysis showed
that high expression of 91H was significantly correlated
[235]
with distant metastases and poorer prognosis
.
LncRNA PVT1 is a precursor of a number of spliced
ncRNAs and of six miRNAs. The biomolecular functions
of PVT1 remain elusive, even though several studies
[236,237]
were performed to determine them
. Takahashi et
[238]
al
investigated the clinical significance of PVT1
expression on 164 CRC patients, showing that high
PVT1 expression was positively related to the size of
lymph node metastasis, venous invasion and poor
prognosis. Furthermore, univariate and multivariate
analyses showed that PVT1 expression was an
independent risk factor for overall survival of CRC
patients. NcRAN (non-coding RNA expressed in

WJG|www.wjgnet.com

aggressive neuroblastoma) is an lncRNA whose
expression is highly upregulated in neuroblastoma
patients with poor prognosis; it could also have an
important pathogenetic role in human bladder
[239,240]
[241]
cancer
. Qi et al
demonstrated that ncRAN
expression is significantly reduced in CRC tumour
tissues and cell lines, compared with adjacent normal
tissues and a normal intestinal mucous cell line.
Downregulation of ncRAN was more evident in poorly
differentiated or undifferentiated tumours and in CRC
with liver metastases. Kaplan-Meier survival analysis
showed that CRC patients with lower ncRAN expression
had a worse overall survival. Overexpression of PCAT1
(prostate cancer associated transcript 1) was associated
with distant metastases and poorer overall survival in
CRC patients: in few cases, this was explained by gene
[242]
copy number variation of the PCAT1 locus
. Long
intergenic noncoding RNA-p21 (lincRNA-p21) is
transcriptionally induced by p53 in CRC cell lines,
following apoptosis induction by nutlin-3; it works as a
repressor in p53-dependent transcriptional responses.
Its expression levels were lower in CRC tumour tissues,
when compared with adjacent normal tissues from the
same patient. Expression of lincRNA-p21 was higher in
rectum cancers with respect to colon cancers. Its
overexpression was significantly correlated to higher
[243]
primary tumour (pT) and vascular invasion . Alaiyan
[244]
et al
screened the expression of CCAT1 in normal
colon tissues and in various stages of CRC development
(i.e., adenoma, invasive carcinoma, lymph nodes
metastases, and distant metastases). By using quan
titative RT-PCR (qRT-PCR) and in situ hybridization
(ISH), they found: (1) increased CCAT1 expression in
colon adenocarcinoma compared with normal tissues;
and (2) heterogeneous upregulation across the colon
adenoma-carcinoma sequence. CCAT1 upregulation
was evident in premalignant conditions and through all
disease stages, including advanced metastatic disease:
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these data suggest its potential role both in trans
formation and in metastasis. Transcribed ultra
conserved regions are a recently discovered class of
non-coding RNAs with a high degree of evolutionary
conservation: this strongly suggests a critical role in
the physiology of mammals and other vertebrates.
T-UCRs mainly work as antisense molecules for
protein-coding genes and miRNAs; their dysregulation
[245,246]
has been reported for different types of tumours
.
[247]
Sana et al
analyzed the expression in CRC tissues
and adjacent normal tissues of t-UCR uc.43, uc.73,
uc.134, uc.230, uc.339, uc.388, uc.399, which
previously had been found to be associated with CRC.
Among these t-UCRs, only uc.73 and uc.388 were
significantly downregulated in CRC tissues; uc.73
showed a positive correlation with overall survival of
CRC patients. The tumor suppressor lncRNA TUSC7
(LOC285194) is depleted in osteosarcoma, causing
abnormal proliferation of osteoblasts; its deletions
were associated with poor survival of osteosarcoma
[248]
[249]
patients . Qi et al
found that expression levels of
TUSC7 significantly decreased also in CRC samples. In
addition, this downregulation was correlated with
larger tumour size, higher tumour stage, more distant
[249]
metastases, and poor disease-free survival
. By
microarray profiling of CRC samples and adjacent
normal tissues from non-metastatic and metastatic
patients, six aberrantly expressed lncRNAs (i.e.,
AK097793, ENST00000423943, ENST00000393516,
ENST00000428029, RP11-462C24.1, and uc002wvk.2)
[250]
were identified . Among these, RP11-462C24.1 (also
called RPL34-AS1), whose functions are still unknown,
exhibited interesting prognostic properties: its ex
pression level decreased as the malignant degree of
CRC increased. Furthermore, downregulation of RP11462C24.1 significantly correlated with more distant
[250]
metastases and a poor disease-free survival . Some
studies on the diagnostic and prognostic power of
lncRNAs in CRC focused on their expression in me
tastatic sites rather than CRC tissues. LncRNA ex
pression profiling in metastatic lymph nodes (MLN),
normal lymph nodes (NLN), and tumour tissues from
CRC patients showed that 14 lncRNAs were specifically
upregulated (e.g., AK021444, ENST00000425785, and
AK307796) and 5 lncRNAs were specifically down
regulated (e.g., ENST00000465846) in the MLN group
compared with the NLN group and tumour tissue
[251]
group
. These data suggest that specific lncRNA
dysregulation in MLN may have an important role in
facilitating the occurrence of lymph node metastasis in
CRC. However, the molecular functions of these lncRNAs
are still unknown. The lncRNA highly upregulated in
liver cancer (HULC) is usually upregulated in he
patocellular carcinoma and may perturb the circadian
[252,253]
rhythm of hepatoma cells
. HULC is neither
expressed in CRC tissues nor in normal colon mucosa;
however, it was found to be significantly expressed in
CRC with metastases in the liver, but not in lymph
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[254]

nodes . These data suggest that HULC could play a
role in the metastatic process of CRC tumours in the
liver.

Non-coding RNAs with predictive power in CRC therapy
response

One of the most challenging tasks in cancer tre
atment is to identify patient subpopulations who
could benefit from chemotherapy and avoid overtreatment of chemorefractory patients. Discovery
of predictive biomarkers would provide information
on the likelihood of response to a given therapeutic
agent and help to optimize therapy decisions. Much
effort was made to find feasible predictive biomarkers
in CRC, however, except for KRAS mutations, no
clinical study provided markers which have entered
into the clinical management of CRC. Recent studies
revealed that expression levels of certain miRNAs
could be associated with specific therapeutic outcomes
in CRC, suggesting that miRNAs may be considered
potential predictive biomarkers. Some in vitro studies
on CRC cell lines showed that 5-fluorouracil can alter
profoundly miRNA expression patterns and miRNAs
modulate the expression of key proteins involved
in the regulation of cell proliferation, apoptosis and
[255,256]
drug response
. In one of the first studies on
CRC patients, miRNA expression was evaluated in
cancer biopsies before therapy and two weeks after
starting preoperative capecitabine chemoradiotherapy:
miR-137 and miR-125b were upregulated two
weeks after starting therapy and higher levels of
both of them were associated with worse response
[257]
[258]
to the therapy
. Hansen et al
, studied the
predictive value of miR-126 in clinical response to
capecitabine and oxaliplatin in CRC metastatic patients
by in situ hybridization. MiR-126 expression levels
were significantly higher in patients responding to
therapy with respect to not responding patients:
furthermore, its high expression was associated
[258]
with a more prolonged free survival progression
.
Overexpression of miR-145 was found in CRC
patients who showed a good response to neoadjuvant
chemoradiotherapy (5-FU and 50.4 Gy) and tumor
[259]
regression
, while miR-17-5p was found increased
[260]
in chemoresistant patients
. Della Vittoria Scarpati
[261]
et al
using microarray expression profiling
detected specific miRNA signatures associated with
complete response of CRC patients after neoadjuvant
chemoradiotherapy. Specifically, they found a set of
13 miRNAs (i.e., 11 upregulated and 2 downregulated
miRNAs) strongly associated with good response to
chemoradiotherapy. Among them, the upregulation of
miR-622 and miR-630 showed 100% sensitivity and
[261]
specificity in predicting the patients’ response
. In
[262]
a similar study, Svoboda et al
compared miRNA
profiles of CRC patients classified as sensitive or
resistant to neoadjuvant chemoradiotherapy. They
identified an overexpression of miR-215, miR-190b,
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and miR-29b-2* in non-responder patients, while the
upregulation of let-7e, miR-196b, miR-450a, miR450b-5p and miR-99a* was associated with good
[262]
responders
. In another profiling study, Hotchi et
[263]
al
analyzed miRNA expression in rectal cancer
patients prior to pre-operative chemoradiotherapy
and correlated them to different methods to evaluate
the patients’ response. They found different miRNA
signatures that discriminated responders from non
responders. MiR-223 was the only miRNA common
to the different evaluation parameters: its expression
was significantly higher in responders compared
with non-responders and showed 100% and 78%
sensitivity and specificity, respectively, in the prediction
[263]
of response to pre-operative chemoradiotherapy
.
In the last few years some evidence on the potential
involvement of lncRNAs in molecular mechanisms
controlling cancer drug resistance has been reported.
Cancer Upregulated Drug Resistant (CUDR) is a
lncRNA upregulated in several cancers, including CRC.
Enforced overexpression of CUDR induced resistance
to doxorubicin and etoposide, as well as drug-induced
apoptosis in human squamous carcinoma A431
[264]
[265]
cells
. Lee et al
, by analyzing the expression of
90 lncRNAs in 5-FU-resistant CRC cell lines, found that
SnaR and BACE1AS were significantly downregulated
in resistant cell lines; decreased expression of SnaR
was responsible for increased cell viability after 5-FU
treatment. Recently, colorectal cancer-associated
lncRNA (CCAL) was found significantly upregulated
in CRC patients with worse response to adjuvant
[266]
chemotherapy
. CCAL regulates CRC progression
and multidrug resistance (MDR) through activation of
the Wnt pathway by suppressing AP-2α and leading to
[266]
upregulation of MDR1/P-gp expression .

CRC associated single nucleotide polymorphisms in
non-coding RNAs

According to the multigenic model of cancer deve
lopment, combinations of polymorphic genetic variants
in susceptibility genes could contribute to CRC risk.
Recently, functional polymorphisms in miRNAs or their
binding sites in mRNA targets have been discovered
in association with pathological phenotypes. A SNP
embedded in a miRNA sequence may alter miRNA
maturation or its targeting and, accordingly, contribute
to the onset and evolution of cancer. One of the first
studies showing a prognostic role of miRNA SNPs
in CRC reported a significant association of SNP
rs7372209 in pri-miR26a-1 to positive chemotherapy
response, and SNP rs1834306 in the pri-miR-100 to
longer time to progression, suggesting that miRNA
polymorphisms could be potential predictors of clinical
[267]
[268]
CRC outcome
. Xing et al
, by screening seven
SNPs in 408 CRC patients of a Chinese population,
identified two SNPs statistically associated with
prognostic features: rs6505162 in pre-miR-423 was
correlated to the overall survival and recurrence-
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free survival, while, rs4919510 in pre-miR-608 was
correlated with recurrence-free survival. CRC patients
with both SNPs had a 2.84-fold increased risk of
recurrence and/or death.These associations were
[268]
evident only in patients receiving chemotherapy
.
In another study, performed on 1,097 CRC patients
recruited at the University of Texas MD Anderson
Cancer Center, rs4919510 in miR-608 associated
with increased risk for recurrence and death, and
rs213210 in miR-219-1 in association with death of
[269]
patients with stage Ⅲ disease were found . Patients
carrying both SNPs showed a 5.6-fold increased risk of
death. SNP rs11614913 in miR-196a-2 was associated
to a significantly increased CRC risk in a Korean
[270]
population
. Association between rs11614913 and
CRC susceptibility was also valuated in two different
[271,272]
Chinese studies, but the results were conflicting
.
Recently, a study on SNP rs895819 in pre-miR-27a,
previously associated with different cancers, was
performed to valuate the potential association to
CRC susceptibility in a Han Chinese population: GG
genotype was significantly associated with risk of CRC
[273]
and metastasis .Data on association to CRC risk of
previously mentioned SNPs in miR-196a-2 and miR-27a
was not confirmed in a Central-European Caucasian
[274]
population
. The discrepancies in the diagnostic
potential of miRNA SNPs in CRC above reported
may be due to different molecular pathogenetic
mechanisms that differently contribute to cancer
or population-specific factors, such as the different
genetic backgrounds of the studied population. In
addiction to the above-mentioned SNP rs6983267
mapping to a genomic region abundant in lncRNAs,
five SNPs in the lncRNA PRNCR1 (prostate cancer
associated non-coding RNA 1) were investigated in a
Chinese case-control study of 313 cases with CRC and
[275]
595 ethnicity-matched controls . The final results of
this study were that rs13252298 and rs1456315 are
associated with significantly decreased risks of CRC.
Tumours of patients expressing rs1456315G were
larger than 5 cm. Patients expressing rs7007694C
and rs16901946G had a decreased risk of developing
poorly differentiated tumours; on the contrary,
expression of rs1456315G was found to be associated
[275]
with an increased risk .

NON-CODING RNAS IN BODY FLUIDS:
BIOLOGICAL AND DIAGNOSTIC
IMPLICATIONS
Among the most ambitious goals of oncology is the
application of fast and non-invasive methods for the
identification of specific biomarkers, to be applied to
diagnosis and prognosis (i.e., liquid biopsies): these
could be useful to discriminate between healthy
individuals and cancer patients or as markers of specific
responses to therapy. In this regard, blood is the
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election sample: it contains a high amount of important
biomolecules, such as proteins, hormones, metabolites,
DNA and different RNAs such as mRNAs and miRNAs.
The stoichiometric ratio of its components is highly
dynamic and reflects the health status of patients.
Blood sampling is fast and easy: serum and plasma
have been used for a long time as a source of bio
markers for different conditions. MiRNA profiling is an
established method for discriminating cancerous tissues
[276]
from their healthy counterparts
. The discovery, in
2008, of miRNAs in human plasma opened new in
[277,278]
triguing perspectives in cancer diagnosis
. An
important requisite of biomarkers is stability in the
medium where they are released: miRNAs have been
shown to be present in serum in a stable form that
prevents their digestion by RNases. Little is known
about the origin and features of serum miRNAs, but it
is known that they are cell-free molecules: therefore,
there have to be other ways to protect them from
[277]
degradation
. Currently, two major release mecha
nisms of circulating miRNAs have been proposed: (1)
active secretion of miRNA-containing shedding
[279]
microvesicles or exosomes ; and (2) active secretion
of miRNAs in the form of ribonucleoprotein com
[280]
plexes
. Exosomes have been described as a new
mechanism of cell-to-cell communication that has
[281]
similar features to hormonal signalling
. Exosomes
originate from inward budding of endosomal me
mbranes forming multivesicular bodies, which are
secreted into the extracellular environment when late
[282]
endosomes fuse with the plasma membrane . These
nanovesicles are produced by several cell types, both in
normal and pathological conditions, and were found in
[283-286]
serum and other body fluids
. Interestingly,
exosomes have been shown to carry a set of miRNAs
[281,287-289]
that are specifically targeted to them
. The
endosomal sorting complexes required for transport
(ESCRT) has been hypothesized to be major regulators
of types and amounts of biomolecules sorted into
[290]
exosomes (i.e., miRNAs, mRNAs, proteins)
. The
molecular mechanisms involved were uncharacterized
until recently. The identification of the role of
sumoylated hnRNPA2B1 in transfering miRNAs to
exosomes is the first evidence of a possible mechanism
involved in the specific miRNA sorting into
[291]
exosomes . Despite the great interest and growing
research in the exosome field, accumulating data
suggest that these nanovesicles contain only 10% of
circulating miRNAs, and that most of them are
[292]
[293]
associated with RBPs
. In 2011, Arroyo et al
found that the majority of circulating miRNAs are
destabilized by plasma digestion with proteinase K,
demonstrating that a protein complex is responsible for
their protection in the RNase-enriched plasma
environment. Notably, for the miRNAs that are not
carried by microvesicles or exosomes, a strong
association with Argonaute-2 protein was detected.
Another mechanism putatively involved in miRNA
preservation in serum is the packaging of circulating
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miRNAs in high-density lipoproteins (HDL), which in
turn can transfer them to recipient cells: this would
identify a potential new role for HDL particles in cell
[294]
communication
. Whatever the origin of circulating
miRNAs, their expression profiling has proven to have
prognostic relevance, as confirmed by several studies.
For instance, in 2008 it was shown for the first time
that miRNA profiling of circulating exosomes in ovarian
cancer patients could potentially be used as a noninvasive diagnostic method of this malignancy. Eight
miRNAs (miR-21, miR-141, miR-200a, miR-200c, miR200b, miR-203, miR-205 and miR-214), known to have
a diagnostic value in ovarian cancer tissues, were
shown to have the same expression pattern in the
exosomes of cancer patients: this was different than
[295]
that of healthy controls . Moreover, it has been noted
that tumour cells possess increased exosome-shedding
[295]
properties compared with normal cells
. In 2009,
[296]
Rabinowits et al
made similar observations in lung
cancer patients; in addition, they showed that the
serum of lung adenocarcinoma patients is highly
enriched in exosomes compared with healthy patients.
[297]
In 2014, Eichelser et al
showed that cell-free
miR-101 and miR-373 can be used as breast cancerspecific markers, and that exosomal miR-373, whose
expression is increased in Erb-b2 receptor tyrosine
kinase 2 (ERBB2/HER2) - negative tumours, has a
potential role as a blood-based biomarker for more
aggressive tumours. High levels of exosomes in the
plasma of CRC patients are secreted by poorly
differentiated tumours and are associated with
[298]
decreased overall survival
. Serum levels of
exosomal let-7a, miR-21, miR-23a, miR-150, miR-223,
miR-1229, and miR-1246 were significantly higher in
primary CRC patients at any disease stage than in
healthy controls; these miRNAs were significantly
[299]
downregulated after surgical resection of tumours .
Interestingly, exosomes secreted by colon tumour cells
play a key role in the recruitment of inflammatory
+
+
+
CCR6 CD4 Th17 into tumour sites and subsequently
[300]
[289,301]
promote tumour growth
. Ragusa et al
have
demonstrated significant alterations of exosomal
miRNA cargo in CRC cells following treatment with
Cetuximab. The most upregulated miRNAs in exosomes
from Caco-2 and HCT-116 cells perform a dual
biological function: (1) negative regulation of
proliferation or apoptosis induction in cancer cells; and
(2) immunosuppression in B- and T- cells. In the last
few years, several papers reported the discovery of
circulating miRNAs with potential diagnostic or
prognostic power in CRC patients (Table 5). The first
study on plasma miRNA profiling, performed on 90
CRC patients and 50 healthy controls, showed the
significant upregulation of miR-17-3p and miR-92a
(both encoded by the miR-17-92 cluster). The authors
suggested that elevated plasma levels of miR-92a were
not associated with inflammation or other gastro
[302]
intestinal cancers, but most likely were CRC-related .
Upregulation of miR-92a (together with miR-29a) in
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Table 5 Diagnostic and prognostic circulating non-coding RNAs in colorectal cancer
Clinical feature

Oncogene ncRNAs

Tumor suppressor
ncRNAs

Diagnostic

miR-17-3p, miR-92a, miR-29a, miR-18a, miR-19a, miR-601, miR-760,
miR-19b, miR-15b, miR-335, miR-221, exo-let-7a,
miR-143
exo-miR-1229, exo-miR-1246, exo-miR-150, exomiR-21, exo-miR-223, exo-miR-23a, miR-378, miR-21,
CRNDE, miR-155, miR-200c, miR-210
Metastasis detection
miR-29a, miR-21
Survival
miR-141, miR-221, miR-21
Tumour size
miR-21
Tumour stage
miR-141

PMID
19201770, 19876917, 23267864, 22970209, 20880178,
24705249, 25547322, 22868372, 22393467, 24310813

22018950, 23704278
21445232, 20880178, 23704278
23704278
21445232

Cancer-related phenotypes that may be predicted by expression analysis of plasma/serum circulating oncogenic and tumor suppressive non-coding RNAs
(ncRNAs). Exo-miR: MiRNAs purified from exosomes.

[303]

plasma was also reported by Huang et al
. They
strengthened these data showing that levels of both
miR-29a and miR-92a were signiﬁcantly reduced in
post-operative plasma samples when compared with
pre-operative samples. In a different study, the same
authors found that the levels of plasma miR-601 and
miR-760 were significantly decreased in CRC compared
[304]
with healthy controls . It is interesting to note that
by adding expression data of miR-29a and miR-92a for
combined receiver operating characteristic (ROC) curve
analysis with miR-760, the resulting AUC (Area Under
Curve) increased to 0.943 with 83.3% sensitivity and
93.1% specificity in discriminating CRC from controls:
this suggests the additive effect in diagnostic power of
[304]
these 3 miRNAs
. Overexpression of miR-29a was
also detected in the serum of CRC patients with liver
metastases, but not in CRC patients without me
tastases: this suggests its potential as a novel noninvasive biomarker for early detection of CRC with liver
[305]
metastasis
. By genome-wide miRNA expression
profiling on 196 plasma samples from 123 patients
with sporadic CRC and 73 healthy individuals, Giráldez
[306]
et al
found significant upregulation of 6 miRNAs (i.e.,
miR-15b, miR-18a, miR-19a, miR-19b, miR-29a, and
miR-335), suggesting specific expression patterns to be
considered as biomarkers for CRC. Upregulation of
miR-141 levels was demonstrated in plasma of CRC
patients with stage Ⅳ with respect to patients with
stages Ⅰ-Ⅱ and unaffected controls; they were also
associated with shorter survival. These expression
differences of miR-141 may be related to a differential
[307]
inflammatory response in CRC patients
. Similarly,
the expression levels of miR-221 in plasma of CRC
patients are significantly higher than in the healthy
controls. According to the Kaplan-Meier analysis,
upregulation of miR-221 is a significant prognostic
factor for poor overall survival in CRC patients: patients
with higher miR-221 plasma levels had dramatically
lower survival rates than those belonging to the low
[308]
expression group
. Upregulation of miR-155, miR200c, and miR-210 from serum of CRC patients was
[309]
reported by Chen et al
Expression levels of these
miRNAs returned to normal levels in patients with good
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prognosis after surgery and chemotherapy. Unsur
prisingly, several authors reported high levels of miR-21
in plasma and serum of CRC. Upregulation of plasma
miR-21 discriminates CRC patients from controls with
[310]
90% specificity and sensitivity
. MiR-21 levels are
significantly elevated in preoperative serum from
patients with adenomas and CRCs. High miR-21
expression in serum is statistically associated with
[311]
tumour size, distant metastases, and poor survival .
[312]
Recently, Monzo et al
showed that miR-21 ex
pression was higher in plasma from blood drawn from
the mesenteric veins (MV), near the site of primary
CRC than in that drawn from the peripheral veins (PV)
of the same CRC patients. Moreover, high levels of
miR-21 in MV plasma were associated with shorter
disease-free survival of patients. These data suggested
that CRC cells release high concentrations of miR-21 in
the MV, but that these concentrations are progressively
diluted in the peripheral circulatory system. Accordingly,
miR-21 dosage from MV would be a stronger prognostic
[313]
CRC marker than from PV. Recently, Clancy et al
analyzed miRNA expression in serum of CRC patients
in a literature review on about twenty different
published studies: they reported that the 6 circulating
miRNAs most frequently found to be dysregulated in
CRC are miR-18a-5p, miR-21-5p, miR-29a-5p, miR92a-5p, miR-143-5p and miR-378-5p. Recently, there
has been a notable increase of reports on serum or
plasma lncRNAs, potentially useful as biomarkers for
different types of tumours. One of the first studies
associating circulating lncRNA expression to specific
cancers reports the upregulation of lncRNA HULC in
[252]
blood samples of hepatocellular carcinoma patients .
The lncRNA H19 has been found to be highly expressed
in the plasma of gastric cancer patients compared with
healthy controls, and its levels significantly decrease
[314]
after tumour resection
. Recently, a three lncRNA
[urothelial cancer associated 1 (UCA1/CUDR), long
stress-induced non-coding transcript 5 (LSINCT-5),
phosphatase and tensin homolog pseudogene 1
(PTENP1)] signature in serum was identified as a
[315]
[316]
diagnostic marker for gastric cancers . Tong et al
identified the lncRNA POU3F3 (POU class 3 homeobox
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Figure 1 Non-coding network of colorectal cancer. Molecular signalling of non-coding RNAs [i.e., microRNAs (miRNAs) and long non-coding RNAs (lncRNAs)] in
most common cancer-related pathways involved in CRC etiopathogenesis (i.e., KRAS/ERK, WNT, and EMT). RNA-RNA and RNA-protein interactions were retrieved
from literature cited in this review. Lines with arrowheads represent expression activation, those with bars represent expression inhibition. Dotted lines show indirect
interactions.

3) as a novel serum biomarker for esophageal squ
amous cell carcinoma, showing that combining POU3F3
expression with plasma levels of the squamous cell
carcinoma antigen notably improves efficiency of
screening for early detection. Quite surprisingly, only
one report has been published to date on the ex
pression of circulating lncRNAs as potential noninvasive diagnostic markers in CRC. The expression
level of CRNDE-h transcript in plasma of CRC patients
was significantly higher than that of healthy controls,
with a sensitivity of 87% and specificity of 93% for
[233]
diagnosing CRC
(Table 5).

FROM A COMPLEX NON-CODING RNA
NETWORK TO NEW THERAPEUTIC
TARGETS
We have discussed the multiple lines of evidence that
pinpoint ncRNAs as key regulators of global gene
expression for cancer-related processes. NcRNAs
appear to constitute multiple control layers that define
the correct functioning of classically known coding
layers in cells: they perform this job by modulating
chromatin architecture and genome expression (RNA
synthesis, stability, processing and translation). The
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existence of this sophisticated RNA-based regulatory
system has important biological and biomedical
consequences. Indeed, it could appropriately explain
the diversity of phenotypes of mammals, despite their
relatively similar proteomes. On the other hand, it is
becoming increasingly clear that alterations of these
regulatory RNA signals may cause cells to acquire a
pathological phenotype, including cancer, as reported
for CRC in this review. Both miRNAs and lncRNAs
contribute to bring about dysfunctions of critical CRC
signalling pathways, such as KRAS/ERK, WNT, and EMT
(Figure 1). RNA-based regulation in CRC constitutes a
complex, and only partially explored, network of RNARNA, RNA-protein interactions that performs a mu
ltilayered control on proliferation, invasion, and
differentiation in CRC cells. The complexity of this
scenario is increased by the presence of several positive
and negative regulatory loops. For instance, the miRNA
cluster 17-92 represses E2F2, which in turn trans
criptionally controls MYC. On the other hand, MYC acts
[317]
as a transcriptional activator for the cluster 17-92 .
Moreover, several ncRNAs act as mediators in the
cross-talk between different molecular processes in
CRC. For instance, MALAT1 induces the expression of
E2F2, thus altering MYC signalling and increasing
proliferation; it also activates the expression of ZEB1,
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causing the impairment of epithelial differentiation.
Indeed, these apparently different non-coding lan
dscapes converge into a unique RNA network that
pervades and controls protein-coding patterns. This key
role of ncRNAs makes them very attractive and
promising targets for innovative therapeutic ap
proaches. Compared with other strategies, RNA-based
therapeutics have several advantages. RNAs are
molecules more “druggable” than proteins, because
their targeting is mainly based on nucleic acid
complementarity, and therefore easy to design and
inexpensive to synthesize. RNA-based therapeutic
approaches can be divided into two different categories:
(1) RNA inhibition therapy, when target RNA is
overexpressed; and (2) RNA replacement therapy,
when the ncRNA is repressed (this is more feasible for
miRNAs). A widely used method for miRNA inhibition is
the use of chemically modified oligonucleotides
complementary to mature miRNAs (antagomiRs).
AntagomiRs quench target miRNAs, which may induce
[318]
miRISC disruption and miRNA degradation . MiRNA
sponges with multiple complementary 3’UTR mRNA
sites have been developed to inhibit the activity of
[319]
miRNA families sharing a common target sequence .
Another approach to specifically inhibit miRNA function
is to exploit miRNA masks (miR-Masks): these are
complementary to the binding sites in the 3’UTR of the
target mRNA, so that the miRNA is no longer able to
[320]
perform its repressive activity . MiRNA replacement
therapy is based on the restoration of tumour sup
pressive miRNAs, expressed at lower levels in cancer.
This can be obtained by inserting oligonucleotide
mimics, containing the same sequence as the mature
endogenous miRNAs, into the cells; alternatively,
[321,322]
synthetic pre-miRNA mimics can be used
. The
depletion of oncogenic lncRNAs could be obtained by
using similar approaches to those applied to miRNAs:
siRNAs and shRNAs (small hairpin RNAs) exhibit great
RNA selectivity and knockdown efficiency and utilize a
[323]
similar silencing molecular mechanism (RISC)
.
However, in the last few years new appealing methods
have been developed, which have the potential to
substitute RNAi-based approaches [i.e., antisense
oligonucleotides (ASOs), ribozymes and aptamers].
ASOs are single stranded DNAs or RNAs (8-50 nt) with
[324]
sequence complementary to their target RNAs
.
When ASOs bind to target RNAs, RNase H1 recognizes
the DNA:RNA/RNA:RNA heteroduplexes and catalyzes
[324]
the cleavage of the RNA molecules . Because ASOmediated silencing is independent from the RISC
machinery, this technology produces less off-targeting
effects than siRNAs. As a consequence of their doublestranded structure, siRNAs and shRNAs may trigger an
innate immune response and induce high levels of
inflammatory cytokines and a toll-like receptor (TLR)mediated response; such effects are less evident for
[325]
single-stranded molecules . Ribozymes are naturally
synthesized RNA molecules that are able to degrade
other RNAs by their intrinsic catalytic functions: their

WJG|www.wjgnet.com

potential application as a therapeutic cancer tool has
[326]
been already mentioned
. Ribozymes bind their
targets by complementarity and catalyze cleavage of
target RNAs, destabilizing their phosphodiester
[326]
backbone . An important hurdle to antisense-based
lncRNA modulation is the presence of extensive
secondary structures along these RNA molecules.
Indeed, the effectiveness of siRNAs/shRNAs, ASOs and
ribozymes could be seriously impaired by secondary
[327]
structures in target RNAs
. This obstacle could be
overcome by aptamers as their targeting mechanism is
[328]
independent from sequence complementarity
.
Aptamers are short DNA or RNA oligonucleotides or
peptides with a stable three-dimensional structure that
specifically bind to their targets (i.e., RNAs, proteins,
and small molecules) by fitting the three-dimensional
[329]
shape of their ligands . Aptamers would be able to
recognize distinct RNA structures through tertiary
interactions and alter their functions by sequestering
them or masking potential binding sites. These RNAbased therapeutic strategies applied to ncRNAs have
already shown very promising results in cancer, in
cluding CRC. The reintroduction of miR-145 has been
demonstrated to perform an antitumoral role in a
[321]
mouse model of colon cancer . In vivo depletion of
miR-21 by ASOs strongly inhibits pancreatic ductal
adenocarcinoma tumour growth by inducing cell
[330]
death . Targeting MALAT1 and HOTAIR with ASOs in
mouse xenograft models prevented lung metastasis
and inhibited pancreatic tumour growth, respec
[331,332]
tively
. However, the main issue related to ncRNA
therapeutics is to find a delivery mechanism that would
allow their stability in the circulation and efficient
tissue-specific uptake, at the same time minimizing off[333]
target side effects . Rapid progress in drug delivery
systems has provided optimistic perspectives for
[334]
advances in this field
. Different chemical groups,
such as steroids and cholesterol, can be covalently
added to miRNAs or ASOs to improve intracellular
[335]
uptake and extend circulation time . Further delivery
mechanisms are the use of adenoviral vectors as
carriers of RNA therapeutics, cationic liposomes, or
polymer-based nanoparticles, which are able to form
[336]
micelle-like structures . Recently, an exosomal-based
miRNA delivery has been reported to be an effective
therapeutic delivery system because these nano
particles are less toxic and better tolerated by the
organism. Moreover, they are naturally used by cells for
intercellular communication, and have been proven to
[337]
protect their molecular cargo in the circulation . For
the development of RNA therapeutic strategies, it is
interesting to consider that several biological functions
of miRNAs and lncRNAs may be partially redundant
(Figure 1): accordingly, it may be quite difficult to
modulate them by targeting a single ncRNA mo
[338]
lecule
. This should lead researchers to develop
multitargeted RNA therapies in order to increase their
impact on oncogenic molecular signalling. For instance,
to attenuate KRAS overfunctioning in CRC, exogenous
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let-7 miRNAs could be introduced to repress KRAS
expression; concomitantly, ASOs against lncRNA H19
could be applied to deplete its action as a molecular
sponge of the let-7 family. This would strengthen the
antiproliferative effects triggered by KRAS repression.
Such synergic approaches have already provided very
encouraging results by simultaneously administrating
miRNA mimics, siRNAs and shRNAs against mRNAs in
[339]
in vitro and in vivo models . Finally, despite the high
number of putatively “druggable” ncRNAs, it is clear
that researchers still have to overcome many con
ceptual and technical challenges to develop effective
anticancer strategies that can be applied to patients.
However, the results obtained so far are promising and
provide optimistic perspectives for the future of
anticancer treatments.

FUTURE PERSPECTIVES ON THE
CLINICAL UTILITY OF NON-CODING
RNAS
Experimental evidence of the potential predictive and
prognostic value of cellular and circulating ncRNAs
strongly suggests the possibility of exploiting them as
useful clinical tools for cancer management. Expression
changes of specific ncRNAs can be detected in CRC
tissues, utilizing slide-based staining assays: these are
standard diagnostic procedures in clinical laboratories.
Analysis of plasma or serum ncRNAs could detect
tumour biomarkers through PCR at the preoperative
stage, indicating their value as early-diagnostic tools.
Notwithstanding this, only few reliable diagnostic tests,
based on dosage of ncRNAs, have been developed
and commercialized to date (e.g., the miRNA-based
diagnostic tests of Rosetta Genomics). This slow clinical
translatability could be due to different biological and
technical factors. Many pre-analytical and analytical
factors, including those that are donor/patient-related,
can interfere with accurate ncRNA quantification. Due
to non homogeneous technical approaches or to real
biological heterogeneity of different patient cohorts,
expression profiles obtained by various research
groups may be different. The real predictive power
of these profiles has to be carefully investigated on
extended cohorts of patients to understand their actual
clinical significance; for instance, data reported on the
prognostic value of cellular miR-31 in CRC seem to
be very promising, but no univocal results have been
obtained to date. Many researchers have compared
different protocols for plasma/serum preparation and
analyzed the differences between the two biological
fluids in terms of amount of circulating miRNAs, but
[277,340,341]
contrasting results have been obtained
. This
inconsistency could be explained by the different
methods used for the separation of plasma and serum
from whole blood (such as different centrifugation
protocols): these could lead to different amounts of
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[342,343]

blood cell contamination
. However, the effective
tumour-specificity of ncRNAs as blood biomarkers
remains to be substantiated. Many circulating ncRNAs,
whose increased expression had been associated to
CRC, could also be related to the presence of other
neoplastic diseases. In three independent metaanalysis studies, the diagnostic value of circulating
miR-21 in CRC was verified: the authors reported that
miR-21 has a moderate potential diagnostic value for
[344-346]
CRC
. However, several papers on different types
of carcinoma have also proposed circulating miR-21
[347-349]
as a diagnostic marker of cancer
. Accordingly,
the common upregulation of miR-21 in the blood of
patients with different types of cancers makes it a
[350]
poorly specific diagnostic marker. In fact, Wang et al
analyzed the value of circulating miR-21 and reached
the conclusion that it might be considered a relevant
prognostic biomarker in general carcinomas, but not
a sensitive specific diagnostic biomarker. The same
observations could also be applied to other CRC-related
circulating RNA molecules, commonly found in patients
with different tumours or other pathological conditions
(e.g., miR-17, miR-18a, miR-20a, miR-29a, and miR[351-354]
92a)
. Definitively, all these considerations would
suggest that ncRNA-based diagnostic approaches
have to be greatly improved. CRC screening should
be based on a complex panel of different RNA species
(both miRNAs and lncRNAs), rather than on a single
or few RNAs. Simultaneous dosage of multiple RNAs
having complementary discriminatory and prognostic
power could represent a powerful predictive tool. This
approach could be improved by analyzing the ratio of
expression levels among different ncRNAs (as combined
biomarkers), rather than evaluating the concentrations
[348,355,356]
of single RNAs
. Finally, the use of ncRNAbased assays will open new and interesting fields in
the screening and monitoring of cancers, including
CRC. However, many issues must be addressed before
these findings can be translated into a clinically useful
screening strategy for CRC patients.

CONCLUSION
The literature on ncRNAs in CRC has grown conside
rably over the last decade, confirming their role in this
neoplasia. Based on this huge amount of data, there is
no doubt that ncRNAs will be important biomarkers in
cancer diagnosis and prognosis, as well as therapeutic
[357]
targets for the treatment of CRC . However, before
ncRNAs are routinely applied to clinical settings, it will
be critically important to activate large collaborative
efforts to fully realize the clinical potential of this
approach. Moreover, a deeper knowledge on ncRNA
molecular targets, together with new selective methods
for RNA delivery to cancer cells, would lead to great
benefits for the treatment and management of CRC.
NcRNA biomarkers and RNA-based therapies are very
promising tools and approaches to supplement current
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diagnostic/prognostic and therapeutic strategies for
CRC.
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not neuroendocrine differentiation itself, but its
association with poor grade of tumor differentiation,
lymph node metastases, distant metastases and
other unfavorable features contribute to worse clinical
outcome. However, other studies deny a relationship
between neuroendocrine differentiation and prognosis
of colorectal cancer. This review elucidates, whether
new insights into the origin of neuroendocrine dif
ferentiation in the intestinal epithelium, its regulation
by mTOR pathway components and its possible link to
the intestinal stem cell compartment could determine a
role of neuroendocrine cells as prognostic marker and
putative therapeutic target in sporadic colorectal cancer.
Key words: Neuroendocrine differentiation; Colorectal
cancer; mTOR pathway; Neuroendocrine tumorigenesis;
Targeted therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Neuroendocrine differentiation in sporadic
colorectal cancer has been recognized since deca
des. In contrast to the clinico-pathologically welldefined pure neuroendocrine tumors and mixed
adenoneuroendocrine carcinomas of the colon and
rectum, the clinical impact of focal neuroendocrine
differentiation in colorectal carcinomas is still con
troversially discussed. Further insights into the
regulation of neuroendocrine differentiation by mTOR
pathway components and recent knowledge about a
link of enteroendocrine cells to the intestinal stem cell
compartment hint at a role of neuroendocrine cells as
prognostic marker and putative therapeutic target in
sporadic colorectal cancer.

Abstract
Neuroendocrine differentiation in sporadic colorectal
cancer has been recognized since decades, but its
clinical impact is still controversially discussed. Detailed
parameter analyses hint at the possibility that probably
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INTRODUCTION
Colorectal cancer (CRC) is the third most commonly
diagnosed cancer and the fourth leading cause of
[1]
cancer-related death worldwide . More than 50% of
patients with CRC experience recurrence or metastases
[2]
despite of curative operations . Cytotoxic drugs
applied as monotherapy or combined with monoclonal
antibodies targeting proangiogenic vascular endothelial
growth factor (VEGF) and epidermal growth factor
[3,4]
receptor (EGFR) have been shown to prolong survival .
However, a proportion of patients gain little or even
[5]
no benefit from these therapeutic regimens . These
facts underline the need to increase knowledge about
special phenotypes, somatic genetic alterations and
signaling pathways, which can be translated into
prognostic markers or new molecularly defined targets
for therapy of CRC.
The recent approval of new drugs for the treatment
of advanced pancreatic neuroendocrine tumors
brought neuroendocrine differentiation of tumor tissue,
also beyond the pancreaticobiliary tract, into the
[6-8]
focus of oncologists . Whereas pure neuroendocrine
tumors (NET) of the gastrointestinal tract have been
established as well defined entities, the prognostic and
therapeutic relevance of neuroendocrine differentiation
in sporadic colorectal cancer has been less extensively
evaluated. Insights into the histogenesis, epidemiology
and pathogenetic links to known cancer pathways are
necessary to elucidate the sufficiency of neuroendocrine
cells as prognostic marker or new target for the
therapy of CRC.

ORIGIN OF ENTEROENDOCRINE CELLS
Enteroendocrine cells comprise approximately 1%
of epithelial cells in the gastrointestinal system and
represent the largest population of hormone-producing
[9]
cells in the body .
Detailed investigation revealed that enteroendocrine
precursor cells differentiate immediately from self[10]
renewing Lgr5+ intestinal stem cells . This lineage
differentiation depends on a regulatory cascade
[10]
involving Notch signaling , the hairy enhancer of
split (HES) transcription repressor and proendocrine
[11]
basic helix-loop-helix (bHLH) transcription factors .
Expression of proendocrine bHLH factors, which
is positively influenced by inactivation of Notch
[11]
signaling , enables cells to differentiate toward
divergent subsets of mature hormone-producing
[12,13]
endocrine cells
. Several key transcription factors
are involved in the regulation of enteroendocrine
[14]
cell differentiation , which takes place within the
crypts. Completely differentiated enteroendocrine
cells are mainly determined to migrate upward along
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the villus as mature hormone-producing cells
.
However, a small population of enteroendocrine cells
migrates downwards to the bottom of the crypt or
[15]
stays localized at the crypt base , where they reside
in a Wnt signaling active zone and express both stem
[16]
and postmitotic mature endocrine cell markers . In
both, intestinal and enteroendorine cell populations,
expression of stem cell markers and continuous
exposure to Wnt signaling could be hallmarks of cells,
[16,17]
which are susceptible to neoplastic transformation
.
However, data from a mouse model indicate
that probably not these terminally differentiated
enteroendocrine cells, but their early precursors
respond to abnormal Wnt signaling by develop
ing serotonin-expressing adenomas of the small
[18]
intestine . The concept that exocrine and endocrine
components of CRC have the same cellular origin is
supported by studies on mixed adenoneuroendocrine
carcinomas (MANEC) and neuroendocrine carcinomas
with minor associated exocrine components, which
could demonstrate that both components share
somatic mutations in several genes as APC, TP53,
DCC, KRAS, BRAF, ATM, CTNNB1, ERBB4, JAK3,
[19-22]
KDR, RB1, BCL9, FOXP1
and display identical
LOH pattern on different chromosome loci as 5q,
[23]
17p, 18q . Evidence of an additional mutation
[22]
(SMARCA4)
or LOH involving 6q, 11p, 18q, APC
[23]
marker and chromosome 3
in the endocrine tumor
cell population could indicate that this component
corresponds to a higher grade transformation of the
[20]
tumor .
According to these data from mouse and human
models, higher grade tumor transformation via
development of neuroendocrine compartments
can occur in every stage of intestinal or colorectal
carcinogenesis and, furthermore, it could be even
therapy-related. Probably both, pre- and postoperative
as well as cytotoxic and radiation therapy could
induce trans-differentiation in carcinomas with
completely developed phenotype as indicated by
the finding of increased neuroendocrine cells in a
subset of distant metastatic compared to primary
[24]
colorectal carcinomas
and in neoadjuvant treated
[25]
compared to untreated rectal carcinomas . This
trans-differentiation from non-neuroendocrine
to neuroendocrine tumor cells has already been
proven for prostate cancer in an androgen-deprived
[26,27]
environment
and is essentially associated with the
phosphatidylinositol 3-kinase-Akt-mammalian target
[28]
of rapamycin (PI3K-Akt-mTOR) pathway . Studies on
both experimental and human sporadic neuroendocrine
tumors (NETs) and on familial syndromes, in which
NETs arise, point to the involvement of mTOR pathway
components in neuroendocrine tumorigenesis in
[29]
general . Proven or putative activators of the mTOR
pathway are mutations in upstream regulators of
mTOR (PTEN and TSC2) and overexpression of a
microRNA (miR-21) that targets PTEN and reduces
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VEGF/VEGFR

miR-21

[29-31]

its expression
as displayed in Figure 1 (modified
[29]
[32]
according to Cingarlini et al
and McCubrey et al ).
The association between neuroendocrine transdifferentiation and mTOR pathway could be important
for new targeted therapy regimens as discussed later
in this review.

IGF-1/IGFR

IRS1
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PI3K
p85, p110α

PIP3

NEUROENDOCRINE DIFFERENTIATION
IN COLORECTAL TUMORS: DIAGNOSIS,
CLASSIFICATION AND EPIDEMIOLOGY

PIP2

Akt

TSC2
TSC1

Rheb

mTORC1
FKBP38

PRAS40

DEPTOR

mLST8

mTOR

Raptor

4E-BP1

p70S6K

Effect on cell growth and survival

Figure 1 The PI3K/PTEN/Akt/mTOR-cascade (Modified according to
Cingarlini et al[29] and McCubrey et al[32]). Phosphatidylinositol-3-kinase (PI3K)
is a heterodimeric protein with an p85-kDA regulatory subunit and a p110αkDa catalytic subunit (PIK3CA). PI3K phosphorylates membrane phospholipids,
thereby forming the second messenger lipids phosphatidylinositol
3,4-biphosphate (PIP2) and phosphatidylinositol 3,4,5-triphosphate (PIP3).
Pleckstrin-homology (PH) domain of kinase Akt binds to PIP3, thereby
promoting activation of Akt via phosphorylation by phosphotidylinositidedependent kinase 1 (PDK1, not displayed in the Figure). Akt inhibits tuberous
sclerosis 2 (TSC2 or tuberin) function through direct phosphorylation. TSC2
phosphorylation by Akt represses activity of the TSC1/TSC2 complex, allowing
the small GTPase Rheb to activate the protein kinase function of mTOR
(mammalian target of rapamycin). mTOR forms the catalytic core of the
mTORC1 complex, which comprises additionally Raptor (Regulatory associated
protein of mTOR) adaptor protein, DEPTOR (DEP domain containing mTORinteracting protein), mLST8 (member of the Lethal-with-Sec-Thirteen gene
family), FKBP38 (FK506 binding protein 38), and PRAS40 (proline-rich
Akt substrate 40 kDa protein). Activated mTOR phosphorylates p70S6K,
which induces a negative feedback loop uncoupling IRS-1 (insulin receptor
substrate-1) from PI3K, thus preventing further signal transduction through this
pathway. Negative regulation of the PI3K pathway is primarily accomplished
though the PTEN tumor suppressor protein, which dephosphorylates
phosphoinositide substrates as PIP3. Expression of PTEN is regulated by
microRNA miR-21.
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Neuroendocrine cells in non-neoplastic and neoplastic
tissue of the gastrointestinal tract and nerve elements
express a panel of identical antigens, which are used as
[33]
neuroendocrine markers . The markers synaptophysin,
chromogranin A, B and C, HISL-19, neuron-specific
enolase (NSE), the proprotein convertases PC2 and
PC3, the lymphoreticular epitope Leu-7, and the neural
cell adhesion molecule (or CD56) are sufficient to reveal
[33,34]
neuroendocrine differentiation
independent of
[35]
hormone production . An example for synaptophysin
expression in a colorectal adenocarcinoma is displayed
in Figure 2. In addition, syntaxin1, VAMP2, SNAP25,
[36]
[37]
alpha/beta-SNAP and L-dopa decarboxylase (DDC)
have been used as neuroendocrine markers. In the
pre-immunohistochemistry era, the Churukian-Schenk
[38]
[39]
argyrophil stain
and the Grimelius stain
were
applied to demonstrate neuroendocrine cells, which are
argyrophilic. The currently known 15 neuroendocrine
cell types of the gastrointestinal tract and pancreas
produce different hormones, but all of them express the
[40]
general neuroendocrine marker synaptophysin .
In accordance with the consensus guidelines of the
[41,42]
European Neuroendocrine Tumor Society (ENETS)
,
the current WHO classification for gastrointestinal
[43]
neuroendocrine tumors
applies a grading system
based on mitotic activity and the percentage of Ki-67
labeled proliferating cells: Grade 1, grade 2 and grade
3 (= neuroendocrine carcinoma) are defined by mitotic
counts of < 2/10 high power fields (HPF), 2-20/10 HPF
and > 20/10 HPF, respectively, and/or by Ki-67 indices
of ≤ 2%, 3%-20% and > 20%, respectively. A fourth
group, mixed adenoneuroendocrine carcinoma (MANEC)
is morphologically recognizable as both gland-forming
epithelial and neuroendocrine phenotype, with each
[43]
component representing at least 30% of the lesion .
An additional category considering neuroendocrine
differentiation less than 30%, but above the level
reported for normal colorectal epithelium (> 1 cell/
2[44,45]
[36]
mm
, > 2% ) similar to that proposed previously
[46]
by Jansson et al has not been defined by the current
[43]
WHO classification . However, a detailed study on
colorectal tumors with mixed glandular-neuroendocrine
[47]
differentiation
revealed that also neuroendocrine
tumor components comprising less than the currently
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Figure 2 Primary colorectal cancer with focal synaptophysin expression
(magnification × 200).

used 30% cut off could have negative impact on the
clinical course and patient outcome, which sets the
occasional finding of isolated neuroendocrine cells in
colorectal cancer into a new focus.
In sporadic colorectal cancer, neuroendocrine cells have
[24,25,36,38,39,45,48-63]
been identified in 8%-77.5% of cases
,
largely depending on the method used to assess the
[24]
neuroendocrine cell population . Neuroendocrine
differentiation occurs also in hereditary non polyposis
[64]
colorectal cancer (HNPCC, 51.4%) .

HISTOPATHOLOGICAL AND CLINICAL
FEATURES OF SPORADIC COLORECTAL
CANCER WITH NEUROENDOCRINE
DIFFERENTIATION
Chromogranin A and synaptophysin are the most
frequently used markers to study the link between
neuroendocrine differentiation and clinicopathological
characteristics. These markers are expressed in
divergent patterns: Co-expression of chromogranin A
[63,65]
and synaptophysin
occurs as well as predominance
of one marker concomitant with absence of the other
[65,66]
marker
.
Studies focusing on the relationship between
occasional neuroendocrine differentiation (i.e., <
30%) and clinicopathological parameters in sporadic
[24,25,39-71]
colorectal cancer are summarized in Table 1
.
Detailed parameter analyses hint at the possibility
that not neuroendocrine differentiation itself, but its
association with poor grade of tumor differentiation,
lymph node metastases, distant metastases and other
unfavorable features contribute to the worse prognosis
of sporadic CRC with neuroendocrine differentiation,
which has been reported by several authors (Table 1).
However, other authors deny a relationship between
neuroendocrine differentiation and the prognosis of
CRC (Table 1).
The assumption of a causal relationship between
neuroendocrine differentiation and tumor differentiation
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is growing stronger after introduction of a new his
tologic grading system based on the number of poorly
[72,73]
differentiated cell clusters (PDC) in CRC
. In a
study of 20 consecutive CRCs with high grade PDCs
(≥ 10 clusters, grade Ⅲ CRCs), the PDCs, but not
[74]
the glandular part expressed synaptophysin . This
could be the morphologic correlate for the previously
discussed “trans-differentiation”, which initiates the
[20]
development of a more aggressive tumor .
The presence of neuroendocrine cells in the proli
ferative compartments of gastrointestinal adenocarci
[38,63]
nomas is well-documented
. Moreover, according
to recent knowledge obtained from an adult Drosophila
midgut model, enteroendocrine cells could function
as local regulators of intestinal stem cell proliferation
through modulation of the mesenchymal stem cell
[75]
niche . These findings could hint at the importance
of neuroendocrine cells for both, maintenance and
progression of tumors, thus contributing to the
development of CRC with high survival potential and
aggressiveness.
Further evidence for an indirect impact of neuro
endocrine cells on the clinical outcome of CRC is
given by the previously published link between chro
mogranin A/antioxidant enzyme co-expressing CRC
cells and unfavorable prognosis, probably due to
activated antioxidant defense and higher metabolic
[76]
activity of the tumors . In addition, high expression
of MTOR or its downstream targets p-RPS6KB1, p-RPS6
and p-EIF4EBP1 is associated with adverse clinical
[77]
outcomes in neuroendocrine tumors , but this link
has not been investigated for neuroendocrine foci
within sporadic CRC.

NEUROENDOCRINE DIFFERENTIATION
AND THERAPY OF SPORADIC
COLORECTAL CANCER
Neuroendocrine differentiation has been recognized
as result of therapy and is getting into the focus of
oncologist as target for new treatment approaches.
[25]
Shia et al
demonstrated an increased frequency
and density of cells with an endocrine phenotype in
rectal adenocarcinomas treated with neoadjuvant
radiochemotherapy and found that the extent of
endocrine cells appeared proportional to the degree of
treatment response. This therapy-related endocrine
differentiation of tumor cells could be induced by
[25]
cytotoxic insult .
The approval of new drugs for the treatment
[6-8]
of advanced pancreatic neuroendocrine tumors
harbored the possibility to extend the therapeutic
spectrum also for neuroendocrine differentiated
tumors beyond the pancreaticobiliary tract. Everolimus
plus octreotide long-acting repeatable (LAR) showed
significant benefits and improved outcomes for patients
[78]
with advanced colorectal neuroendocrine tumors .

11743

November 7, 2015|Volume 21|Issue 41|

Kleist B et al . Neuroendocrine differentiation in CRC
Table 1 Relationship between neuroendocrine differentiation and clinico-pathological parameters
Clinical parameter
Age
Gender
Preoperative conditions
Tumor markers
DNA ploidy
TP53 expression

BCL-2 expression
Ki-67 labeling index
Tumor localization

Link to neuroendocrine differentiation

Ref.

No
No
Association with lower CEA levels

[39, 55, 63]
[39, 55, 63]
[63]

No
No
Similar abnormal expression as in conventional
adenocarcinomas
Yes
Very low (< 5%)
No
No
Yes

[50]
[50, 67]
[25]
[68]
[25]
[24]
[24, 25, 39, 45, 48-50, 53, 55, 63, 66]
[38, 59]

No
No
Yes
No
No
Yes
No

[55, 63]
[24, 39, 45, 48-50, 52, 53, 63, 66]
[38, 56, 57, 60, 69]
[55, 63]
[24, 39, 45, 48-50, 53, 55, 66]
[56]
[55, 63]

Tumor morphology
Polypoid vs ulceration
Tumor differentiation
Tumor size
Tumor stage
Lymphatic and venous
invasion
Perineural invasion
Lymph node metastases
Distant metastases
Clinical stage
Therapy response
Prognosis

No
[63]
No
[55]
Yes
[57, 58]
Yes
[47, 51]
No
[53, 55]
Yes
[36]
Associated with better response to radiochemotherapy
[25]
No
[38, 44, 50, 53, 55, 62, 63]
Better prognosis
[60]
Shorter survival from time of metastasis
[24]
More aggressive behavior
[48]
Poor prognosis
[36, 39, 45, 46, 54, 56, 57, 59, 61 (stage Ⅱ), 66 (stage Ⅲ and Ⅳ), 70, 71]

Phase Ⅰ trials including CRC patients demonstrated a
positive effect on stable disease for one of these drugs,
[79]
everolimus, when it was combined with cetuximab
or with 5-fluorouracil/leucovorin (5-FU/LV) or with
[80]
mFOLFOX6 (5-FU/LV + oxaliplatin) . Everolimus
inhibits the PI3K/PTEN/Akt pathway by connecting to the
FK-506 binding protein 12 to block mTOR (mammalian
[79]
target of rapamycin) activation . Considering a
possible importance of the PI3K-Akt-mTOR pathway
[28]
for neuroendocrine differentiation , neuroendocrine
cells within sporadic CRC could be the putative target
for mTOR-inhibitor therapy (for example everolimus).
[79,80]
The published pharmacodynamics trials
did not
consider special CRC phenotypes. However, according
to new insights into genotype-phenotype correlations,
pretreatment histomorphological characterization of
CRC could possibly help to increase efficacy of mTORinhibitor therapy.
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homeostatic responses in the cardiovascular system,
induction and resolution of inflammation, and mo
dulation of immune responses against diseases
associated with chronic inflammation, such as cancer.
Because chronic inflammation is essential for the
development of colorectal cancer (CRC), it is not sur
prising that many eicosanoids are implicated in CRC.
Oftentimes, these autacoids work in an antagonistic
and highly temporal manner in inflammation; therefore,
inhibition of the pro-inflammatory COX-2 or 5-LOX
enzymes may subsequently inhibit the formation of
their essential products, or shunt substrates from one
pathway to another, leading to undesirable side-effects.
A better understanding of these different enzymes and
their products is essential not only for understanding
the importance of eicosanoids, but also for designing
more effective drugs that solely target the inflammatory
molecules found in both chronic inflammation and
cancer. In this review, we have evaluated the cancer
promoting and anti-cancer roles of different eicosanoids
in CRC, and highlighted the most recent literature
which describes how those molecules affect not only
tumor tissue, but also the tumor microenvironment.
Additionally, we have attempted to delineate the
roles that eicosanoids with opposing functions play in
neoplastic transformation in CRC through their effects
on proliferation, apoptosis, motility, metastasis, and
angiogenesis.
Key words: Eicosanoids; Cyclooxygenase; Lipoxygenase;
Inflammation; Colorectal cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
Enzymatic metabolism of the 20C polyunsaturated
fatty acid (PUFA) arachidonic acid (AA) occurs via
the cyclooxygenase (COX) and lipoxygenase (LOX)
pathways, and leads to the production of various
bioactive lipids termed eicosanoids. These eicosanoids
have a variety of functions, including stimulation of
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Core tip: Eicosanoids are bioactive lipids generated
from polyunsaturated fatty acids (usually arachidonic
acid) through highly regulated enzymatic pathways
in many different cell types. These molecules are
effective in small amounts, and may act in an
autocrine or paracrine manner to regulate some of
the most important steps in the development of acute
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inflammation and its resolution. Aberrant expression of
the enzymes that help synthesize these bioactive lipids
is frequently seen in diseases associated with chronic
inflammation, including cancer.
Tuncer S, Banerjee S. Eicosanoid pathway in colorectal
cancer: Recent updates. World J Gastroenterol 2015; 21(41):
11748-11766 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i41/11748.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i41.11748

INFLAMMATION AND COLORECTAL
CANCER
Tumors show characteristics of inflamed tissue,
including the presence of immune cells within the
[1]
tumor tissue . Although the presence of leukocytes
within tumors was initially thought to result from antitumor immune responses, a role for inflammation
in tumorigenesis is now generally accepted. Epide
miologic and clinical studies indicate that in response
to chronic inflammatory conditions, epithelial cells
(transformed and/or normal) and tissue-resident
immune cells locally secrete cytokines, chemokines,
growth factors, and pro-inflammatory mediators that
recruit inflammatory cells from the circulation into the
[2]
tumor site . Furthermore, immune cells that invade
the local tumor microenvironment are phenotypically
different from normal immune cells, and can maintain
the inflammatory milieu and promote invasion and
[3]
migration of the transformed epithelial cells .
Colorectal carcinoma (CRC) is one of the best
[4]
examples of an inflammation-associated cancer .
During colorectal carcinogenesis, epithelial cells in
the colon accumulate mutations, which lead to either
inactivation or activation of certain target genes that
provide a selective growth advantage. In turn, this
results in the transformation of normal epithelium to
an adenomatous polyp, and finally to invasive CRC.
The transformed epithelial cells then acquire the
ability to secrete inflammatory mediators that act on
pro-inflammatory leukocytes, endothelial cells, and
fibroblasts to establish a tumor-promoting reactive
microenvironment. For example, when compared
with the general population, epidemiological studies
have shown a higher incidence of CRC in patients
with a previous history of inflammatory bowel disease
[5]
(IBD) . It has also become evident that inflammation
is a significant factor in the progression of tumors. The
regular use of non-steroidal anti-inflammatory drugs
(NSAIDs) lowers mortality from sporadic CRC and
suppresses adenoma growth in patients with familial
adenomatous polyposis (FAP) and who inherit a
[6]
mutation in the tumor suppressor APC gene . Similar
to other solid malignancies, pathological examinations
of CRC tissue reveal the presence of innate immune
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cells, including neutrophils, mast cells, natural killer
cells, and dendritic cells that are recruited to the tumor
[7]
and suppress tumor growth and angiogenesis . This
phenomenon is called immune-surveillance, and assists
in the early detection and elimination of transformed
cells and preneoplastic aberrant crypt foci (ACF), which
may progress to adenomas and adenocarcinomas in
CRC. On the contrary, colorectal and colitis-associated
tumorigenesis are associated with the presence of
an inflammatory microenvironment that favors the
inhibition of immune-surveillance and promotes a
tolerogenic environment with the release of growth
[8,9]
factors, thereby supporting further tumor growth .
In addition to paracrine signaling by growth factors,
[10]
cytokines, chemokines, and oxygen radicals , bioactive
lipids derived from polyunsaturated fatty acids (PUFAs)
are among the earliest signaling molecules released in
response to an injury or inflammatory stimulus. The
role played by these small mediators in inflammation
and its resolution has garnered a great amount of
[11,12]
recent interest
.

POLYUNSATURATED FATTY ACIDS
Polyunsaturated fatty acids (PUFAs) that can be
metabolized to bioactive lipids include arachidonic
acid (AA), linoleic acid (LA), linolenic acid (LNA),
eicosapentaenoic acid (EPA), and docosahexaenoic
acid (DHA). AA is a 20C polyunsaturated fatty acid
(20:4n-6) that is usually esterified to the second
carbon in membrane phospholipids, and gives rise to
a wide variety of lipid products termed eicosanoids.
AA is also known as an n-6 fatty acid, signifying the
position of the carbon with the first double bond when
considering the terminal methylene carbon group as
the first carbon. AA is derived from linoleic acid (LA,
18:2n-6), an 18C essential fatty acid, through the
subsequent actions of desaturases and elongases
located primarily in the liver. The release of AA from
phospholipids in the outer nuclear membrane is
achieved through the activity of phospholipases such
as the calcium-dependent cytosolic phospholipase A2
(cPLA2). After being released, the free fatty acid can
be metabolized via enzymatic pathways including
the cyclooxygenase (COX) and lipoxygenase (LOX)
pathways to generate 2-series prostaglandins (PGs)
and thromboxanes (Txs) (COX pathway) or 4-series
leukotrienes (LTs) and hydroxyeicosatetraenoic
[11,13]
acids (HETEs) (LOX pathway)
(Figure 1). The
eicosanoids are highly potent, short-lived molecules
that act locally, and have been strongly implicated in a
variety of cancers, including CRC.
Long-chain PUFAs such as EPA and DHA, commonly
known as n-3 fatty acids, are extensively found in fatty
[14]
fish, but are not efficiently synthesized in humans .
As these fatty acids are primarily obtained through the
diet, increased consumption of fish oil can alter the
fatty acid profiles of the plasma and cell membranes in
[15]
a time and dose-dependent manner , primarily at the
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Figure 1 Enzymatic metabolism of polyunsaturated fatty acid can generate bioactive lipids that induce inflammation, tumorigenesis, and thrombosis,
while also generating mediators with anti-tumorigenic, pro-resolution properties. In the pro-tumorigenic arm, arachidonic acid (AA) is metabolized
via the cyclooxygenase (COX) pathway to generate prostaglandins (PGE 2, PGI2) and thromboxanes (TxA2). Lipoxygenase (LOX) enzymes convert AA to
hydroxyeicosatetraenoic acids (HETEs), which are active on their own, or can be further converted to leukotrienes (LTs). In the anti-tumorigenic, pro-resolution arm,
metabolism of AA through 15-LOX1/2 or acetyl salicylic acid (ASA) acetylated COX-2 generates intermediates that can be converted to lipoxins (Lxs) through the
transcellular activity of other LOXs (5- or 12-LOX). Conversion of linoleic acid (LA) to 13(S)-HODE may produce anti-inflammatory effects mediated through activation
of PPARγ. The fish oils eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) may be converted by acetylated COX-2 to pro-resolution mediators E- and Dseries resolvins (Rvs), respectively. PUFA: Polyunsaturated fatty acid.

expense of AA. This implies a decreased production of
inflammatory AA-derived eicosanoids, which has been
verified in healthy human volunteers who showed
decreased levels of PGs and LTs after consuming
EPA and DHA supplements for varying lengths of
[16]
time . EPA, being a 20C highly unsaturated fatty
acid and therefore classified as an eicosanoid, can
also be metabolized by the COX and LOX pathways
into 3-series PGs and 5-series LTs. However, these
lipids are readily recognized by PG and LT receptors,
and are therefore considerably less potent in inducing
[17]
inflammation . Both EPA and DHA are substrates for
the production of newly identified autacoids that are
[18]
essential for the resolution of inflammation .

EICOSANOID PATHWAYS AND
COLORECTAL CANCER
Bioactive lipids may modulate the incidence of cancer
via several different mechanisms that include, but are
not limited to, induction of inflammation, regulation
of cellular oxidative stress, activation of receptors
involved in cellular signaling pathways, and the alte
[19]
ration of membrane dynamics .

COX-2-derived lipid mediators

AA is metabolized to prostaglandins either by con
stitutively expressed COX-1 or by COX-2, which is
[20]
expressed when induced by inflammatory stimuli .
COX-2 is an immediate-early response gene that is not
expressed in most cells, but is highly induced at sites of
[21]
inflammation and in the tumor microenvironment .
The primary prostaglandin produced from AA (PGH2) can
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be further metabolized to a several other prostaglandins;
among which, PGE2 has been strongly implicated in
[22]
the development of gastrointestinal tumors . This
prostanoid acts via four G-protein coupled receptors
(EP 1-4) and can enhance tumorigenesis through
a variety of mechanisms, including enhanced cell
proliferation, suppression of apoptosis, and induction of
[23]
angiogenesis .
Elevated levels of COX-2 and an accompanying
elevation of PGE2 are often seen in CRC, and COX-2
expression is correlated with a lower survival rate
[24]
among CRC patients . It is well accepted that there
are concerted interactions between carcinoma cells and
other cells in the tumor microenvironment, and that
these interactions contribute to cancer progression.
PGE2 modulates cancer-associated immune suppre
+
ssion by recruiting T cells, CD8 cytotoxic T cells,
regulatory T cells, dendritic cells, and myeloid-derived
[20]
suppressor cells (MDSCs) . Additionally, secretion of
PGE2 may enhance oxidative stress, leading to a state
of low grade continuous inflammation characterized
by the infiltration of neutrophils and macrophages,
[18]
and eventually leading to mitogenic signaling . PGE2
has been shown to stimulate macrophages to produce
pro-inflammatory chemokines and cytokines, such as
macrophage chemoattractant protein-1 (MCP-1), which
recruits leukocytes from the circulation to local sites
[25]
[26]
of inflammation . A previous study
showed that
MCP-1 levels were higher in intestinal epithelial cells,
and that MCP-1 could stimulate COX-2 expression as
well as the release of PGE2 and vascular endothelial
growth factor (VEGF) in human macrophages.
In the adaptive response, PGE2 mediated signaling
may affect cytokine production in antigen-presenting
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cells by influencing the functional phenotype of T cells
[i.e., by switching the anti-tumor T helper 1 (Th1)
responses to immunosuppressive Th2 responses)]
[27,28]
during priming
. In trinitrobenzene sulfonic acid
(TNBS)-induced colitis, a model of IBD, PGE2 was
shown to worsen inflammation and disease severity
by increasing neutrophil and Th17 cell infiltration into
[29]
colonic tissue . Furthermore, PGE2 was shown to
amplify IL-23-mediated Th17 cell expansion by acting
on its receptor (EP4) located on T cells and dendritic
[30]
cells .
The pro-tumorigenic effects of PGE2 may also be
mediated by Treg cells, which contribute to immune
evasion by tumor cells in a variety of cancers. Increased
COX-2 expression and elevated PGE2 production in
adaptive FoxP3-positive Treg cells found within tumors
and mesenteric lymph nodes have been shown to
contribute to an immunosuppressive microenvironment
in CRC. This type of microenvironment facilitates
tumor growth by suppressing effector T cells and
inducing resistance to antigen-specific cancer
[31,32]
immunotherapy
. A role for COX-2 in tumor im
munity was also exhibited in COX-2 expressing colon
cancer cell lines, where expression of FasL and TRAIL
was shown to cause a counter-attack against cytotoxic
[33]
T cells .
COX-2 overexpression is frequently associated
with the concomitant expression of microsomal PGE
synthase-1 (mPGES-1), the terminal synthase that
[20,34]
leads to the preferential production of PGE2
.
Accordingly, in Apc-mutant mice, genetic deletion
of mPGES-1 was reported to suppress intestinal
cancer growth by reducing the size and number of
aberrant crypt foci (ACF) in a carcinogen-induced
[35]
colon cancer model . Together, these findings
suggest that mPGES-1 plays crucial roles during
colon cancer progression, and that these roles are
relevant to the promotion of inflammation. Thus
targeting mPGES-1 may be a feasible option for cancer
[36]
chemoprevention .
Interestingly, prostaglandins are also essential for
the health of gastrointestinal mucosa by maintaining
mucosal integrity, promoting wound healing, and
[36]
limiting inflammation . The absence of cPLA2 in mice
was recently shown to globally reduce the formation of
AA-derived bioactive lipids, increase mucosal ulceration,
and increase the expression of pro-inflammatory
[34]
cytokines . Mice with a targeted deletion of COX-2
in their endothelial cells and myeloid cells and treated
with dextran sulfate sodium (DSS) displayed greater
weight loss and had worse clinical scores compared to
their WT littermates. However, mice with a targeted
deletion of COX-2 in their colonic epithelial cells were
[37]
-/not susceptible to DSS . Additionally, mPGES-1
mice were recently reported to show more extensive
inflammation in the GI tract when compared with WT
[34]
mice . This could have resulted from a shift in the
metabolism of prostaglandins; e.g., a loss of PGE2
was associated with a gain in PGD2, which has tumor
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[34,38]

suppressive functions
.
Influx and efflux carriers such as the prosta
glandin transporter (PGT) and multidrug resistanceassociated protein 4 (MRP4), as well as the inac
tivation of prostaglandins (specifically PGE2) by
hydroxyprostaglandin dehydrogenase 15-(NAD)
(15-PGDH) can regulate the availability and efficacy
[20]
of prostanoids . In fact, 15-PGDH is frequently
down-regulated in a variety of cancers, suggesting
[11]
its tumor-suppressive role . Overexpression of
15-PGDH in colon cancer cells was shown to strongly
inhibit tumor growth in immune-deficient mice. It was
also demonstrated that colonic 15-PGDH expression
was directly controlled and strongly induced by the
activation of TGF-β, which has tumor-suppressive
[39,40]
functions in colon cancer
. Therefore, the combined
induction of COX-2 and inactivation of 15-PGDH in
colon cancer can markedly increase PGE2 levels, which
may allow cancer cells to escape immune surveillance.
Randomized clinical trials and observational studies
have indicated that long-term use (≥ 5 years) of
®
acetyl salicylic acid (ASA, Aspirin ), which inhibits both
COX-1 and COX-2, leads to significant reductions in
the risks for developing colorectal, esophageal, gastric,
biliary, and breast cancer, as well as their distant
[41]
metastases . Furthermore, the daily use of ASA has
been reported to specifically prevent the development
of colorectal polyps and reduce the risk for developing
[42-44]
sporadic CRC or CRC from Lynch syndrome
.
Moreover, the use of ASA after a diagnosis of CRC can
also improve survival, and especially in patients with
[24]
COX-2-overexpressing tumors . A recent prospective,
observational study of ASA and COX-2 inhibitor use
either during or after chemotherapy as an adjuvant
in stage Ⅲ colon cancer patients reported reduced
[45]
cancer recurrence and mortality . Moreover, ASA use
was associated with a greater reduction in the risk for
developing colorectal tumors when the normal colonic
[45]
mucosa showed a higher expression of 15-PGDH .
Other prostaglandins produced in the eicosanoid
pathway, such as PGD2, have been shown to downregulate granulocyte infiltration into colonic mucosa at
[38,46]
the early stages of TNBS induced inflammation
.
More recently, it has been shown that mast cell-derived
PGD2 can function as an inhibitor of colitis and colitis[47]
associated cancer (CAC) in mouse models . Taken
together, the findings suggest that different COX-2derived prostaglandins can have opposing effects on
inflammation, and that selective modulation of these
mediators may prevent tumor growth in CRC.

LOX-derived lipid mediators

PUFAs are oxygenated via the enzymatic action of
LOXs to form LTs and hydroxyeicosatetraenoic acids
(HETEs), which both exert significant effects on the
[48]
development and progression of human cancers .
Several different isoforms of LOX exist, including
[13]
5-LOX, 15-LOX-1, 15-LOX-2, and 12-LOX , and are
named according to the position of the carbon atom in
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AA that these enzymes oxygenate. Except for ALOX5,
which is located on chromosome 10, most of the other
LOX genes are located within a few megabases of
[13]
each other on the short arm of chromosome 17 .
Although AA is the preferred substrate for oxygenation
for most LOXs, some LOX isoforms are capable of
oxygenating fatty acids esterified to phospholipids or
[49,50]
cholesterol
.
In humans, 5-LOX is highly expressed in cells
[51]
of myeloid origin, and especially in leukocytes .
This enzyme catalyzes the conversion of AA to
5S-hydroperoxyeicosatetraenoic acid (5-HpETE),
and its subsequent conversion to LTA4. LTA4 can be
converted to LTB4 and then to cysteinyl leukotrienes
by the actions of LTA4 hydrolase and LTC4, synthase,
[52]
respectively
(Figure 1). 5-LOX activity is exquisitely
sensitive to various stimuli, including the second
2+
2+
messenger Ca . Ca can bind to the N-terminus
of 5-LOX, which contains a hydrophobic domain
and facilitates the binding of 5-LOX to membrane
[53]
phospholipids . The 5-LOX enzyme is usually located
in the cytoplasm as a soluble protein; however, in the
2+
presence of Ca , it may become phosphorylated and
translocate to the nuclear or endoplasmic reticulum
(ER) membrane, where with the help of 5-LOX
activating protein (FLAP), it catalyzes the oxygenation
[53]
of AA . Therefore, many stimuli that increase the
levels of intracellular calcium ions (e.g., antigens,
microbes, cytokines, and toxins) can induce the
[53,54]
production of LTs
.
LTs are classified into two general categories: LTB4
[55]
and cysteinyl LTs (LTC4, LTD4, and LTE4) . LTs play key
roles in the pathogenesis of inflammatory disorders,
including IBD, and typically stimulate quick and shortlasting events (e.g., smooth muscle contraction,
phagocyte infiltration, increased vascular permeability),
which are important in the pro-inflammatory context.
These responses are mediated by G-protein coupled
receptors: BLT1/2 for LTB4, and CysLT1/2 and GPR17
[52,56]
for the Cys-LTs
.
5-LOX is overexpressed in tissues with chronic
inflammation and also in transformed cells. 5-LOX was
shown to be up-regulated in patients with polyps and
[57]
Δ468
colon cancer , whereas in the APC
mouse model
[58]
of polyposis, the loss of 5-LOX was protective . In
the same model, 5-LOX metabolic products produced
by hematopoietic cells were shown to promote
tumorigenesis by enhancing both the proliferation of
intestinal epithelial cells and recruitment of MDSCs
to the spleen, mesenteric lymph nodes, and primary
[59]
tumor . Dietary administration of a 5-LOX inhibitor
Δ468
(Zileuton) to APC
mice resulted in overall reductions
in systemic inflammation, polyp number, and inflam
[59]
matory infiltration into lesions .
Overproduction of LTB4 in human colon cancer
tissue is implicated in the pathogenesis of IBD.
Additionally, high expression of the LTB4 receptor BLT1
[60]
has been detected in human colon tissues . These
findings indicate the importance of an inflammatory

WJG|www.wjgnet.com

autocrine loop during the promotion and progression
phases of colon tumors. The inflammatory mediators
can cause intestinal epithelial cells to up-regulate their
expression of enzymes needed for the biosynthesis
of eicosanoids, including the CysLTs, and signal
transducing CysLT receptors, to provide a self-sufficient
signaling mechanism needed to maintain both
[58]
inflammation and tumor progression . Taken together,
these studies show that pro-inflammatory LTs might
facilitate tumor growth by establishing an inflammatory
microenvironment.
Metabolism of AA by 12-lipoxygenase (12-LOX)
leads to the production of 12-HETE, which has been
[61]
shown to stimulate the growth of various cancers .
261
Additionally, a Gln Arg polymorphism in the ALOX12
gene was shown to be associated with an enhanced
susceptibility to several malignancies, which also
[62,63]
indicates a potential oncogenic role for 12-LOX
.
Although a recent meta-analysis of studies with 8379
subjects revealed that this specific polymorphism
was not associated with an increased risk of colon
[64]
cancer , other studies have reported that 12-LOX
expression was associated with an oncogenic
[62]
phenotype in CRC . 12-LOX was also shown to be
up-regulated in colon cancer specimens associated
[61]
with inflammation . Moreover, 12-LOX expressing
colon cancer cell lines have demonstrated increased
migration as a result of decreased E-cadherin and
[61]
integrin-β1 expression , or enhanced production
of reactive oxygen species (ROS) and activation of
the catalytic subunit of the NADPH oxidase complex,
[65]
Nox1 .
Unlike 5-LOX and 12-LOX, 15-lipoxygenase-1
(15-LOX-1), which can oxygenate AA and LA as well
[66]
as complex substrates such as biomembranes , may
have an anti-inflammatory, tumor suppressive role
in CRC. This enzyme can oxygenate AA to 15-HETE,
or LA to 13(S)-hydroxyoctadecadienoic acid [13(S)HODE]. Profiling of LOX metabolic products in CRC
has shown that 13(S)-HODE was the only metabolite
that significantly increased in the Caco-2 model of
[67,68]
cellular differentiation
. Additionally, an assay
of > 120 cancer cell lines from 20 different cancer
types indicated an almost universal loss of 15-LOX-1
expression in de-differentiated cell lines when
compared with well-differentiated cancer cells or non[68]
transformed cells . Moreover, levels of 13(S)-HODE
were shown to be reduced in colorectal polyp samples
obtained from patients suffering from FAP when
[67]
compared to their levels in paired normal tissues .
A loss of 15-LOX-1 expression is primarily due to
epigenetic factors, such as nucleosomal remodeling
[69]
and the histone deacetylase (NuRD) complex .
Re-expression of 15-LOX-1 has been achieved via
routes including histone methylation/demethylation,
[70,71]
acetylation
or the activation of transcription
[72]
factors such as STAT-6 . In a mouse model with gut
targeted expression of human 15-LOX-1 exposed to
azoxymethane, the number of tumors was lower in
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the animals with transgene expression, and 15-LOX-1
expression was lower in samples of tumor tissue
[73]
compared to normal tissue .
An inverse link between 15-LOX-1 expression and
secretion of pro-inflammatory cytokines has been
indicated in recent years. Gut-targeted expression
of 15-LOX-1 has resulted in lower levels of TNFα and
inducible nitric oxide synthase (iNOS) in epithelial
[73]
cells . In human CRC, down-regulation of 15-LOX-1
[74]
was associated with increased IL-1β expression .
This was further substantiated by a loss of NF-κB
(a key inflammatory transcription factor) signaling
both in colon cancer cell lines and mouse models
[73,75,76]
when 15-LOX-1 was re-expressed in the gut
.
Additionally, there is evidence indicating that 15-LOX-1
expression can inhibit CAC. Chemical inhibition of
15-LOX-1 by PD146176 was shown to cause sig
nificant deterioration of intestinal functions in a murine
[77]
model of experimental colitis . While LA is efficiently
oxygenated by 15-LOX-1 to produce 13(S)-HODE,
AA can also be metabolized by both 15-LOX-1 and
[78]
15-LOX-2 to produce 15(S)-HETE . 15(S)-HETE
levels were reported to be significantly lower in the
serum of colorectal cancer patients when compared to
[78]
their levels in control subjects .
Thus, activation of acute inflammatory responses,
anti-inflammatory and anti-tumorigenic pathways or
a neoplastic transformation may occur as a result of
the opposing effects of various metabolites formed
downstream of the enzymatic action of different LOXs
De-regulation of any of these pathways may lead to a
loss of homeostasis.

EICOSANOIDS AND THE HALLMARKS
OF CANCER
Various types of cancer cells and surrounding stromal
cells produce high amounts of pro-inflammatory
eicosanoids. These bioactive lipid metabolites can
modulate tumor progression through several mecha
nisms, including directly activating receptors on tumor
epithelial cells that help regulate cell proliferation,
apoptosis, migration, and invasion, and inducing epi
thelial cells to secrete growth factors, pro-inflammatory
mediators, and angiogenic factors. All of these
molecules can facilitate tumor growth, and also support
tumor-associated angiogenesis and evasion of the
[20]
immune system .

Proliferation and apoptosis

It is already well documented that tumor growth relies
on a deregulated balance between cellular prolifera
tion and cell death. It is not surprising that various
eicosanoids that activate/inhibit important signaling
pathways in cells can also regulate cellular proliferation
and apoptosis in colon cancer cells.
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COX-2 pathway in cell proliferation and apoptosis

COX-2 is overexpressed in 50%-80% of all colorectal
[79]
cancers . At the cellular level, COX-2 overexpression
was shown to increase cell-to-matrix adhesion and
[80-82]
inhibit apoptosis in human CRC cells
. Furthermore,
Δ716
in the APC
mouse model, the number and size
of the polyps were shown to be reduced dramati
[83]
cally when the COX-2 gene was knocked out .
In accordance with this finding, ASA and sulindac
have been shown to reduce the number and size of
[84]
adenomatous colonic polyps in patients with FAP .
Additionally, conventional NSAIDs are known to inhibit
chemically-induced colon cancer in rodent models by
[85]
inhibiting COX-2 activity . In the human colon cancer
cell line HCT-116, COX-2 was induced through wildtype p53-mediated activation of the Ras/Raf/ERK
cascade, which subsequently blocked p53 or genotoxic
stress-mediated apoptosis. This anti-apoptotic effect
may represent a mechanism for diminishing cellular
[86]
stress associated with p53 induction . On the
other hand, NSAIDs inhibited expression of the antiapoptotic protein Bcl-XL, resulting in an altered BAX
[87]
to Bcl-XL ratio and enhanced apoptosis . Increased
expression of the anti-apoptotic protein Bcl-2 and
reduced expression of the pro-apoptotic protein Bim
caused by the COX-2-derived eicosanoid PGE2 have
[21,88]
also been reported
.
A considerable amount of crosstalk has been
reported between the COX-2 and EGFR pathways. For
instance, PGE2 treatment was shown to significantly
increase cellular proliferation and reduce apoptosis
[89]
in a rodent CAC model , and also induce COX-2
expression in intestinal adenomas by activating the
[90]
MAPK signaling pathway . PGE2 was shown to induce
ERK2 signaling in colon cancer cell lines by stimulating
[91]
the rapid phosphorylation of EGFR . Inhibition of
both EGFR and COX-2 achieved by using a targeted
liposome carrying the COX-2 inhibitor celecoxib and
a monoclonal antibody against EGFR (Cetuximab)
has been shown to additively inhibit the proliferation
of colon cancer cell lines expressing both EGFR and
[92]
COX-2 .
[93]
Roberts et al
reported that during glucose
deprivation, PGE2 can promote tumor cell survival
in the colon by activating the PI3K/AKT pathway,
which in turn may up-regulate COX-2 and downregulate 15-PGDH. Moreover, glucose deprivation was
also demonstrated to activate the unfolded protein
response (UPR), resulting in elevated expression of
the C/EBP-homologous protein (CHOP), which was
positively correlated with 15-PGDH expression. These
data suggest that stress conditions can regulate PGE2
as a common and crucial mediator of cell survival
during adaptation to the tumor microenvironment.
In the colorectal adenocarcinoma cell line DLD-1,
PGE2 was shown to bind to EP2, which stimulated
tumor growth by activating PI-3K/AKT signaling,
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followed by activation of the β-catenin signaling
[94]
pathway . PGE2 can also induce cell proliferation in
colorectal tumors through the EP4 receptor by inducing
[95]
[96]
phosphorylation of ERK . Additionally, Park et al
have proposed that COX-2 inhibition may produce
significant anti-tumorigenic effects by blocking stromaderived PGs. These authors used a co-culture model
to evaluate cancer cell-stromal cell relationships and
reported that use of an EP4 antagonist resulted in
decreased proliferation in the COX-2 non-expressing
LS174T colon adenocarcinoma cell line.
In contrast to PGE2, 15d-PGJ2 was shown to induce
[97]
[98]
apoptosis
and cell cycle arrest in CRC cells
by
inhibiting activity of the inflammatory transcription
factor NF-κB, reducing the levels of anti-apoptotic
[97]
genes , down-regulating c-Myc expression, and
[99]
upregulating c-Jun and GADD153 . When 15d-PGJ2
and histone deacetylase (HDAC) inhibitors were added
in combination to colon cancer cell lines, they exerted
a synergistic effect on caspase-dependent apoptosis,
leading to ROS generation, ER stress, decreased
expression of anti-apoptotic proteins Bcl-XL and XIAP,
and increased expression of CHOP and DR5 (Death
receptor 5, TRAIL-R2). Furthermore, the same effects
of this co-treatment were also seen in vivo, with an
inhibition in tumor growth in a nude mouse xenograft
[100]
[101]
model inoculated with DLD-1 cells
. Shin et al
suggested that the growth inhibition and 15d-PGJ2induced apoptosis seen in human and murine CRC cell
lines were caused by ROS dependent down-regulation
of AKT and p-AKT.

LOX pathways in proliferation and apoptosis

The 5-LOX protein is overexpressed in the early stages
of colon cancer, where its expression is significantly
correlated with patient age, polyp size, and the
presence of intraepithelial neoplasia and villous and
tubulovillous adenoma, all of which are considered
to be typical markers of transformed adenomatous
[102]
polyps . Inhibition of 5-LOX with Zileuton was shown
to significantly decrease proliferation in a colon cancer
[57]
cell line and reduce the size of xenografted tumors .
LTB4 demonstrated pro-carcinogenic effects in CRC
[103]
by activating the ERK pathway
. Induction and/or
accumulation of COX-2, β-catenin, and Bcl-2, as well
as PGE2 production in non-transformed epithelial
linings in the colon have also been reported in the
[104]
presence of LTB4
. Furthermore, LTD4, a cysteinyl
leukotriene, was reported to inhibit caspase 3, and
thereby increase resistance to NSAID-induced cell
[105]
death .
In several different cancer types, COX-2 and 5-LOX
[106]
signaling can converge to enhance cell proliferation .
For example, knock-out of 5-LOX or FLAP was shown
to increase the amount of COX-2 metabolites produced
by inflammatory cells, indicating that inhibition of
one pathway could shunt metabolism of AA towards
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[107-109]

the other pathway
. Dual inhibition of 5-LOX
and COX-2 may produce additive or synergistic
effects on reducing cellular proliferation in colon
cancer, as shown by the combination of AA861
[110]
(5-LOX inhibitor) and celecoxib
, the dual COX/5[111]
LOX inhibitor licofelone
, and the combination of
[112]
celecoxib and MK886 (5-LOX inhibitor)
. Gaining
a better understanding of these pathways will have
important implications for cancer chemoprevention
[18]
and treatment .
The role of 15-LOX-1 in proliferation and apopto
sis of colon cancer was initially considered to be
controversial, although well-controlled in vitro and in
vivo studies conducted in the past several years have
revealed an unequivocal tumor suppressive role for
[113]
15-LOX-1 in CRC . While initial studies indicated an
anti-apoptotic role for the enzyme, those investigations
were primarily conducted using inhibitors such as
NDGA (nordihydroguaiaretic acid), which may have
[114]
[115]
pleiotropic effects in cells
. Yoshinaga et al
reported that 15-LOX-1 over-expression in colon cancer
cell lines increased cell proliferation via activation of
(Cip/WAF1)
ERK, followed by a decrease in p21
expression.
However, numerous subsequent studies have shown
that the main product of 15-LOX-1, 13(S)-HODE,
can inhibit cell proliferation and induce apoptosis in
[116,117]
CRC
. Moreover, both 15-LOX-1 expression and
levels of 13(S)-HODE were reduced in the polyps
when compared to paired normal tissues obtained
[67]
from patients with FAP . Mice express 12/15-LOX,
an enzyme that can simultaneously metabolize AA to
12-HETE and LA to 13(S)-HODE, which have opposing
effects on tumorigenesis. Therefore a transgenic
mouse model was established that can express human
[74]
15-LOX-1 specifically in gut epithelial cells . These
[73]
mice showed a decreased incidence of tumors .
Interestingly, an inverse correlation between 15-LOX-1
and COX-2 expression has been proposed to occur
[118]
during the adenoma to carcinoma sequelae , leading
to the accumulation of pro-tumorigenic PGs and the
loss of apoptotic 13(S)-HODE. It has been suggested
that 15-LOX-1-mediated inhibition of NF-κB, which
can transcriptionally up-regulate COX-2, leads to a
loss of expression of the latter. Epigenetic silencing of
15-LOX-1 in the later stages of progressive CRC may
lead to an increase in COX-2 expression, and thus
[119]
exacerbate the inflammatory milieu .
However, focusing on the effects of 15-LOX-1
expression only in epithelial intestinal cells may not
provide sufficient information about how its expression
contributes to CRC development. Additional knowledge
concerning the effects of 15-LOX-1 and its metabolites
on tumor-associated stromal cells and endothelial
cells is also required to understand the underlying
mechanisms of CRC development that lie beyond
15-LOX-1 signaling.
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Figure 2 Activation of PPARγ by bioactive lipids can modulate signaling in progressive colorectal cancer. 15-deoxy-delta(12,14)-prostaglandin J2 (15-PGJ2),
generated from arachidonic acid (AA) by the enzymatic action of COX-2, acts as a ligand for PPARγ. Co-activators such as RXR activation of tumor suppressive
signaling through Kruppel-like factor 4 (KLF4) in colorectal cancer (CRC) have also been reported. Binding to co-repressors may lead to repression of various
transcription factors such as nuclear factor kappa B (NF-κB), AP1 (Activator Protein-1, c-Jun and c-Fos), c-Myc or STAT. 13(S)-hydroxyoctadecadienoic acid [13(S)HODE], generated by oxygenation of linoleic acid (LA) by 15-LOX-1, can act as a ligand for PPARγ and lead to inhibition of NF-κB activity. 13(S)-HODE may also
inhibit the transcriptional activities of PPARβ/δ and STAT3, and thereby reduce inflammation and angiogenesis in CRC.

NF-κ B and PPAR signaling pathways driven by
eicosanoids in CRC

[121]

In colon cancer, the activity of NF-κB in intestinal epithelial
cells and myeloid cells in the tumor environment plays
[76]
an essential role in tumor formation . Therefore, one
may suggest that specific inactivation of the NF-κB
pathway in cancer cells and surrounding myeloid cells
may attenuate formation of inflammation-associated
[120]
tumors .
Peroxisome proliferator-activated receptors (PPARs)
are ligand-activated transcription factors of a nuclear
hormone receptor superfamily that includes PPARα,
PPARγ, and PPARβ/δ. Each of these receptors can
mediate the physiological actions of numerous fatty
acids and fatty acid-derived molecules that serve
as ligands for these transcription factors (Figure 2).
Activated PPARs can also function as transcriptional
[121]
repressors of NF-κB, STAT-1, and AP-1 signaling
.
PPARγ is known to be expressed in normal colon tissue,
[122]
and show reduced expression in colon tumors
;
[123]
however, mutations of PPARγ in CRC are rare
.
Agonists of PPARα and PPARγ were shown to inhibit
[124]
DSS-induced colitis and formation of ACF in rats
.
On the other hand, PPARβ/δ is associated with pro-
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inflammatory pathways and progression of CRC .
15d-PGJ2, a natural agonist of PPARγ, was shown to
inhibit the proliferation of HT-29 human colon cancer
cells by up-regulating tumor suppressive transcription
[125]
factor, Kruppel-like factor 4 (Klf-4)
. 15d-PGJ2
and rosiglitazone, a synthetic ligand of PPARγ, were
found to suppress proliferation of Caco-2 CRC cells by
repressing telomerase activity and telomerase reverse
transcriptase (hTERT) expression by down-regulating
[126]
c-Myc and up-regulating Mad1 .
13(S)-HODE produced in the 15-LOX-1 pathway
[127]
can act as a ligand for PPARγ
. Re-expression of
15-LOX-1 in colon cancer cells was shown to downregulate PPARδ, and thereby promote induction of
endogenous PPARγ target genes related to induction
[128]
of apoptosis
. In support of this finding, overexpression of 15-LOX-1 was associated with decreased
proliferation and increased apoptosis, as well as
reduced cellular motility, anchorage-independent
growth, migration, and cell invasion in colon cancer
[118]
cells
. Moreover, increased 13(S)-HODE-mediated
PPARγ activation has been suggested to inhibit
activation of NF-κB, which is associated with decreased
[75]
[124]
cell viability . In colitis and CAC
, 15-LOX-1
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[128,129]

activity was also shown to activate PPAR-γ
, which
suppressed the expression of key inflammatory genes;
[130,131]
most likely by inhibiting NF-κB
.
13-(S)HODE has been shown to suppress PPAR-δ;
a receptor that can transcriptionally upregulate
IL-6 expression, and thereby promote colitis and
[128,132,133]
CAC
. Very recently, 15-LOX-1-induced inhibition
of PPARδ during promotion of CAC was shown to be
mediated by suppression of IL-6 expression, STAT3
[134]
phosphorylation, and Notch3 expression . Moreover,
elevated expression of PPARδ has been implicated in the
[135,136]
pathogenesis of CRC
, and a positive correlation
between PPARδ expression and the late stages of CRC
[137]
has also been observed . PGI2 was shown to activate
PPARδ, which may lead to a loss of apoptosis through
sequestering of the pro-apoptotic protein BAD by
[138]
14-3-3 epsilon and reduced mitochondrial damage .
Similarly, stromal PGI2 generation was claimed to
promote cell survival in colonocytes by activating
[139]
PPARδ
. More recently, PPARδ activation was also
associated with an increased expression of VEGF and
IL-18 in colon cancer cells, through p300 and the
PI3K/AKT pathway. Furthermore, hypoxia stimulated
PPARδ activation enhanced angiogenesis, macrophage
recruitment, and macrophage proliferation in the tumor
[140]
microenvironment .

Metastasis

Although surgery is the most curative approach for CRC,
approximately 40% of treated patients eventually show
[141,142]
either local recurrence or distant metastases
,
[143]
primarily to the liver and lungs . Both experimental
and clinical studies have shown that daily use of ASA
[144]
was associated with a reduced risk of metastasis
,
and inhibited the spread of primary tumor cells to other
[145]
organs post-diagnosis . These findings suggest a role
for eicosanoids and eicosanoid-mediated signaling in
CRC metastasis.

COX pathway and metastasis

Metastasis is a well-regulated cascade of events that
requires the coordinated activation of several factors
expressed/released not only by tumor cells, but also
by stromal cells. PGE2 is claimed to promote a more
[146]
metastatic CRC phenotype . An analysis of sporadic
colorectal adenocarcinoma tissue samples revealed
a significant relationship between COX-2-derived
PGE2 levels and tumor stage: higher PGE2 levels
were reported in metastatic tumor specimens when
compared to tumor specimens without metastases.
Thus, it can be concluded that PGE2 levels may be
correlated with tumor aggressiveness, its ability to
[147]
metastasize, and patient prognosis .
Epidemiological, clinical, and animal studies have
demonstrated that COX-2 and epidermal growth
factor (EGF) signaling pathways coordinate their
activities to play key roles in promoting CRC growth
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[148]

and metastasis
. For example, EGFR expression
was directly correlated with the potential of human
[149]
CRC cells to metastasize to the liver
. Moreover,
[150]
Buchanan et al
suggested that in early stage CRC,
the initial effects of PGE2 were mediated by EGFR
transactivation and subsequent phosphorylation,
which was also responsible for down-stream effects,
including cell migration and invasion. In their following
reports, the same group showed that PGE2 activated
an EP4/β-arrestin1/c-Src signaling complex, resulting
in EGFR transactivation and downstream Akt signaling,
which subsequently stimulated migration of CRC
cells in vitro as well as their metastatic spread to
[151]
the liver in vivo
. Additionally, in the presence of
functional EGFR, PGE2 was shown to transactivate
hepatocyte growth factor receptor (c-Met-R), and
thereby increase phosphorylation and accumulation
of the oncogene β-catenin. This sequence of events
induced expression of urokinase-type plasminogen
activator receptor (uPAR), resulting in increased CRC
[152]
cell invasiveness
. A significant decrease in liver
metastasis with the use of selective EP4 receptor
[153]
antagonists has also been reported
. In another
report, PGE2 treatment was shown to activate JNK1/2
kinase. This activation was followed by an increase in
the levels of migration-related factors uPA and MMP-9,
which further promoted cellular motility in the human
colon cancer cell line LoVo. However, pretreatment
with 17β-estradiol down-regulated uPA and MMP-9
expression via deactivation of JNK1/2, and inhibited
PGE2-induced LoVo cell motility. Based on these
findings, the authors suggested that the incidence
and mortality rates of CRC in women were lower than
those in men because estrogen helps protect against
development of fatal colon cancer, and thus reduces
[154]
mortality from this disease .
In contrast to PGE2, PGI2 is known for its antimetastatic effects in CRC. PGI2 analogues have been
suggested to protect against metastasis by inhibiting
CAM (Cell Adhesion Molecule) -mediated adherence
of colon carcinoma to endothelial cells in metastatic
[155]
target organs .

LOX pathway and metastasis

Data concerning the roles of LOX enzymes in colon
cancer migration and invasion have recently been
[156]
reported
. In one study, decreased levels of the
selective LOX inhibitor, NDGA, were found in mobile
human colon cancer cells; this was partly explained
[157]
by inhibition of MMP-2 and MMP-9
. Loss of
15-LOX-1 expression was found in the lymph node
[158]
and liver metastases of pancreatic cancer
, and
15-LOX-1 re-expression in CRC cell lines inhibited their
[117]
invasiveness, motility and migration . More recently,
[159]
Wu et al
showed that 15-LOX-1 re-expression in
HCT116, HT29, and LoVo colon cancer cells inhibited
cell survival, as well as angiogenesis, cancer cell
migration, and invasion.
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Angiogenesis

For tumors to grow and metastasize, they must
generate their own blood supply; a process defined
as neo-angiogenesis. Many cells in the tumor
microenvironment, including tumor epithelial cells,
stromal cells, and immune cells, secrete various proangiogenic factors needed for proliferation, migration,
capillary tube formation, and recruitment of endothelial
[160]
cells
. Numerous in vitro and in vivo studies have
shown that eicosanoids can modulate angiogenesis at
[20]
different levels .
VEGF is a major regulator of angiogenesis, and
its expression is up-regulated in response to multiple
micro-environmental “stress” factors such as hypoxia,
acidosis, and starvation; which are all related to
poor blood supply. In tumors, hypoxia can lead to
stabilization of transcription factor HIF-1α, which
activates genes which have the hypoxia-responsive
element (HRE) in their promoter region, such as VEGF.
VEGF exerts its effects on target cells through tyrosine
kinase receptors, including VEGF receptors 1 (VEGFR1,
[161]
Flt1) and 2 (VEGFR-2, Flk-1/KDR)
. Ligand binding
induces receptor dimerization and activation of
downstream signaling pathways including the MAPK
[161]
family, PI3K/AKT and protein kinase C (PKC)
.
Besides hypoxia, other factors that have been shown
[162]
to stimulate VEGF expression include ROS , growth
[163]
[164]
factors
, cytokines
, and various lipid mediators
[165-168]
such as PGE2
.

COX pathway in angiogenesis

PGE2 stimulation has been shown to induce HIF[163]
[169]
1α stabilization
and VEGF expression in vitro
.
Additionally, VEGF and COX-2 expression and tumor
angiogenesis were shown to be highly correlated in
[147,170]
samples of colon cancer tissue
. Through its
receptor EP2, PGE2 was shown to stimulate the nuclear
[94]
translocation of β-catenin , whereby it activated T
cell factor 4 (TCF-4) and HIF-1α to trigger cell survival,
[171,172]
proliferation, and angiogenesis in colon cancer
.
Homozygous knock-out of EP2 completely abrogated
induction of VEGF in the intestinal polyp stroma of
Δ716
APC
mice. It also decreased the number and size of
intestinal polyps, showing that PGE2-directed induction
[173]
of VEGF was an important factor for tumor growth .
Moreover, PGE2 was shown to induce expression and
release of the pro-angiogenic chemokine CXCL1
in CRC, which in turn stimulated microvascular
endothelial cell migration and tube formation both in
[174]
vitro and in vivo . Hypoxia was shown to induce EP1
expression in colon cancer cells, while inactivation of
EP1 inhibited PGE2-dependent and hypoxia-inducible
expression of angiopoietin-like protein 4 (ANGPTL4),
whose lipid metabolizing functions are exerted via
[175]
inhibition of lipoprotein lipase (LPL) .
In addition to inducing several angiogenic factors
in epithelial cells, PG signaling in surrounding stromal
cells also supports angiogenesis in colon cancer. For
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example, PGE2 and TXA2 were reported to regulate
the adhesion and spreading of human umbilical vein
endothelial cells (HUVEC) through cAMP-dependent
activation of protein kinase A (PKA) and cAMP- and
[176]
PKA-dependent activation of Rac, respectively
.
Besides VEGF, PGE2 may also mediate the angiogenic
effects of basic fibroblast growth factor (bFGF) by upregulating expression of C-X-C chemokine receptor
type 4 (CXCR4) in human microvascular endothelial
cells (HMECs), and enhancing cellular response to
stromal-derived factor 1 (SDF-1), a unique ligand
[177]
for CXCR4
. TXA2 has been shown to enhance
[178]
endothelial cell migration and angiogenesis
. An
increase in TXA2 levels, as a result of overexpression
of TXA2 synthase in C-26 colon adenocarcinoma cells
allografted to BALB/c mice, was reported to stimulate
accelerated tumor growth and tumor-associated
[179]
angiogenesis .
The process of angiogenesis may require not only
crosstalk between tumor epithelial and endothelial
cells, but also the involvement of immune cells that
produce pro-angiogenic factors. PGE 2 has been
shown to induce mast cells to release VEGF and the
[180,181]
chemokine CCL2
, which can induce tumorassociated angiogenesis by directly recruiting CCR2
expressing endothelial cells and inducing VEGF release
[26]
from macrophages . Contrary to the pro-angiogenic
roles described above, PGE2, through its receptor
EP2, was shown to inhibit secretion of VEGF in Caco-2
[182]
colon cancer cells exposed to hyperosmotic stress .
Additionally, 15d-PGJ2 was shown to down-regulate
COX-2 and VEGF expression in colon carcinoma cells
[183]
by inhibiting the transcription factor AP-1
. In an
in vivo study in which PGI2 synthase was retrovirally
transduced into C-26 colon adenocarcinoma cells and
subsequently grafted to syngeneic BALB/c mice, the
increased production of PGI2 resulted in slower tumor
[179]
growth and a decreased amount of vasculature .
When viewed in total, these findings suggest that
relative levels of pro- and anti-angiogenic prostanoids
in the tumor microenvironment might be strong deter
minants of the degree of angiogenesis that occurs in
colorectal tumors.

LOX pathway in angiogenesis

A growing body of evidence indicates that LOXcatalyzed products (LTs and HETEs) also exhibit im
portant biological effects on the angiogenic process
[184]
in colon tumors. Ye et al
implicated 5-LOX in the
promotion of colon cancer growth by nicotine through
up-regulation of VEGF, MMP-2, and MMP-9, resulting
in stimulation of angiogenesis in the colon. The same
group also reported that cigarette smoke extract
indirectly stimulated endothelial cell proliferation,
a biological phenomenon that may enhance neo[185,186]
angiogenesis
. CysLT1R antagonists were shown
[187]
to impair angiogenesis in colon cancer xenografts ,
while LTB4 was reported to induce neutrophil-mediated
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[188]

vascular permeability . Additionally, LTB4 was shown
to enhance hypoxia-induced microvascular alterations
[189]
in vivo
. Expression of the LTB4 receptor BLT2 was
found to be highly inducible by VEGF, suggesting
interplay among VEGF, BLT2, and BLT2 ligands
[190]
during vascular angiogenesis
. Similarly, LTC4
and LTD4 also promoted angiogenesis via receptor[191]
mediated interactions
. Moreover, reduced vascular
permeability was observed in LTC4 synthase knock-out
[192]
mice which had impaired synthesis of cysteinyl LTs .
Very few reports have addressed the role of
15-LOX-1 in neo-angiogenesis in colorectal cancer.
Recently, our group and others have shown that reexpression of 15-LOX-1 in colon cancer cell lines could
reduce the expression and secretion of VEGF-A, and
that treatment of HUVECs with conditioned medium
from colon cancer cell lines ectopically expressing
[159,193]
15-LOX-1 resulted in reduced tube formation
.
However, the signaling mechanism that medicates this
angiostatic effect has not yet been reported.
Therefore, as with the prostanoids, it is likely that
different bioactive lipids produced by the LOX pathway
may have contrasting effects on angiogenesis, and
their ultimate functional effects may be decided by the
balance between pro- and anti-angiogenic products.

EICOSANOIDS IN THE RESOLUTION OF
INFLAMMATION
The resolution of acute inflammation, rather than being
a passive process of diluting out pro-inflammatory
mediators, was shown to be actively conducted by
[194]
several different bioactive lipid mediators . The timely
resolution of inflammation prevents the development
of chronic inflammation and fibrosis, and enables an
[194]
organism regain a state of homeostasis .
The primary drivers of resolution include cessation
of neutrophil infiltration and the nonphlogistic recruit
ment of macrophages to clear debris at the site of
[194]
inflammation . Lipoxins (Lx) were the first bioactive
lipids to be identified as mediators of these processes.
Lx’s can be synthesized from AA in neutrophils through
the enzymatic action of 5-LOX, and LTA4 can be
converted to LXA4 and LXB4 by 12-LOX in platelets
[195]
upon the latter’s adherence to neutrophils
(Figure
1). Additionally, AA can be metabolized by 15-LOX-1;
after which, the oxygenated product can be converted
to an epoxytetraene, and then to LXA4 or LXB4 by
the action of hydrolases. ASA stimulates acetylation
of COX-2, and thus shifts the activity of that enzyme
from production of pro-inflammatory prostanoids
to production 15(R)-HETE, which is subsequently
metabolized by 5-LOX to 15-epi-Lx or aspirin triggered
[18]
lipoxins (ATLs) . Many of these bioactive lipids act
through G-protein coupled receptors such as the
lipoxin receptor/formyl peptide receptor (ALX/FPR2),
[18]
which binds to LXA4 and ATLs . Although most
autacoids involved in resolution are known to be
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synthesized in a transcellular manner involving at least
two cell types, a recent study indicates that lipoxins
[196]
may also be generated from a single immune cell .
LXA4 expression or administration of LXA4 analogs
[197]
has been shown to reduce DSS-induced colitis
.
Inflammatory stimuli in intestinal epithelial cells have
been shown to initiate a feedback reaction which upregulates expression of the LXA4 receptor in intestinal
[198]
epithelial cells
. Additionally, co-culture of Caco-2
cells with macrophages, where the cells were also
treated with LXA4, resulted in decreased secretion
[199]
of pro-inflammatory cytokines
, most likely due
to inhibition of NF-κB. In a recent study which used
colonic biopsies obtained from patients experiencing
a remission of ulcerative colitis, significantly increased
levels of LXA4, along with enhanced expression of
FPR2/ALX receptor mRNA and increased levels of
macrophage infiltration were observed, suggesting that
LXA4 levels may play an important role in restoring
[200]
mucosal homeostasis
. FPR2 expression was also
shown to be increased in the colons of patients with
Crohn’s disease; again indicating that signaling through
lipoxin was enhanced in the same inflammatory
environments that were most likely to have enhanced
[201]
clearance of debris or bacteria by macrophages .
Resolvins (Rvs) are derived from the n-3 fatty
acids EPA (E-series Rvs) and DHA (D-series Rvs),
and formed by the concerted actions of acetylated
[18]
COX-2, 5-LOX or 15-LOX
(Figure 1). Rvs have
demonstrated potency at very low concentrations
[18]
when administered orally or intravenously , and are
known to signal through ChemR23 and chemokine-like
[18]
receptor 1 (CMKLR) . RvD1 and RvD2 in the CACs
of mice are known to be chemopreventive, and help
[202]
reduce tumor growth . RvE1 was reported to induce
the clearance of neutrophils into the lumen of the
[203]
gastrointestinal tract
. Moreover, RvE1 was shown
to inhibit phosphorylation and activation of p65 NFκB in the distal colons of mice in a DSS-colitis mouse
[199]
model
, suggesting its roles in both pro-resolution
and anti-inflammatory pathways. Interestingly, the
enzyme intestinal alkaline phosphatase (ALP1), a
marker of differentiation, was shown to be induced in
epithelial cells in the presence of RvE1, and also have
[204]
a role in protecting against colitis
. Many of these
potent bioactive molecules are currently being studied
[205]
in large-scale clinical trials .
Mareisins (MaR) are generated in macrophages from
[202]
DHA through the action of macrophage 12-LOX
.
Intermediates formed during the conversion of DHA
to MaR1 were shown to inhibit formation of LTB4
and oxygenation of AA by 12-LOX, but enhance
conversion of M1 inflammatory macrophages to
[202]
the M2 phenotype
. Another recently identified
intermediate is 13,14-dihydroxydocosahexaenoic
acid (13,14-diHDHA or MaR2), which is synthesized
when macrophages are co-incubated with 12-LOX
and soluble epoxide hydrolase (sEH). This compound
has been shown to reduce neutrophil migration and
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enhance macrophage phagocytosis at nanogram
[202]
concentrations
. MaR1 was recently used in a DSS
and TNBS-induced mouse model of colitis. In that
model, the disease activity index, amount of body
weight loss, and tissue damage in the colon were all
reduced. Additionally, there were significant decreases
in the levels of inflammatory cytokines; most likely
[206]
resulting from inhibition of the NF-κB pathway
.
Moreover, in the same study, reduced migration of
neutrophils, reduced ROS production, and reduced
levels of inflammatory cytokines in LPS-stimulated
bone marrow-derived macrophage cultures incubated
[206]
with MaR1 were also reported .

their overexpression, enhanced enzymatic activity
or epigenetic silencing. Therefore, one may envisage
the design and development of chromatin modifiers
capable of reducing the expression of pro-inflammatory
enzymes such as COX-2 and 5-LOX, while enhancing
the expression of the anti-inflammatory enzymes such
as 15-LOX-1.
There is no dearth of information in the literature
highlighting the importance of eicosanoids in cancer.
Delving into the details of how eicosanoids function
in both tumor and stromal cells will be essential for
understanding the pathways involved. Such knowledge
will aid in the design of novel cancer therapies.

CONCLUSION
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There is no doubt that eicosanoids are an important
family of immunoregulatory bioactive lipids with
involvement in both the promotion and prevention
of colon cancer. During inflammation, many of these
autacoids act antagonistically or synergistically, and
often in a temporal manner with the aid of different
cell types in order to induce homeostasis. Many of
these bioactive lipids are also essential for various
cellular functions. Despite its importance, very few
therapeutic agents are available that can modulate
the aberrant production of these molecules specifically
in the context of colorectal or other cancers. ASA
is undoubtedly one of the best known drugs that
interferes with the COX pathway; however, ASA needs
to be consumed long term (at least 5 years) to provide
any protective effect against cancer. Furthermore, use
of ASA is associated with significant bleeding events,
and is therefore not suitable for all patients. COX-2
inhibitors that specifically target the inflammatory arm
of the COX metabolic pathway are approved primarily
for pain relief rather than for cancer chemotherapy,
and are also associated with significant cardiovascular
side effects. On the other hand, CysLTR antagonists
that were originally designed for asthma have also
[207]
not demonstrated high levels of efficacy
. Because
inhibition of one pathway leads to activation of another
due to the shunting of substrates, combined COX/LOX
inhibitors have proved to be more effective than signal
pathway inhibitors, and should be further studied in
the context of CRC.
The scientific community needs to develop drugs
that are specifically effective in cancer, and per
haps the most promising candidates include newly
discovered resolution mediators such as lipoxins,
resolvins, and mareisins. The results of early studies
have indicated that these mediators are effective
at very low concentrations, and therefore may be
viable chemopreventive/therapeutic agents for use
in CRC. It is also interesting to note that COX-2 and
5-LOX, that are associated with pro-carcinogenic
events, and 15LOX-1, which is associated with
anti-carcinogenic events in CRC, rarely show any
mutations. Deregulation in their activity results from
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Abstract
Colorectal cancer (CRC) is a common malignancy world
wide. In CRC patients, metastases are the main cause
of cancer-related mortality. In a group of metastatic
CRC patients, the metastases are limited to a single
site (solitary organ); the liver and lungs are the most
commonly involved sites. When metastatic disease is
limited to the liver and/or lungs, the resectability of
the metastatic lesions will dictate the management
approach and the outcome. Less commonly, the site
of solitary organ CRC metastasis is the peritoneum. In
these patients, cytoreduction followed by hyperthermic
intraperitoneal chemotherapy may improve the
outcome. Rarely, CRC involves other organs, such as
the brain, bone, adrenals and spleen, as the only site
of metastatic disease. There are limited data to guide
clinical practice in these cases. Here, we have reviewed
the disease characteristics, management approaches
and prognosis based on the metastatic disease site in
patients with CRC with metastases to a single organ.
Key words: Colorectal cancer; Metastasis; Prognosis;
Disease management; Liver metastasis; Lung metastasis;
Brain metastasis; Bone metastasis; Peritoneal metastasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colorectal cancer (CRC) is a common ma
lignancy. In CRC patients, metastases are the main
cause of cancer-related mortality. Cancer spread can
sometimes be limited to a single organ, representing
a malignancy with a distinct biological profile and
clinical characteristics. In CRC patients with single
site metastases, the resectability of the metastases
and the site of metastatic disease affect the clinical
characteristics, the optimal management approach and
the prognosis.
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Table 1 Hepatic metastasectomy: Large retrospective studies
Ref.

Rees et al[19], 2008
Choti et al[17], 2002
Fong et al[22], 1999
Nordlinger et al[18], 1996
Scheele et al[20], 1995

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
[1]
malignancies worldwide
and continues to be
one of the leading causes of cancer-related death
[2]
globally . In CRC patients, similar to those with
other malignancies, metastases are the main cause
of cancer-related mortality. Distant metastatic
disease is present in approximately 25% of patients
at initial diagnosis, and half of CRC patients will
[3]
develop metastatic disease . Most patients with
metastatic CRC have incurable disease. In this group
of patients, median survival has improved from less
than 10 mo with best supportive care to 14 mo with
[4,5]
fluoropyrimidine treatment
and to more than 2
[6,7]
years with a combination of various cytotoxic
and
[8,9]
biologic agents .
The concept of oligometastatic cancer was first
[10]
proposed two decades ago . Cancer spread can
sometimes be limited to a single organ, representing a
malignancy with a peculiar biological profile and clinical
characteristics. In this group of patients, the prognosis
differs significantly: some patients with resecta
ble metastases can be offered potentially curative
treatments, and occasionally, chemotherapy can be
[11]
used to render the metastases resectable , but the
prognosis in others remains grim. Numerous factors
are involved in this difference in prognosis. Here, we
have reviewed the literature to clarify the prognosis of
CRC patients with metastases to a single site (solitary
organ) and the prognostic role of the metastatic
disease site.

LIVER
The liver is the most common site of metastasis
from CRC; this is thought to be due to the venous
drainage of the colon and rectum. Approximately
50% of CRC patients will develop liver metastasis
[12]
during the course of the disease . In patients with
metastatic CRC, the liver is the sole organ with
[13]
metastases in approximately one-third of patients .
In a retrospective analysis of 780 patients with CRC
and liver-only metastases (including both resectable
and non-resectable cases), the median overall survival
[14]
(mOS) was reported as 22.8 mo . Depending on
the resectability of the metastases, patients with liver
metastases from CRC have different prognoses.

RESECTABLE LIVER METASTASIS
Approximately 20% of patients with hepatic metastases

WJG|www.wjgnet.com

Patients, Median
5-yr
10-yr
20-yr
n
overall survival survival survival
survival
(mo)
929
226
1001
1568
434

46
42
40

36%
40%
37%
28%
33%

23%
26%
22%
20%

17%

[15]

present with resectable disease at diagnosis . Ac
cording to one consensus statement, contraindica
tions to resection include the following: unresectable
extrahepatic disease, more than 70% liver involvement,
[16]
liver failure, and being surgically unfit . Nevertheless,
the selection criteria for hepatic resection are evolving
and are beyond the scope of this review. In patients
who undergo resection of liver metastases, a 5-year
[17-25]
survival of 25% to 58%
and a 10-year survival
[17,19-21,26]
of 17% to 28%
have been reported, and
[20]
one study has reported a 20-year survival of 17%
(Table 1). A systematic review of the published data
showed a 5-year survival of approximately 30%, with
[27]
the majority of these patients being disease-free .
Studies have shown that a significant number of
[21,28]
5-year survivors progress to cancer-related death
.
However, it appears that patients who survive 10
[21,29]
years are cured
. In patients with resectable
liver metastases, perioperative chemotherapy with
the FOLFOX regimen has been shown to improve
[30]
progression-free survival . However, this approach
[31]
has not been shown to improve overall survival .

NON-RESECTABLE LIVER METASTASIS
The majority of patients with liver metastases from
[32-35]
primary CRC have non-resectable disease
.
Historical data show that without treatment, these
[36,37]
patients have a poor prognosis
. Retrospective
studies of this population suggest that the amount
of liver replaced by the tumor is the most significant
[38-42]
indicator of outcome
(Table 2). In a large study
[39]
by Stangl et al
that included 484 patients, 189 who
did not have extrahepatic metastases had a median
survival of 9.6 mo. In this group, patients with a
lower volume of liver replaced by tumor and grade
1-2 (primary) disease with no extrahepatic and no
mesenteric lymph node involvement had the highest
median survival (21.3 mo; range, 5-68 mo; 95%CI:
15.6-34.1). According to these studies, the median
survival of patients with CRC metastases confined to
the liver with a low disease volume is in the range of
11 to 18 mo; with a higher disease volume, the range
is 6 to 8 mo. These studies predate the currently
available systemic treatments. Nevertheless, even
with the improvements in the survival of patients with
metastatic CRC using current chemotherapy regimens,
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Table 2 Retrospective studies of patients with unresected liver metastases
Ref.

Patients without
extrahepatic metastases, n

Yamamura et al[41], 1997
(n = 73)

Stangl et al[39], 1994

Median overall
survival (mo)

Treatments

67

Metastases in one lobe
Less than four metastases in both lobes
More than five metastases in both lobes

13
12
6

189

≤ 25%

11.1
6.3
15.1
23.8
14.8
7.3
17
8.23
18
7
8

Chemotherapy
(chemotherapy did not significantly
affect survival in multivariate
analysis)
No treatment

> 25%

Chang et al[38], 1989
(n = 67)

Arnaud et al[40], 1984
(n = 56)
Johnson et al[42], 1981

The extent of liver involvement

49

(not specified)
51

< 25%
25%-75%
> 75%
One lobe
Both lobes
Solitary liver metastasis (n = 12)
Multiple metastases in one lobe (n = 6)
Multiple metastases in both lobes (n = 33)

Floxuridine
(hepatic arterial or intravenously)

NA
NA

mOS: Median overall survival; NA: Not available.

patients with non-resectable liver metastases have a
[43]
low 5-year survival rate .
In some patients, hepatic metastases that are
initially deemed non-resectable can be resected after
[11,44,45]
neoadjuvant chemotherapy
. Similar 5-year
survival rates have been reported in this group com
[46]
pared to patients who initially had resectable disease .
In some patients with non-resectable liver lesions,
radiofrequency ablation is an option that may provide
tumor control. In this group of patients, a median
survival of 36-59 mo has been reported with local
[47-50]
ablation
. Selective intraoperative radiotherapy
(SIRT) is another liver-directed treatment strategy
that has been shown to control the progression of
metastatic colon cancer within the liver. This involves
injecting yttrium-labeled microspheres into the liver
[51]
via the hepatic artery . Randomized phase Ⅲ
trials that evaluated the addition of SIRT to systemic
chemotherapy as part of the treatment of metastatic
[52-54]
CRC limited to the liver are underway
. The SIRFLOX
study results were presented in the recent Annual
Meeting of American Society of Clinical Oncology. In
this study addition of SIRT to standard chemotherapy
did not improve overall progression free survival but
improved liver progression free survival. Overall survival
[52]
results from this study are not available yet .

LUNG
The lungs are the second most common site of distant
[55-57]
metastases from CRC
. Previous studies have
shown that 10%-15% of patients with CRC develop
[58,59]
lung metastases during the course of the disease
.
Compared to colon cancer, patients with rectal cancer
are at a higher risk of synchronous and metachronous
[57-59]
lung metastases
. This is believed to be due to
direct spread of rectal cancer into systemic circulation
[60]
through the hemorrhoidal veins . Isolated lung
metastases are thought to be less common: in two
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[58]

[61]

retrospective studies, 2.8%
and 7.4%
of pati
ents were reported to have isolated lung metastases.
In the multivariate analysis of 5654 CRC patients,
those with isolated lung metastases seemed to have
a significantly better prognosis compared to those
who had another metastatic location in addition
[58]
to the lungs . One retrospective study showed a
significantly better prognosis for patients with lungonly disease compared to those with a single organ
[14]
metastasis to another organ .

RESECTABLE LUNG METASTASIS
In the absence of randomized prospective studies and
based on data from retrospective series, it is widely
accepted that surgery should be considered for the
management of resectable pulmonary metastases
[62-64]
from CRC
. Based on the literature, the suitability
criteria for the resection of pulmonary metastases
include the following: control of the primary tumor;
possible complete resection; and adequate pulmonary
[65]
reserve to tolerate the planned resection . Various
series have shown mOS of 36.2 mo to 49 mo, 5-year
[66-77]
survival rates of 32% to 68%
and 10-year survival
[75,78-80]
rates of 11% to 34%
in patients with CRC
undergoing lung metastasectomy (Table 3).
A meta-analysis of the published data has
suggested that in this group of patients, the absence
of thoracic node involvement, prolonged diseasefree interval (between primary tumor and metastatic
spread), normal pre-thoracotomy carcinoembryonic
antigen (CEA), and a single pulmonary lesion are
[63]
associated with prolonged survival ; of these
criteria, the last three have also been shown to be of
[64]
prognostic value in a separate analysis .

NON-RESECTABLE LUNG METASTASIS
In the majority of patients with CRC and pulmonary
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[88]

Table 3 Retrospective studies including ≥ 100 patients with
resectable lung metastases from colorectal cancer
Ref.

Year

n

median
survival (mo)

5-yr survival
rate (%)

Borasio et al[66]
Hwang et al[67]
Riquet et al[68]
Watanabe et al[69]
Welter et al[70]
Yedibela et al[71]
Inoue et al[72]
Kanemitsu et al[73]
Pfannschmidt et al[74]
Saito et al[75]
Zink et al[76]

2011
2010
2010
2009
2007
2006
2004
2004
2003
2002
2001

137
125
127
113
169
153
128
313
167
165
110

36.2
37
45
NA
47.2
43
49
38
40
NA
41

55
48
41
68
39
37
45
38
32
40
32

NA: Not available.

involvement, the lung metastases are not resectable.
In a prospective study of 70 patients with CRC and
isolated unresectable lung metastases who were
[81]
treated with chemotherapy , the mOS was 19 mo
(95%CI: 12.6-25.4 mo, range: 5-44 mo), with a 2-year
OS rate of 38.8%. The first response assessment
seemed to be a prognostic factor, with a mOS of 27
mo (95%CI: 23.4-30.6 mo) for patients with a partial
response compared with 16 mo (95%CI: 8.3-23.7
mo) and 8 mo (95%CI: 5.2-10.8 mo) in patients with
stable disease and disease progression, respectively
(P < 0.01). Notably, the lung metastases in a small
proportion of patients (5.7%) in this study became
[81]
resectable with chemotherapy . In a retrospective
study of patients with non-resected lung metastases
[58]
who underwent palliative chemotherapy, Mitry et al
reported 3-year survival rates of 14.4 and 15.3% for
metachronous and synchronous lung metastases,
respectively; the 5-year survival rates were reported
to be 0 and 8.4%, respectively, for the same cohorts.

BRAIN

PERITONEUM
In retrospective studies of CRC patients, the rate
of peritoneal metastases has been reported to be
[82-85]
between 4% and 13%
, with the peritoneum as
the only site of metastatic disease in approximately
[82,84]
4% of patients
. The risk factors for peritoneal
involvement include right-sided tumor, advanced
T-stage, advanced N-stage, poor differentiation
grade, mucinous adenocarcinoma and younger age
[86]
at diagnosis . Historically, peritoneal carcinomatosis
from CRC has been associated with poor prognosis
[83,87]
with a median survival of 6-8 mo
. Intraperitoneal
chemotherapy has been suggested to improve
outcomes in these patients. In a retrospective analysis
of 523 patients with CRC and peritoneal involvement as
the sole metastatic site who underwent cytoreductive
surgery and intraperitoneal chemotherapy, the overall
1-year, 3-year, and 5-year survival rates were 81%,
41%, and 27%, respectively. In that study, the median
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survival was 30.1 mo .
[89]
A randomized trial by Verwaal et al
showed
that in patients with peritoneal metastases of CRC
or positive cytology of ascites, in the absence of
other distant metastases, cytoreduction followed by
hyperthermic intraperitoneal chemotherapy (HIPEC)
offers a statistically significant advantage in terms of
survival (median disease-specific survival of 22.2 mo
in the HIPEC arm vs 12.6 mo in the standard arm)
and progression-free survival (12.6 mo in the HIPEC
arm vs 7.7 mo in the standard arm). Importantly,
in the standard arm of this study, patients received
chemotherapy with fluorouracil and leucovorin. In
a case-control study, including 48 cases in each
arm, patients with resectable peritoneal metasta
ses had a median survival of 24 mo with systemic
chemotherapy; in the cytoreduction plus HIPEC group,
the median survival reached 62.7 mo, with a 5-year
[90]
survival rate of 51% . In another study of 67 cases
and 38 controls, the mOS was significantly prolonged
[91]
in the HIPEC group (34.7 mo vs 16.8 mo, P < 0.001) .
In both of the latter studies, both arms received
[90,91]
modern systemic chemotherapy regimens
.
This is especially important because in patients
with colorectal peritoneal carcinomatosis, modern
systemic therapies might be associated with improved
outcome (in patients treated systemically alone or with
cytoreductive surgery combined with perioperative
[92]
intraperitoneal chemotherapy) .
It appears that in patients with peritoneal metastases
from CRC, cytoreductive surgery and intraperitoneal
chemotherapy may improve the outcomes, but there is
[93]
still insufficient evidence in this area .
Single organ metastases from CRC are less common
in other sites, and below we have reviewed some of
these scenarios.

Compared to liver and lung metastases, cerebral
metastases from CRC are uncommon. The incidence
of brain metastases in patients with CRC has been
reported to be between 0.3% and 6% in different
[94-97]
series
. The incidence might be increasing with the
[98]
recent developments in the treatment of CRC . In
patients with brain metastases due to CRC, the primary
tumor is more frequently located in the distal colon and
[99,100]
rectum rather than in the proximal colon
. Brain
metastases usually occur later in the course of the
disease, and most patients already have metastases in
other organs, especially the liver and lung, by the time
the brain metastases are diagnosed. The prognosis
remains dismal, and the median survival of patients
with brain metastases from CRC has been reported to
[99,101-104]
be between 3 and 6 mo
, which seems to be
worse than the median survival of patients with brain
[102]
metastasis due to other malignancies . In 2%-10%
of patients with brain metastasis from CRC, the brain
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[99,105,106]

is the only site of metastatic disease
. In these
patients, prognostic factors include age, performance
[107]
status and a controlled primary tumor .
The management approach in patients with brain
metastases from solid tumors (including CRC) depends
on multiple factors, including the following: patient’s
performance status, the status of the primary cancer,
number/location of the brain lesions, and the pres
[108]
ence of leptomeningeal disease
. Local treatments
for brain metastases include surgery, whole brain
[109]
radiotherapy (WBRT) and stereotactic radiosurgery .
Aggressive local treatments (surgical or radiosurgery
in addition to WBRT) improve the outcomes in patients
with a good performance status and a limited number
[110,111]
of brain metastases
. Retrospective studies have
shown that in selected patients with brain metastases
from CRC, the mOS may improve (up to 12-15
mo) with aggressive local treatment of the brain
[100,101,106,112-116]
lesions
.

BONE
The incidence of bone metastasis from CRC has been
reported to be 10.7% to 23.7% in autopsy series, with
signet-ring cell pathology showing a high incidence of
[117]
bony metastases
. One retrospective study using
bone scans and plain radiography showed that the
incidence of skeletal metastasis in patients with CRC
was 6.6%; in this study, 83.1% of the patients had
other organ metastases, and 16.9% were deemed
[118]
to have bony metastases only
. One study used
positron emission tomography and/or CT scans in
252 patients with a diagnosis of CRC and found the
incidence of bone metastasis to be 5.5%, with a
median time from diagnosis to the detection of bone
metastasis of 21 mo; in this study, none of the patients
[119]
had bone-only metastatic disease
. Different series
have shown that the median survival of patients with
bone metastases is between 5 to 7 mo after detecting
[120,121]
the bone metastases
. There are only a few case
reports of patients with solitary bone metastasis from
[122-129]
CRC, with a wide range of prognoses
. In some
[123]
of these cases, the use of radiotherapy
or surgical
[128,129]
resection
of the bone metastases has been
reported to achieve favorable results.

OTHER ORGANS
There are only a few case reports of CRC with isolated
[130-132]
metastases to the adrenal glands
and the
[133]
spleen
. Surgical resection of the metastatic lesion
may play a role in such cases.

REFERENCES
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DISCUSSION
In patients with CRC and single-site metastatic disease,
the site of the metastatic disease affects both the
treatment approach and the prognosis. In patients with
oligometastatic disease limited to the liver and/or the
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lung (and maybe the peritoneum), the most essential
factor that affects the prognosis is the resectability
of the metastatic lesion(s). Favorable prognosis in
these patients with resectable disease might be due to
several factors: in general, such patients have a lower
metastatic burden and are in the earlier phases of the
disease compared with CRC patients with unresectable
metastases, and their performance status is also
generally better as they are well enough to tolerate an
operation. These confounding factors make it difficult
to attribute the improved survival to only one variable;
nonetheless, it is likely that the favorable biology of the
primary disease plays a role in this complex picture.
In patients with non-resectable oligometastatic
disease, those with metastatic disease to the liver
or lung have a better prognosis than those with
[14]
metastases to the peritoneum, brain or bone . The
relationship between patterns of metastases from
tumors and different prognoses can be explained
by the “seed and soil” hypothesis, which was first
[134]
formulated by Paget . According to this hypothesis,
the cancer cells (the seed) must find a suitable
microenvironment in the target organ (the soil) for the
metastasis to occur. Metastasis is a highly complex
process that requires adaptations in the cancer cells
as well as cross-talk between the cancer cells and the
microenvironment both in the primary tumor as well
[135-137]
as in the target organ
. Previous studies have
shown that the involvement of specific organs depends
[138-140]
on cancer cell gene expression
. It is conceivable
that such differences in the metastasizing cancer cells
not only lead to the involvement of various organs but
also have an impact on the outcome of the disease.
Other factors may also affect the prognosis of patients
with different metastatic sites. One is the effect of
the target organ on the cancer cells. Studies have
shown that cancer cell gene expression, behavior and
response to treatment are affected by the target organ
[141-144]
microenvironment
.
In patients with metastatic cancer, including
patients with single-site metastatic disease, there are
several other factors that may also affect survival,
including the involvement of vital organs, which plays
an important role in the case of brain metastases.
The metastatic burden and the disease volume are
also important. In conclusion, in patients with CRC
and single-site metastasis, the resectability of the
metastases and the metastatic disease site affect
the clinical characteristics, the optimal management
approach and the prognosis.

2

11771

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Jemal A, Center MM, DeSantis C, Ward EM. Global patterns of
cancer incidence and mortality rates and trends. Cancer Epidemiol
Biomarkers Prev 2010; 19: 1893-1907 [PMID: 20647400 DOI:
10.1158/1055-9965.EPI-10-0437]

November 7, 2015|Volume 21|Issue 41|

Vatandoust S et al . Colorectal cancer: Single organ metastases
3

4

5

6

7

8

9

10
11

12

13

14

15
16

Van Cutsem E, Oliveira J. Advanced colorectal cancer: ESMO
clinical recommendations for diagnosis, treatment and followup. Ann Oncol 2009; 20 Suppl 4: 61-63 [PMID: 19454465 DOI:
10.1093/annonc/mdp130]
de Gramont A, Bosset JF, Milan C, Rougier P, Bouché O,
Etienne PL, Morvan F, Louvet C, Guillot T, François E, Bedenne
L. Randomized trial comparing monthly low-dose leucovorin
and fluorouracil bolus with bimonthly high-dose leucovorin and
fluorouracil bolus plus continuous infusion for advanced colorectal
cancer: a French intergroup study. J Clin Oncol 1997; 15: 808-815
[PMID: 9053508]
Van Cutsem E, Hoff PM, Harper P, Bukowski RM, Cunningham
D, Dufour P, Graeven U, Lokich J, Madajewicz S, Maroun JA,
Marshall JL, Mitchell EP, Perez-Manga G, Rougier P, Schmiegel
W, Schoelmerich J, Sobrero A, Schilsky RL. Oral capecitabine vs
intravenous 5-fluorouracil and leucovorin: integrated efficacy data
and novel analyses from two large, randomised, phase III trials. Br
J Cancer 2004; 90: 1190-1197 [PMID: 15026800 DOI: 10.1038/
sj.bjc.6601676]
Grothey A, Sargent D, Goldberg RM, Schmoll HJ. Survival
of patients with advanced colorectal cancer improves with the
availability of fluorouracil-leucovorin, irinotecan, and oxaliplatin in
the course of treatment. J Clin Oncol 2004; 22: 1209-1214 [PMID:
15051767 DOI: 10.1200/JCO.2004.11.037]
Tournigand C, André T, Achille E, Lledo G, Flesh M, MeryMignard D, Quinaux E, Couteau C, Buyse M, Ganem G, Landi B,
Colin P, Louvet C, de Gramont A. FOLFIRI followed by FOLFOX6
or the reverse sequence in advanced colorectal cancer: a randomized
GERCOR study. J Clin Oncol 2004; 22: 229-237 [PMID: 14657227
DOI: 10.1200/JCO.2004.05.113]
Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth
J, Heim W, Berlin J, Baron A, Griffing S, Holmgren E, Ferrara
N, Fyfe G, Rogers B, Ross R, Kabbinavar F. Bevacizumab plus
irinotecan, fluorouracil, and leucovorin for metastatic colorectal
cancer. N Engl J Med 2004; 350: 2335-2342 [PMID: 15175435 DOI:
10.1056/NEJMoa032691]
Van Cutsem E, Köhne CH, Láng I, Folprecht G, Nowacki MP,
Cascinu S, Shchepotin I, Maurel J, Cunningham D, Tejpar S,
Schlichting M, Zubel A, Celik I, Rougier P, Ciardiello F. Cetuximab
plus irinotecan, fluorouracil, and leucovorin as first-line treatment
for metastatic colorectal cancer: updated analysis of overall survival
according to tumor KRAS and BRAF mutation status. J Clin
Oncol 2011; 29: 2011-2019 [PMID: 21502544 DOI: 10.1200/
JCO.2010.33.5091]
Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol 1995;
13: 8-10 [PMID: 7799047]
Leonard GD, Brenner B, Kemeny NE. Neoadjuvant chemotherapy
before liver resection for patients with unresectable liver metastases
from colorectal carcinoma. J Clin Oncol 2005; 23: 2038-2048
[PMID: 15774795 DOI: 10.1200/JCO.2005.00.349]
Biasco G, Derenzini E, Grazi G, Ercolani G, Ravaioli M, Pantaleo
MA, Brandi G. Treatment of hepatic metastases from colorectal
cancer: many doubts, some certainties. Cancer Treat Rev 2006; 32:
214-228 [PMID: 16546323 DOI: 10.1016/j.ctrv.2005.12.011]
Jönsson K, Gröndahl G, Salö M, Tingstedt B, Andersson R.
Repeated Liver Resection for Colorectal Liver Metastases: A
Comparison with Primary Liver Resections concerning Perioperative
and Long-Term Outcome. Gastroenterol Res Pract 2012; 2012:
568214 [PMID: 22973305 DOI: 10.1155/2012/568214]
Khattak MA, Martin HL, Beeke C, Price T, Carruthers S, Kim
S, Padbury R, Karapetis CS. Survival differences in patients with
metastatic colorectal cancer and with single site metastatic disease
at initial presentation: results from South Australian clinical registry
for advanced colorectal cancer. Clin Colorectal Cancer 2012; 11:
247-254 [PMID: 22763194 DOI: 10.1016/j.clcc.2012.06.004]
Sheth KR, Clary BM. Management of hepatic metastases from
colorectal cancer. Clin Colon Rectal Surg 2005; 18: 215-223 [PMID:
20011304 DOI: 10.1055/s-2005-916282]
Poston GJ, Adam R, Alberts S, Curley S, Figueras J, Haller D,
Kunstlinger F, Mentha G, Nordlinger B, Patt Y, Primrose J, Roh M,

WJG|www.wjgnet.com

17

18

19

20
21

22

23

24

25

26

27

28

29

30

11772

Rougier P, Ruers T, Schmoll HJ, Valls C, Vauthey NJ, Cornelis M,
Kahan JP. OncoSurge: a strategy for improving resectability with
curative intent in metastatic colorectal cancer. J Clin Oncol 2005; 23:
7125-7134 [PMID: 16192596 DOI: 10.1200/JCO.2005.08.722]
Choti MA, Sitzmann JV, Tiburi MF, Sumetchotimetha W, Rangsin
R, Schulick RD, Lillemoe KD, Yeo CJ, Cameron JL. Trends in
long-term survival following liver resection for hepatic colorectal
metastases. Ann Surg 2002; 235: 759-766 [PMID: 12035031 DOI:
10.1097/00000658-200206000-00002]
Nordlinger B, Guiguet M, Vaillant JC, Balladur P, Boudjema K,
Bachellier P, Jaeck D. Surgical resection of colorectal carcinoma
metastases to the liver. A prognostic scoring system to improve
case selection, based on 1568 patients. Association Française
de Chirurgie. Cancer 1996; 77: 1254-1262 [PMID: 8608500
DOI: 10.1002/(SICI)1097-0142(19960401)77:7<1254::AIDCNCR5>3.0.CO;2-I]
Rees M, Tekkis PP, Welsh FK, O’Rourke T, John TG. Evaluation of
long-term survival after hepatic resection for metastatic colorectal
cancer: a multifactorial model of 929 patients. Ann Surg 2008; 247:
125-135 [PMID: 18156932 DOI: 10.1097/SLA.0b013e31815aa2c2]
Scheele J, Stang R, Altendorf-Hofmann A, Paul M. Resection of
colorectal liver metastases. World J Surg 1995; 19: 59-71 [PMID:
7740812 DOI: 10.1007/BF00316981]
Tomlinson JS, Jarnagin WR, DeMatteo RP, Fong Y, Kornprat P,
Gonen M, Kemeny N, Brennan MF, Blumgart LH, D’Angelica M.
Actual 10-year survival after resection of colorectal liver metastases
defines cure. J Clin Oncol 2007; 25: 4575-4580 [PMID: 17925551
DOI: 10.1200/JCO.2007.11.0833]
Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH. Clinical
score for predicting recurrence after hepatic resection for metastatic
colorectal cancer: analysis of 1001 consecutive cases. Ann Surg
1999; 230: 309-18; discussion 318-21 [PMID: 10493478 DOI:
10.1097/00000658-199909000-00004]
Abdalla EK, Vauthey JN, Ellis LM, Ellis V, Pollock R, Broglio KR,
Hess K, Curley SA. Recurrence and outcomes following hepatic
resection, radiofrequency ablation, and combined resection/ablation
for colorectal liver metastases. Ann Surg 2004; 239: 818-25;
discussion 825-7 [PMID: 15166961]
Fernandez FG, Drebin JA, Linehan DC, Dehdashti F, Siegel
BA, Strasberg SM. Five-year survival after resection of hepatic
metastases from colorectal cancer in patients screened by positron
emission tomography with F-18 fluorodeoxyglucose (FDG-PET).
Ann Surg 2004; 240: 438-47; discussion 447-50 [PMID: 15319715
DOI: 10.1097/01.sla.0000138076.72547.b1]
Jamison RL, Donohue JH, Nagorney DM, Rosen CB, Harmsen
WS, Ilstrup DM. Hepatic resection for metastatic colorectal
cancer results in cure for some patients. Arch Surg 1997;
132: 505-10; discussion 511 [PMID: 9161393 DOI: 10.1001/
archsurg.1997.01430290051008]
Wei AC, Greig PD, Grant D, Taylor B, Langer B, Gallinger S.
Survival after hepatic resection for colorectal metastases: a 10-year
experience. Ann Surg Oncol 2006; 13: 668-676 [PMID: 16523369
DOI: 10.1245/ASO.2006.05.039]
Simmonds PC, Primrose JN, Colquitt JL, Garden OJ, Poston GJ,
Rees M. Surgical resection of hepatic metastases from colorectal
cancer: a systematic review of published studies. Br J Cancer 2006;
94: 982-999 [PMID: 16538219 DOI: 10.1038/sj.bjc.6603033]
Viganò L, Ferrero A, Lo Tesoriere R, Capussotti L. Liver surgery for
colorectal metastases: results after 10 years of follow-up. Long-term
survivors, late recurrences, and prognostic role of morbidity. Ann
Surg Oncol 2008; 15: 2458-2464 [PMID: 18463927 DOI: 10.1245/
s10434-008-9935-9]
Pulitanò C, Castillo F, Aldrighetti L, Bodingbauer M, Parks RW,
Ferla G, Wigmore SJ, Garden OJ. What defines ‘cure’ after liver
resection for colorectal metastases? Results after 10 years of followup. HPB (Oxford) 2010; 12: 244-249 [PMID: 20590894 DOI:
10.1111/j.1477-2574.2010.00155.x]
Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM,
Rougier P, Bechstein WO, Primrose JN, Walpole ET, FinchJones M, Jaeck D, Mirza D, Parks RW, Collette L, Praet M, Bethe

November 7, 2015|Volume 21|Issue 41|

Vatandoust S et al . Colorectal cancer: Single organ metastases

31

32

33
34

35

36

37

38

39

40
41

42

43

U, Van Cutsem E, Scheithauer W, Gruenberger T. Perioperative
chemotherapy with FOLFOX4 and surgery versus surgery
alone for resectable liver metastases from colorectal cancer
(EORTC Intergroup trial 40983): a randomised controlled trial.
Lancet 2008; 371: 1007-1016 [PMID: 18358928 DOI: 10.1016/
S0140-6736(08)60455-9]
Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM,
Rougier P, Bechstein WO, Primrose JN, Walpole ET, FinchJones M, Jaeck D, Mirza D, Parks RW, Mauer M, Tanis E, Van
Cutsem E, Scheithauer W, Gruenberger T. Perioperative FOLFOX4
chemotherapy and surgery versus surgery alone for resectable
liver metastases from colorectal cancer (EORTC 40983): longterm results of a randomised, controlled, phase 3 trial. Lancet
Oncol 2013; 14: 1208-1215 [PMID: 24120480 DOI: 10.1016/
S1470-2045(13)70447-9]
Alberts SR, Horvath WL, Sternfeld WC, Goldberg RM, Mahoney
MR, Dakhil SR, Levitt R, Rowland K, Nair S, Sargent DJ, Donohue
JH. Oxaliplatin, fluorouracil, and leucovorin for patients with
unresectable liver-only metastases from colorectal cancer: a North
Central Cancer Treatment Group phase II study. J Clin Oncol 2005;
23: 9243-9249 [PMID: 16230673 DOI: 10.1200/JCO.2005.07.740]
Kemeny N. Management of liver metastases from colorectal cancer.
Oncology (Williston Park) 2006; 20: 1161-176, 1179; discussion
1161-176, 1161-176, [PMID: 17024869]
Konopke R, Roth J, Volk A, Pistorius S, Folprecht G, Zöphel
K, Schuetze C, Laniado M, Saeger HD, Kersting S. Colorectal
liver metastases: an update on palliative treatment options. J
Gastrointestin Liver Dis 2012; 21: 83-91 [PMID: 22457864]
Muratore A, Zorzi D, Bouzari H, Amisano M, Massucco P, Sperti
E, Capussotti L. Asymptomatic colorectal cancer with un-resectable
liver metastases: immediate colorectal resection or up-front systemic
chemotherapy? Ann Surg Oncol 2007; 14: 766-770 [PMID:
17103261 DOI: 10.1245/s10434-006-9146-1]
Bengmark S, Hafström L. The natural history of primary
and secondary malignant tumors of the liver. I. The prognosis
for patients with hepatic metastases from colonic and rectal
carcinoma by laparotomy. Cancer 1969; 23: 198-202 [PMID:
5763253 DOI: 10.1002/1097-0142(196901)23:1<198::AIDCNCR2820230126>3.0.CO;2-J]
Pestana C, Reitemeier RJ, Moertel CG, Judd ES, Dockerty MB.
The natural history of carcinoma of the colon and rectum. Am J Surg
1964; 108: 826-829 [PMID: 14233766 DOI: 10.1016/0002-9610(64
)90041-8]
Chang AE, Steinberg SM, Culnane M, White DE. Determinants
of survival in patients with unresectable colorectal liver metastases.
J Surg Oncol 1989; 40: 245-251 [PMID: 2927137 DOI: 10.1002/
jso.2930400409]
Stangl R, Altendorf-Hofmann A, Charnley RM, Scheele J. Factors
influencing the natural history of colorectal liver metastases.
Lancet 1994; 343: 1405-1410 [PMID: 7515134 DOI: 10.1016/
S0140-6736(94)92529-1]
Arnaud JP, Dumont P, Adloff M, Leguillou A, Py JM. Natural
history of colorectal carcinoma with untreated liver metastases. Surg
Gastroenterol 1984; 3: 37-42 [PMID: 6522907]
Yamamura T, Tsukikawa S, Akaishi O, Tanaka K, Matsuoka H,
Hanai A, Oikawa H, Ozasa T, Kikuchi K, Matsuzaki H, Yamaguchi
S. Multivariate analysis of the prognostic factors of patients with
unresectable synchronous liver metastases from colorectal cancer.
Dis Colon Rectum 1997; 40: 1425-1429 [PMID: 9407979 DOI:
10.1007/BF02070706]
Johnson WR, McDermott FT, Pihl E, Milne BJ, Price AB, Hughes
ES. Palliative operative management in rectal carcinoma. Dis
Colon Rectum 1981; 24: 606-609 [PMID: 6172244 DOI: 10.1007/
BF02605756]
Adam R, Delvart V, Pascal G, Valeanu A, Castaing D, Azoulay D,
Giacchetti S, Paule B, Kunstlinger F, Ghémard O, Levi F, Bismuth
H. Rescue surgery for unresectable colorectal liver metastases
downstaged by chemotherapy: a model to predict long-term survival.
Ann Surg 2004; 240: 644-57; discussion 657-8 [PMID: 15383792
DOI: 10.1097/01.sla.0000141198.92114.f6]

WJG|www.wjgnet.com

44

45

46

47

48

49

50

51

52

53

54
55

56

57

58

11773

Giacchetti S, Itzhaki M, Gruia G, Adam R, Zidani R, Kunstlinger
F, Brienza S, Alafaci E, Bertheault-Cvitkovic F, Jasmin C, Reynes
M, Bismuth H, Misset JL, Lévi F. Long-term survival of patients
with unresectable colorectal cancer liver metastases following
infusional chemotherapy with 5-fluorouracil, leucovorin, oxaliplatin
and surgery. Ann Oncol 1999; 10: 663-669 [PMID: 10442188 DOI:
10.1023/A:1008347829017]
Pozzo C, Basso M, Cassano A, Quirino M, Schinzari G, Trigila N,
Vellone M, Giuliante F, Nuzzo G, Barone C. Neoadjuvant treatment
of unresectable liver disease with irinotecan and 5-fluorouracil
plus folinic acid in colorectal cancer patients. Ann Oncol 2004; 15:
933-939 [PMID: 15151951 DOI: 10.1093/annonc/mdh217]
Bismuth H, Adam R, Lévi F, Farabos C, Waechter F, Castaing D,
Majno P, Engerran L. Resection of nonresectable liver metastases
from colorectal cancer after neoadjuvant chemotherapy. Ann Surg
1996; 224: 509-20; discussion 520-2 [PMID: 8857855]
Berber E, Tsinberg M, Tellioglu G, Simpfendorfer CH, Siperstein
AE. Resection versus laparoscopic radiofrequency thermal ablation
of solitary colorectal liver metastasis. J Gastrointest Surg 2008; 12:
1967-1972 [PMID: 18688683 DOI: 10.1007/s11605-008-0622-8]
Gillams AR, Lees WR. Five-year survival following radiofrequency
ablation of small, solitary, hepatic colorectal metastases. J Vasc
Interv Radiol 2008; 19: 712-717 [PMID: 18440460 DOI: 10.1016/
j.jvir.2008.01.016]
Oshowo A, Gillams A, Harrison E, Lees WR, Taylor I. Comparison
of resection and radiofrequency ablation for treatment of solitary
colorectal liver metastases. Br J Surg 2003; 90: 1240-1243 [PMID:
14515293 DOI: 10.1002/bjs.4264]
Solbiati L, Livraghi T, Goldberg SN, Ierace T, Meloni F, Dellanoce
M, Cova L, Halpern EF, Gazelle GS. Percutaneous radio-frequency
ablation of hepatic metastases from colorectal cancer: long-term
results in 117 patients. Radiology 2001; 221: 159-166 [PMID:
11568334 DOI: 10.1148/radiol.2211001624]
Stubbs RS, Cannan RJ, Mitchell AW. Selective internal radiation
therapy with 90yttrium microspheres for extensive colorectal liver
metastases. J Gastrointest Surg 2001; 5: 294-302 [PMID: 11360053
DOI: 10.1016/S1091-255X(01)80051-2]
Gibbs P, Gebski V, Van Buskirk M, Thurston K, Cade DN, Van
Hazel GA; SIRFLOX Study Group. Selective Internal Radiation
Therapy (SIRT) with yttrium-90 resin microspheres plus standard
systemic chemotherapy regimen of FOLFOX versus FOLFOX
alone as first-line treatment of non-resectable liver metastases from
colorectal cancer: the SIRFLOX study. BMC Cancer 2014; 14: 897
[PMID: 25487708 DOI: 10.1186/1471-2407-14-897]
FOLFOX6m Plus SIR-Spheres Microspheres vs FOLFOX6m
Alone in Patients With Liver Mets From Primary Colorectal Cancer
(FOXFIREGlobal). Available from: URL: https://clinicaltrials.gov/
show/NCT01721954
Comparing HAI-90Y (SIR-spheres) Chemotx LV5FU2 Versus
Chemotx LV5FU2 Alone to Treat Colorectal Cancer. Available from:
URL: https://clinicaltrials.gov/show/NCT01895257
Galandiuk S, Wieand HS, Moertel CG, Cha SS, Fitzgibbons RJ,
Pemberton JH, Wolff BG. Patterns of recurrence after curative
resection of carcinoma of the colon and rectum. Surg Gynecol Obstet
1992; 174: 27-32 [PMID: 1729745]
Weiss L, Grundmann E, Torhorst J, Hartveit F, Moberg I, Eder
M, Fenoglio-Preiser CM, Napier J, Horne CH, Lopez MJ.
Haematogenous metastatic patterns in colonic carcinoma: an analysis
of 1541 necropsies. J Pathol 1986; 150: 195-203 [PMID: 3806280
DOI: 10.1002/path.1711500308]
Kobayashi H, Mochizuki H, Sugihara K, Morita T, Kotake K,
Teramoto T, Kameoka S, Saito Y, Takahashi K, Hase K, Oya
M, Maeda K, Hirai T, Kameyama M, Shirouzu K, Muto T.
Characteristics of recurrence and surveillance tools after curative
resection for colorectal cancer: a multicenter study. Surgery 2007;
141: 67-75 [PMID: 17188169 DOI: 10.1016/j.surg.2006.07.020]
Mitry E, Guiu B, Cosconea S, Jooste V, Faivre J, Bouvier AM.
Epidemiology, management and prognosis of colorectal cancer with
lung metastases: a 30-year population-based study. Gut 2010; 59:
1383-1388 [PMID: 20732912 DOI: 10.1136/gut.2010.211557]

November 7, 2015|Volume 21|Issue 41|

Vatandoust S et al . Colorectal cancer: Single organ metastases
59

60

61

62

63

64

65
66

67

68

69

70

71

72

73

74

Pihl E, Hughes ES, McDermott FT, Johnson WR, Katrivessis H.
Lung recurrence after curative surgery for colorectal cancer. Dis
Colon Rectum 1987; 30: 417-419 [PMID: 3595358 DOI: 10.1007/
BF02556487]
HUGHES ES, CUTHBERTSON AM. Recurrence after curative
excision of carcinoma of the large bowel. JAMA 1962; 182:
1303-1306 [PMID: 13955552 DOI: 10.1001/jama.1962.0305052000
1001]
Tan KK, Lopes Gde L, Sim R. How uncommon are isolated lung
metastases in colorectal cancer? A review from database of 754
patients over 4 years. J Gastrointest Surg 2009; 13: 642-648 [PMID:
19082673 DOI: 10.1007/s11605-008-0757-7]
Gonzalez M, Ris HB, Krueger T, Gervaz P. Colorectal cancer
and thoracic surgeons: close encounters of the third kind. Expert
Rev Anticancer Ther 2012; 12: 495-503 [PMID: 22500686 DOI:
10.1586/era.12.21]
Gonzalez M, Poncet A, Combescure C, Robert J, Ris HB, Gervaz
P. Risk factors for survival after lung metastasectomy in colorectal
cancer patients: a systematic review and meta-analysis. Ann
Surg Oncol 2013; 20: 572-579 [PMID: 23104709 DOI: 10.1245/
s10434-012-2726-3]
Salah S, Watanabe K, Welter S, Park JS, Park JW, Zabaleta
J, Ardissone F, Kim J, Riquet M, Nojiri K, Gisabella M, Kim
SY, Tanaka K, Al-Haj Ali B. Colorectal cancer pulmonary
oligometastases: pooled analysis and construction of a clinical lung
metastasectomy prognostic model. Ann Oncol 2012; 23: 2649-2655
[PMID: 22547539 DOI: 10.1093/annonc/mds100]
Warwick R, Page R. Resection of pulmonary metastases from
colorectal carcinoma. Eur J Surg Oncol 2007; 33 Suppl 2: S59-S63
[PMID: 18023132 DOI: 10.1016/j.ejso.2007.09.018]
Borasio P, Gisabella M, Billé A, Righi L, Longo M, Tampellini M,
Ardissone F. Role of surgical resection in colorectal lung metastases:
analysis of 137 patients. Int J Colorectal Dis 2011; 26: 183-190
[PMID: 20960207 DOI: 10.1007/s00384-010-1075-6]
Hwang MR, Park JW, Kim DY, Chang HJ, Kim SY, Choi HS, Kim
MS, Zo JI, Oh JH. Early intrapulmonary recurrence after pulmonary
metastasectomy related to colorectal cancer. Ann Thorac Surg 2010;
90: 398-404 [PMID: 20667318 DOI: 10.1016/j.athoracsur.2010.04.0
58]
Riquet M, Foucault C, Cazes A, Mitry E, Dujon A, Le Pimpec
Barthes F, Médioni J, Rougier P. Pulmonary resection for metastases
of colorectal adenocarcinoma. Ann Thorac Surg 2010; 89: 375-380
[PMID: 20103301 DOI: 10.1016/j.athoracsur.2009.10.005]
Watanabe K, Nagai K, Kobayashi A, Sugito M, Saito N. Factors
influencing survival after complete resection of pulmonary
metastases from colorectal cancer. Br J Surg 2009; 96: 1058-1065
[PMID: 19672932 DOI: 10.1002/bjs.6682]
Welter S, Jacobs J, Krbek T, Poettgen C, Stamatis G. Prognostic
impact of lymph node involvement in pulmonary metastases from
colorectal cancer. Eur J Cardiothorac Surg 2007; 31: 167-172
[PMID: 17150367 DOI: 10.1016/j.ejcts.2006.11.004]
Yedibela S, Klein P, Feuchter K, Hoffmann M, Meyer T,
Papadopoulos T, Göhl J, Hohenberger W. Surgical management of
pulmonary metastases from colorectal cancer in 153 patients. Ann
Surg Oncol 2006; 13: 1538-1544 [PMID: 17009154 DOI: 10.1245/
s10434-006-9100-2]
Inoue M, Ohta M, Iuchi K, Matsumura A, Ideguchi K, Yasumitsu T,
Nakagawa K, Fukuhara K, Maeda H, Takeda S, Minami M, Ohno
Y, Matsuda H. Benefits of surgery for patients with pulmonary
metastases from colorectal carcinoma. Ann Thorac Surg 2004; 78:
238-244 [PMID: 15223436 DOI: 10.1016/j.athoracsur.2004.02.017]
Kanemitsu Y, Kato T, Hirai T, Yasui K. Preoperative probability
model for predicting overall survival after resection of pulmonary
metastases from colorectal cancer. Br J Surg 2004; 91: 112-120
[PMID: 14716804 DOI: 10.1002/bjs.4370]
Pfannschmidt J, Muley T, Hoffmann H, Dienemann H. Prognostic
factors and survival after complete resection of pulmonary
metastases from colorectal carcinoma: experiences in 167 patients.
J Thorac Cardiovasc Surg 2003; 126: 732-739 [PMID: 14502146
DOI: 10.1016/S0022-5223(03)00587-7]

WJG|www.wjgnet.com

75

76

77
78

79

80

81

82
83

84

85

86

87

88

89

90

11774

Saito Y, Omiya H, Kohno K, Kobayashi T, Itoi K, Teramachi
M, Sasaki M, Suzuki H, Takao H, Nakade M. Pulmonary
metastasectomy for 165 patients with colorectal carcinoma: A
prognostic assessment. J Thorac Cardiovasc Surg 2002; 124:
1007-1013 [PMID: 12407386 DOI: 10.1067/mtc.2002.125165]
Zink S, Kayser G, Gabius HJ, Kayser K. Survival, disease-free
interval, and associated tumor features in patients with colon/rectal
carcinomas and their resected intra-pulmonary metastases. Eur
J Cardiothorac Surg 2001; 19: 908-913 [PMID: 11404151 DOI:
10.1016/S1010-7940(01)00724-2]
Moore KH, McCaughan BC. Surgical resection for pulmonary
metastases from colorectal cancer. ANZ J Surg 2001; 71: 143-146
[PMID: 11277142 DOI: 10.1046/j.1440-1622.2001.02057.x]
McCormack PM, Burt ME, Bains MS, Martini N, Rusch VW,
Ginsberg RJ. Lung resection for colorectal metastases. 10-year
results. Arch Surg 1992; 127: 1403-1406 [PMID: 1365684 DOI:
10.1001/archsurg.1992.01420120037006]
Okumura S, Kondo H, Tsuboi M, Nakayama H, Asamura H,
Tsuchiya R, Naruke T. Pulmonary resection for metastatic colorectal
cancer: experiences with 159 patients. J Thorac Cardiovasc
Surg 1996; 112: 867-874 [PMID: 8873711 DOI: 10.1016/
S0022-5223(96)70085-5]
Rama N, Monteiro A, Bernardo JE, Eugénio L, Antunes MJ. Lung
metastases from colorectal cancer: surgical resection and prognostic
factors. Eur J Cardiothorac Surg 2009; 35: 444-449 [PMID:
19136273 DOI: 10.1016/j.ejcts.2008.10.047]
Li WH, Peng JJ, Xiang JQ, Chen W, Cai SJ, Zhang W. Oncological
outcome of unresectable lung metastases without extrapulmonary
metastases in colorectal cancer. World J Gastroenterol 2010; 16:
3318-3324 [PMID: 20614489 DOI: 10.3748/wjg.v16.i26.3318]
Jayne DG, Fook S, Loi C, Seow-Choen F. Peritoneal carcinomatosis
from colorectal cancer. Br J Surg 2002; 89: 1545-1550 [PMID:
12445064 DOI: 10.1046/j.1365-2168.2002.02274.x]
Lemmens VE, Klaver YL, Verwaal VJ, Rutten HJ, Coebergh JW,
de Hingh IH. Predictors and survival of synchronous peritoneal
carcinomatosis of colorectal origin: a population-based study. Int
J Cancer 2011; 128: 2717-2725 [PMID: 20715167 DOI: 10.1002/
ijc.25596]
Segelman J, Granath F, Holm T, Machado M, Mahteme H,
Martling A. Incidence, prevalence and risk factors for peritoneal
carcinomatosis from colorectal cancer. Br J Surg 2012; 99: 699-705
[PMID: 22287157 DOI: 10.1002/bjs.8679]
Koppe MJ, Boerman OC, Oyen WJ, Bleichrodt RP. Peritoneal
carcinomatosis of colorectal origin: incidence and current treatment
strategies. Ann Surg 2006; 243: 212-222 [PMID: 16432354 DOI:
10.1097/01.sla.0000197702.46394.16]
Klaver YL, Lemmens VE, Nienhuijs SW, Luyer MD, de Hingh IH.
Peritoneal carcinomatosis of colorectal origin: Incidence, prognosis
and treatment options. World J Gastroenterol 2012; 18: 5489-5494
[PMID: 23112540 DOI: 10.3748/wjg.v18.i39.5489]
Chu DZ, Lang NP, Thompson C, Osteen PK, Westbrook KC.
Peritoneal carcinomatosis in nongynecologic malignancy. A
prospective study of prognostic factors. Cancer 1989; 63: 364-367
[PMID: 2910444 DOI: 10.1002/1097-0142(19890115)63:2<364::
AID-CNCR2820630228>3.0.CO;2-V]
Elias D, Gilly F, Boutitie F, Quenet F, Bereder JM, Mansvelt B,
Lorimier G, Dubè P, Glehen O. Peritoneal colorectal carcinomatosis
treated with surgery and perioperative intraperitoneal chemotherapy:
retrospective analysis of 523 patients from a multicentric French
study. J Clin Oncol 2010; 28: 63-68 [PMID: 19917863 DOI:
10.1200/JCO.2009.23.9285]
Verwaal VJ, Bruin S, Boot H, van Slooten G, van Tinteren H. 8-year
follow-up of randomized trial: cytoreduction and hyperthermic
intraperitoneal chemotherapy versus systemic chemotherapy in
patients with peritoneal carcinomatosis of colorectal cancer. Ann
Surg Oncol 2008; 15: 2426-2432 [PMID: 18521686 DOI: 10.1245/
s10434-008-9966-2]
Elias D, Lefevre JH, Chevalier J, Brouquet A, Marchal F, Classe
JM, Ferron G, Guilloit JM, Meeus P, Goéré D, Bonastre J. Complete
cytoreductive surgery plus intraperitoneal chemohyperthermia

November 7, 2015|Volume 21|Issue 41|

Vatandoust S et al . Colorectal cancer: Single organ metastases

91

92

93

94

95
96
97

98
99

100

101
102

103

104

105
106

107

with oxaliplatin for peritoneal carcinomatosis of colorectal origin.
J Clin Oncol 2009; 27: 681-685 [PMID: 19103728 DOI: 10.1200/
JCO.2008.19.7160]
Franko J, Ibrahim Z, Gusani NJ, Holtzman MP, Bartlett DL,
Zeh HJ. Cytoreductive surgery and hyperthermic intraperitoneal
chemoperfusion versus systemic chemotherapy alone for colorectal
peritoneal carcinomatosis. Cancer 2010; 116: 3756-3762 [PMID:
20564081 DOI: 10.1002/cncr.25116]
Chua TC, Morris DL, Saxena A, Esquivel J, Liauw W, Doerfer
J, Germer CT, Kerscher AG, Pelz JO. Influence of modern
systemic therapies as adjunct to cytoreduction and perioperative
intraperitoneal chemotherapy for patients with colorectal peritoneal
carcinomatosis: a multicenter study. Ann Surg Oncol 2011; 18:
1560-1567 [PMID: 21203904 DOI: 10.1245/s10434-010-1522-1]
Coccolini F, Gheza F, Lotti M, Virzì S, Iusco D, Ghermandi C,
Melotti R, Baiocchi G, Giulini SM, Ansaloni L, Catena F. Peritoneal
carcinomatosis. World J Gastroenterol 2013; 19: 6979-6994 [PMID:
24222942 DOI: 10.3748/wjg.v19.i41.6979]
Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P,
Sawaya RE. Incidence proportions of brain metastases in patients
diagnosed (1973 to 2001) in the Metropolitan Detroit Cancer
Surveillance System. J Clin Oncol 2004; 22: 2865-2872 [PMID:
15254054 DOI: 10.1200/JCO.2004.12.149]
Cascino TL, Leavengood JM, Kemeny N, Posner JB. Brain
metastases from colon cancer. J Neurooncol 1983; 1: 203-209
[PMID: 6678969 DOI: 10.1007/BF00165604]
Rovirosa A, Bodi R, Vicente P, Alastuey I, Giralt J, Salvador L.
[Cerebral metastases in adenocarcinoma of the colon]. Rev Esp
Enferm Dig 1991; 79: 281-283 [PMID: 2054216]
Schouten LJ, Rutten J, Huveneers HA, Twijnstra A. Incidence of
brain metastases in a cohort of patients with carcinoma of the breast,
colon, kidney, and lung and melanoma. Cancer 2002; 94: 2698-2705
[PMID: 12173339 DOI: 10.1002/cncr.10541]
Tabouret E, Chinot O, Metellus P, Tallet A, Viens P, Gonçalves A.
Recent trends in epidemiology of brain metastases: an overview.
Anticancer Res 2012; 32: 4655-4662 [PMID: 23155227]
Damiens K, Ayoub JP, Lemieux B, Aubin F, Saliba W, Campeau
MP, Tehfe M. Clinical features and course of brain metastases in
colorectal cancer: an experience from a single institution. Curr Oncol
2012; 19: 254-258 [PMID: 23144573 DOI: 10.3747/co.19.1048]
Hammoud MA, McCutcheon IE, Elsouki R, Schoppa D, Patt YZ.
Colorectal carcinoma and brain metastasis: distribution, treatment,
and survival. Ann Surg Oncol 1996; 3: 453-463 [PMID: 8876887
DOI: 10.1007/BF02305763]
Farnell GF, Buckner JC, Cascino TL, O’Connell MJ, Schomberg
PJ, Suman V. Brain metastases from colorectal carcinoma. The long
term survivors. Cancer 1996; 78: 711-716 [PMID: 8756361]
Kruser TJ, Chao ST, Elson P, Barnett GH, Vogelbaum MA, Angelov
L, Weil RJ, Pelley R, Suh JH. Multidisciplinary management of
colorectal brain metastases: a retrospective study. Cancer 2008; 113:
158-165 [PMID: 18459179 DOI: 10.1002/cncr.23531]
Amichetti M, Lay G, Dessì M, Orrù S, Farigu R, Orrù P, Farci D,
Melis S. Results of whole brain radiation therapy in patients with
brain metastases from colorectal carcinoma. Tumori 2005; 91:
163-167 [PMID: 15948545]
Schoeggl A, Kitz K, Reddy M, Zauner C. Stereotactic radiosurgery
for brain metastases from colorectal cancer. Int J Colorectal
Dis 2002; 17: 150-155 [PMID: 12049308 DOI: 10.1007/
s00384-001-0362-7]
Alden TD, Gianino JW, Saclarides TJ. Brain metastases from
colorectal cancer. Dis Colon Rectum 1996; 39: 541-545 [PMID:
8620805 DOI: 10.1007/BF02058708]
Kye BH, Kim HJ, Kang WK, Cho HM, Hong YK, Oh ST. Brain
metastases from colorectal cancer: the role of surgical resection
in selected patients. Colorectal Dis 2012; 14: e378-e385 [PMID:
22288509 DOI: 10.1111/j.1463-1318.2012.02962.x]
Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman
T, McKenna WG, Byhardt R. Recursive partitioning analysis
(RPA) of prognostic factors in three Radiation Therapy Oncology
Group (RTOG) brain metastases trials. Int J Radiat Oncol

WJG|www.wjgnet.com

108
109
110

111

112

113

114

115

116

117
118
119

120

121

122

11775

Biol Phys 1997; 37: 745-751 [PMID: 9128946 DOI: 10.1016/
S0360-3016(96)00619-0]
Vogelbaum MA, Suh JH. Resectable brain metastases. J Clin
Oncol 2006; 24: 1289-1294 [PMID: 16525184 DOI: 10.1200/
JCO.2005.04.6235]
Ba JL, Jandial R, Nesbit A, Badie B, Chen M. Current and emerging
treatments for brain metastases. Oncology (Williston Park) 2015; 29:
250-257 [PMID: 25952487 DOI: 10.1200/JCO.2005.04.6235]
Kalkanis SN, Kondziolka D, Gaspar LE, Burri SH, Asher AL,
Cobbs CS, Ammirati M, Robinson PD, Andrews DW, Loeffler
JS, McDermott M, Mehta MP, Mikkelsen T, Olson JJ, Paleologos
NA, Patchell RA, Ryken TC, Linskey ME. The role of surgical
resection in the management of newly diagnosed brain metastases:
a systematic review and evidence-based clinical practice guideline.
J Neurooncol 2010; 96: 33-43 [PMID: 19960230 DOI: 10.1007/
s11060-009-0061-8]
Owonikoko TK, Arbiser J, Zelnak A, Shu HK, Shim H, Robin AM,
Kalkanis SN, Whitsett TG, Salhia B, Tran NL, Ryken T, Moore
MK, Egan KM, Olson JJ. Current approaches to the treatment of
metastatic brain tumours. Nat Rev Clin Oncol 2014; 11: 203-222
[PMID: 24569448 DOI: 10.1038/nrclinonc.2014.25]
Wroński M, Arbit E. Resection of brain metastases from colorectal
carcinoma in 73 patients. Cancer 1999; 85: 1677-1685 [PMID:
10223560 DOI: 10.1002/(SICI)1097-0142(19990415)85:8<1677::
AID-CNCR6>3.0.CO;2-C]
Noura S, Ohue M, Shingai T, Fujiwara A, Imada S, Sueda T,
Yamada T, Fujiwara Y, Ohigashi H, Yano M, Ishikawa O. Brain
metastasis from colorectal cancer: prognostic factors and survival. J
Surg Oncol 2012; 106: 144-148 [PMID: 22287384 DOI: 10.1002/
jso.23055]
Mege D, Ouaissi M, Fuks D, Metellus P, Peltier J, Dufour H,
Regimbeau JM, Dahan L, Sielezneff I, Sastre B. Patients with brain
metastases from colorectal cancer are not condemned. Anticancer
Res 2013; 33: 5645-5648 [PMID: 24324111]
Suzuki Y, Yamaguchi T, Matsumoto H, Nakano D, Honda G,
Shinoura N, Karasawa K, Takahashi K. Prognostic factors and
treatment effects in patients with curatively resected brain metastasis
from colorectal cancer. Dis Colon Rectum 2014; 57: 56-63 [PMID:
24316946 DOI: 10.1097/01.dcr.0000436998.30504.98]
Aprile G, Zanon E, Tuniz F, Iaiza E, De Pauli F, Pella N, Pizzolitto
S, Buffoli A, Piga A, Skrap M, Fasola G. Neurosurgical management
and postoperative whole-brain radiotherapy for colorectal cancer
patients with symptomatic brain metastases. J Cancer Res Clin
Oncol 2009; 135: 451-457 [PMID: 18779977 DOI: 10.1007/
s00432-008-0468-1]
Katoh M, Unakami M, Hara M, Fukuchi S. Bone metastasis
from colorectal cancer in autopsy cases. J Gastroenterol 1995; 30:
615-618 [PMID: 8574333 DOI: 10.1007/BF02367787]
Kanthan R, Loewy J, Kanthan SC. Skeletal metastases in colorectal
carcinomas: a Saskatchewan profile. Dis Colon Rectum 1999; 42:
1592-1597 [PMID: 10613479 DOI: 10.1007/BF02236213]
Roth ES, Fetzer DT, Barron BJ, Joseph UA, Gayed IW, Wan DQ.
Does colon cancer ever metastasize to bone first? a temporal analysis
of colorectal cancer progression. BMC Cancer 2009; 9: 274 [PMID:
19664211 DOI: 10.1186/1471-2407-9-274]
Nozue M, Oshiro Y, Kurata M, Seino K, Koike N, Kawamoto T,
Taniguchi H, Todoroki T, Fukao K. Treatment and prognosis in
colorectal cancer patients with bone metastasis. Oncol Rep 2002; 9:
109-112 [PMID: 11748466 DOI: 10.3892/or.9.1.109]
Santini D, Tampellini M, Vincenzi B, Ibrahim T, Ortega C, Virzi V,
Silvestris N, Berardi R, Masini C, Calipari N, Ottaviani D, Catalano
V, Badalamenti G, Giannicola R, Fabbri F, Venditti O, Fratto ME,
Mazzara C, Latiano TP, Bertolini F, Petrelli F, Ottone A, Caroti C,
Salvatore L, Falcone A, Giordani P, Addeo R, Aglietta M, Cascinu
S, Barni S, Maiello E, Tonini G. Natural history of bone metastasis
in colorectal cancer: final results of a large Italian bone metastases
study. Ann Oncol 2012; 23: 2072-2077 [PMID: 22219016 DOI:
10.1093/annonc/mdr572]
Anoop TM, George S, Divya KP, Jabbar PK. Metastatic phalangeal
osteolysis as an initial presentation of carcinoma colon. Am

November 7, 2015|Volume 21|Issue 41|

Vatandoust S et al . Colorectal cancer: Single organ metastases

123

124
125

126

127

128

129

130

131

132

133

J Surg 2010; 200: e61-e63 [PMID: 20870210 DOI: 10.1016/
j.amjsurg.2010.02.016]
Chalkidou AS, Boutis AL, Padelis P. Management of a Solitary
Bone Metastasis to the Tibia from Colorectal Cancer. Case
Rep Gastroenterol 2009; 3: 354-359 [PMID: 21103253 DOI:
10.1159/000239626]
Gamblin TC, Santos RS, Baratz M, Landreneau RJ. Metastatic
colon cancer to the hand. Am Surg 2006; 72: 98-100 [PMID:
16494196]
Kose F, Sakalli H, Sezer A, Mertsoylu H, Pourbagher A, Reyhan M,
Ozyilkan O. Colon adenocarcinoma and solitary tibia metastasis: rare
entity. J Gastrointest Cancer 2008; 39: 146-148 [PMID: 19241183
DOI: 10.1007/s12029-009-9055-1]
Sheen AJ, Drake D, Langton S, Sherlock DJ. Unusual bony
colorectal metastases in post-hepatometastasectomy patients. J
Hepatobiliary Pancreat Surg 2002; 9: 379-382 [PMID: 12353151
DOI: 10.1007/s005340200044]
Eddekkaoui H, Chekrine T, Sahraoui S, Marouane S, Alj A, Zamiati
S, Nechad M, Benider A. [Isolated bone metastasis of the radius
metachronous of colorectal cancer]. Pan Afr Med J 2013; 14: 161
[PMID: 23819003 DOI: 10.11604/pamj.2013.14.161.1938]
Onesti JK, Mascarenhas CR, Chung MH, Davis AT. Isolated
metastasis of colon cancer to the scapula: is surgical resection
warranted? World J Surg Oncol 2011; 9: 137 [PMID: 22029634
DOI: 10.1186/1477-7819-9-137]
Choi SJ, Kim JH, Lee MR, Lee CH, Kuh JH, Kim JR. Longterm disease-free survival after surgical resection for multiple bone
metastases from rectal cancer. World J Clin Oncol 2011; 2: 326-328
[PMID: 21876853 DOI: 10.5306/wjco.v2.i8.326]
Cantarini R, Covotta F, Aucello A, Montalto G, Procacciante F,
Marcheggiani A, Covotta A. Surgical treatment of isolated lung and
adrenal metastasis from colorectal cancer. Case report. Ann Ital Chir
2012; 83: 337-342 [PMID: 22759471]
Castaldi P, Biondi A, Rausei S, Persiani R, Mirk P, Rufini V. An
unusual case of adrenal metastasis from colorectal cancer: computed
tomography and fluorine 18-fluoro-deoxy-glucose positron
emission tomography-computed tomography features and literature
review. Case Rep Oncol 2010; 3: 416-422 [PMID: 21532984 DOI:
10.1159/000322508]
Kosmidis C, Efthimiadis C, Anthimidis G, Levva S, Ioannidou G,
Zaramboukas T, Emmanouilides C, Baka S, Kosmidou M, Basdanis
G, Fachantidis E. Adrenalectomy for solitary adrenal metastasis
from colorectal cancer: A case report. Cases J 2008; 1: 49 [PMID:
18638404 DOI: 10.1186/1757-1626-1-49]
Abi Saad GS, Hussein M, El-Saghir NS, Termos S, Sharara AI,

134
135

136
137

138

139

140

141

142

143
144

Shamseddine A. Isolated splenic metastasis from colorectal cancer.
Int J Clin Oncol 2011; 16: 306-313 [PMID: 21258837 DOI:
10.1007/s10147-010-0182-2]
Paget S. The distribution of secondary growths in cancer of the
breast. 1889. Cancer Metastasis Rev 1989; 8: 98-101 [PMID:
2673568]
Talmadge JE, Fidler IJ. AACR centennial series: the biology
of cancer metastasis: historical perspective. Cancer Res 2010;
70: 5649-5669 [PMID: 20610625 DOI: 10.1158/0008-5472.
CAN-10-1040]
Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation. Cell 2011; 144: 646-674 [PMID: 21376230 DOI:
10.1016/j.cell.2011.02.013]
Schlüter K, Gassmann P, Enns A, Korb T, Hemping-Bovenkerk
A, Hölzen J, Haier J. Organ-specific metastatic tumor cell adhesion
and extravasation of colon carcinoma cells with different metastatic
potential. Am J Pathol 2006; 169: 1064-1073 [PMID: 16936278
DOI: 10.2353/ajpath.2006.050566]
Kang Y, Siegel PM, Shu W, Drobnjak M, Kakonen SM, CordónCardo C, Guise TA, Massagué J. A multigenic program mediating
breast cancer metastasis to bone. Cancer Cell 2003; 3: 537-549
[PMID: 12842083 DOI: 10.1016/S1535-6108(03)00132-6]
Minn AJ, Gupta GP, Siegel PM, Bos PD, Shu W, Giri DD, Viale
A, Olshen AB, Gerald WL, Massagué J. Genes that mediate breast
cancer metastasis to lung. Nature 2005; 436: 518-524 [PMID:
16049480 DOI: 10.1038/nature03799]
Zang YW, Gu XD, Xiang JB, Chen ZY. Brain metastases from
colorectal cancer: microenvironment and molecular mechanisms. Int
J Mol Sci 2012; 13: 15784-15800 [PMID: 23443093 DOI: 10.3390/
ijms131215784]
Nakajima M, Morikawa K, Fabra A, Bucana CD, Fidler IJ.
Influence of organ environment on extracellular matrix degradative
activity and metastasis of human colon carcinoma cells. J Natl
Cancer Inst 1990; 82: 1890-1898 [PMID: 2174463 DOI: 10.1093/
jnci/82.24.1890]
Fidler IJ, Wilmanns C, Staroselsky A, Radinsky R, Dong Z, Fan
D. Modulation of tumor cell response to chemotherapy by the organ
environment. Cancer Metastasis Rev 1994; 13: 209-222 [PMID:
7923551 DOI: 10.1007/BF00689637]
Dalton WS. The tumor microenvironment as a determinant of drug
response and resistance. Drug Resist Updat 1999; 2: 285-288 [PMID:
11504502 DOI: 10.1054/drup.1999.0097]
Tarin D. Erratum to: Clinical and Biological Implications of the
Tumor Microenvironment. Cancer Microenviron 2012; 5: 113 [DOI:
10.1007/s12307-012-0112-0]
P- Reviewer: Akar E S- Editor: Yu J L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

11776

November 7, 2015|Volume 21|Issue 41|

World J Gastroenterol 2015 November 7; 21(41): 11777-11792
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i41.11777

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2015 Advances in Colorectal Cancer

Pathophysiological mechanisms of death resistance in
colorectal carcinoma
Ching-Ying Huang, Linda Chia-Hui Yu
Ching-Ying Huang, Linda Chia-Hui Yu, Graduate Institute of
Physiology, National Taiwan University College of Medicine,
Taipei 100, Taiwan
Author contributions: All the authors contributed to this
manuscript.
Supported by Ministry of Science and Technology, MOST
103-2811-B-002 -060 and MOST 102-2628-B-002-009-MY3;
and National Taiwan University, No. NTU-CDP-104R7798.
Conflict-of-interest statement: The authors have no conflicts
of interest to declare.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Linda Chia-Hui Yu, PhD, Associate
Professor, Graduate Institute of Physiology, National Taiwan
University College of Medicine, Suite 1020, 1 Jen-Ai Rd. Sec. I,
Taipei 100, Taiwan. lchyu@ntu.edu.tw
Telephone: +886-2-23123456-88237
Fax: +886-2-23964350
Received: April 28, 2015
Peer-review started: May 7, 2015
First decision: June 2, 2015
Revised: June 18, 2015
Accepted: August 31, 2015
Article in press: August 31, 2015
Published online: November 7, 2015

Key words: Colon cancer; Tumorigenesis; Anti-apoptosis;
Chemoresistance; Anti-necroptosis; Cytoprotection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
Colon cancers develop adaptive mechanisms to survive
under extreme conditions and display hallmarks of
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unlimited proliferation and resistance to cell death. The
deregulation of cell death is a key factor that contri
butes to chemoresistance in tumors. In a physiological
context, balance between cell proliferation and death,
and protection against cell damage are fundamental
processes for maintaining gut epithelial homeostasis.
The mechanisms underlying anti-death cytoprotection
and tumor resistance often bear common pathways, and
although distinguishing them would be a challenge, it
would also provide an opportunity to develop advanced
anti-cancer therapeutics. This review will outline cell death
pathways (i.e. , apoptosis, necrosis, and necroptosis),
and discuss cytoprotective strategies in normal intestinal
epithelium and death resistance mechanisms of colon
tumor. In colorectal cancers, the intracellular mechanisms
of death resistance include the direct alteration of
apoptotic and necroptotic machinery and the upstream
events modulating death effectors such as tumor
suppressor gene inactivation and pro-survival signaling
pathways. The autocrine, paracrine and exogenous factors
within a tumor microenvironment can also instigate
resistance against apoptotic and necroptotic cell death
in colon cancers through changes in receptor signaling
or transporter uptake. The roles of cyclooxygenase-2/
prostaglandin E2, growth factors, glucose, and bacterial
lipopolysaccharides in colorectal cancer will be highlighted.
Targeting anti-death pathways in the colon cancer tissue
might be a promising approach outside of anti-proliferation
and anti-angiogenesis strategies for developing novel
drugs to treat refractory tumors.

Core tip: The mechanisms underlying anti-death
cytoprotection and tumor resistance bear common
pathways, and although distinguishing them would
be a challenge, it would also provide an opportunity
to develop advanced anti-cancer therapeutics. Auto
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crine, paracrine and exogenous factors within a
tumor microenvironment may instigate apoptotic and
necroptotic resistance in colon cancers. The roles of
cyclooxygenase-2/prostaglandin E2, growth factors,
glucose, and bacterial lipopolysaccharide will be
highlighted. Targeting death resistance pathways in
colon cancer tissue might be a promising approach
outside of anti-proliferation and anti-angiogenesis
strategies for developing novel drugs to treat refractory
tumors.
Huang CY, Yu LCH. Pathophysiological mechanisms of death
resistance in colorectal carcinoma. World J Gastroenterol 2015;
21(41): 11777-11792 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i41/11777.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i41.11777

INTRODUCTION
Colorectal carcinomas of epithelial origin are charac
terized by unlimited cell replication, death resistance,
[1]
and metastasis . In comparison to normal epithelial
cells, cancer cells acquire the ability to avoid physio
logical cell turnover and exhibit an imbalance between
renewal and demise, resulting in rapid expansion
of tumor mass. It is believed that malignant cells
develop adaptive mechanisms for surviving under the
extreme conditions of tumor microenvironment, such
as restricted oxygen supply and nutrient deprivation.
The reprogramming of cancer cells not only contributes
to their ability to hyperproliferate but also confers
resistance to cell death against endogenous stress and
[2]
exogenously applied cytotoxic drugs . This review will
outline pathways of cell death and discuss how cancer
cells manipulate cytoprotective mechanisms to evade it.

MODES OF CELL DEATH
Various types of cell death, i.e., apoptosis, necrosis,
and necroptosis, was found in cancer tissues under
[3]
metabolic stress or cytotoxic stimuli . The signaling
pathways of apoptosis and necroptosis will be dis
cussed in the following sections. Although stress
stimuli may also induce autophagy which is a catabolic
process to remove protein aggregates and damaged
[4]
organelles for recycling , this process is not described
in the manuscript here since it may lead to either cell
survival or apoptotic death.

Apoptosis

Apoptosis is a type of programmed cell death that is
characterized by morphological and ultrastructural
changes, including cell shrinkage, membrane blebbing,
mitochondrial swelling, and chromatin condensation.
Apoptosis may either be initiated extrinsically via
death receptors such as tumor necrosis factor (TNF)
receptor and Fas, or intrinsically via mitochondria-
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[5]

dependent pathways (Figure 1). Moreover, anoikis,
which is a form of detachment-induced apoptosis, has
been demonstrated to occur in epithelial cells, as they
normally require anchorage to basement membranes
[6]
to establish a monolayer .
In the extrinsic apoptotic pathway, the recruitment
of cytoplasmic molecules to receptors is initiated
following the binding of TNFα or FasL. Docking mo
lecules, including TNF receptor-associated death
domain (TRADD), Fas-associated death domain
(FADD), procaspase-8/FLICE/MACH, and receptorinteracting protein kinase (RIPK)-1, are recruited to
receptor-associated lipid rafts to form a complex that
facilitates the cleavage and activation of caspase-8[7,8].
The intrinsic apoptotic pathway occurs following
endogenous stress and is associated with a drop in
mitochondrial membrane potential. This pathway
is regulated by the formation of a mitochondrial
permeability transition pore (MPTP), which is composed
of Bcl-2 family members and voltage-dependent anion
[5,9]
channels on the outer mitochondrial membrane .
The ratio of Bcl-2 family proteins (i.e., anti-apoptotic
Bcl-2 and Bcl-XL and pro-apoptotic Bax, Bad, Bak, Bid,
Bim, and PUMA) is a key factor in determining the
conformation of MPTP. Among the Bcl-2 members,
Bid can be cleaved by caspase-8 and migrate to the
mitochondria in its truncated form tBid to associate
with Bax to increase membrane permeability. The drop
of mitochondrial membrane potential leads to osmotic
swelling of the matrix by water influx and release of
cytochrome c from mitochondrial intramembranous
space into the cytoplasm, followed by its complex
formation with procaspase-9 and APAF-1. The ac
tivation of caspase-9 and/or -8 leads to caspase-3
cleavage, endonuclease activation, and ultimately
nuclear DNA fragmentation, which is the hallmark of
[5,9]
apoptosis
(Figure 1).
Regulatory proteins, such as FLICE-Like Inhibitory
Proteins (FLIPs), inhibit the extrinsic apoptotic pathway
by binding to FADD and causing dissociation of the
FADD-caspase 8 complex. Additionally, families of
inhibitor of apoptosis protein (IAP), including XIAP,
cIAP, and survivin, bind to caspase-3 and -9 and
thereby inhibit caspase activity. Moreover, XIAPassociated factor 1 (XAF1) negatively regulates the
[5,9,10]
anti-apoptotic function of XIAP
.

Necrosis

Necrosis is traditionally known as an uncontrolled form
of cell death, characterized by morphological features
of mitochondrial swelling, cytoplasmic vacuolation,
cytosol density loss, and plasma membrane rupture.
The resultant release of subcellular organelles and
molecules is considered a potent trigger for tissue
[11]
inflammation .

Necroptosis

A novel form of programmed necrosis, termed
necroptosis, has been recently identified. In this pro
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Figure 1 Death resistance signaling in cancer cells. Programmed cell death (i.e., apoptosis and necroptosis) are either triggered extrinsically by cytotoxic stimuli
through death receptors, or initiated intrinsically via mitochondria dysfunction caused by metabolic and hypoxic stress. In the extrinsic apoptotic pathway, tumor
necrosis factor (TNF) or Fas binding to the receptors trigger the recruitment of adaptor molecules to form a death-inducing signaling complex which contains TNF
receptor-associated death domain (TRADD), Fas-associated death domain (FADD), procaspase 8/FLICE, and receptor-interacting protein kinase 1 (RIPK1) to
facilitate the activation of caspase 8. Caspase 8 then cleaves and activates caspase 3 (the final caspase in the apoptotic pathways), and it also truncates Bid and
RIPK1. The intrinsic apoptotic pathway is associated with mitochondrial dysfunction. The ratio of Bcl-2 superfamily proteins, including anti-apoptotic Bcl-XL and Bcl-2,
and pro-apoptotic Bad, Bid, Bax, Bim and PUMA, determines the formation of the mitochondrial permeability transition pore. The truncated form tBid cleaved by
caspase-8 can migrate to the mitochondria to associate with Bax to increase membrane permeability. The drop of mitochondrial transmembrane potential leads to
osmotic swelling and release of cytochrome c to complex with Apaf-1 and procaspase 9 which undergo cleavage into the active form of caspase 9. Caspase 9 and/or
caspase-8 activates caspase-3, and ultimately leads to nuclear DNA fragmentation. Moreover, FLICE-like proteins (FLIP) and inhibitors to apoptosis proteins (IAPs),
including cIAP, survivin and XIAP, provide a brake on the apoptotic cascade. In cancers, signaling pathways such as PI3K/Akt, MEK/ERK, IKK/IκB/NFκB and HIF
regulate apoptosis by modulating Bcl-2 members and altering expression of FLIP and IAPs. In the extrinsic necroptotic pathway, stimulus of TNFα in the presence of
a caspase inhibitor frees RIPK1 to form a complex with RIPK3 for auto- and trans-phosphorylation, which then recruits and phosphorylates MLKL. The RIPK1/RIPK3/
MLKL complex causes mitochondrial dysfunction and executes subcellular features of necroptosis, such as lysosomal membrane degradation, cytosol vacuolation,
plasma membrane disintegration, and ultimately cellular explosion. In the intrinsic necroptotic pathway, metabolic and hypoxic stress induces the mitochondrial
production of reactive oxygen species (ROS) such as superoxide, which subsequently leads to RIPK1/3 activation and the final steps of necroptosis. However,
signaling pathways to regulate necroptosis has not yet been reported.

cess, signaling pathways involving RIPK1/RIPK3mediated phosphorylation activate the mixed lineage
kinase domain-like protein (MLKL) to execute the final
[11]
step of cell destruction
(Figure 1). The best defined
necroptosis pathway was elucidated following the
stimulation of cells with TNFα in the presence of ZVAD
[11,12]
(a pan-caspase inhibitor)
. This observation has
led to the development of a preliminary hypothesis
that necroptosis may be a default mechanism for cells
[12,13]
that are unable to die via apoptosis
. However,
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with increasing evidence of instances of necroptotic
death occurring following various stimuli (e.g., oxygen
and glucose deprivation, extensive DNA damage,
hyperactivation of Poly(ADP-ribose)polymerase -1
(PARP), and free radical exposure), it is now clear
that RIPK1/3-dependent necrosis is an independent
mode of cell death that shares common pathways with
[14,15]
apoptosis
.
Early studies of necroptotic pathways by activating
TNF receptor in the presence of caspase inhibition
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demonstrated that the adapter molecules FADD and
TRADD recruited RIPK1, which subsequently undergo
a series of ubiquitination and deubiquitination events
before RIPK1 forming a complex with RIPK3 and MLKL
[16]
in the cytosol for auto- or trans-phosphorylation .
The RIPK1/RIPK3/MLKL kinase complex has been
proposed to mediate necrotic death via the induction of
[16]
mitochondrial dysfunction . Additionally, mitochondriaderived free radical production and lysosomal mem
brane disintegration have been reported to be facets of
[17]
necroptotic machinery . Free radical scavengers that
suppress mitochondrial reactive oxygen species (ROS)
were shown to inhibit the execution of necroptotic death
induced by TNF and hypoxic stress, but had no effect
[18,19]
to necroptosis induced by PARP
. Other reports
revealed that hypoxia-induced mitochondrial ROS was
upstream of RIPK1/RIPK3 activation in the necroptotic
[19]
signaling pathway . The order of intracellular events
leading up to plasma membrane explosion and intra
cellular content spilling may vary depending on trigger
[17-19]
type
. Overall, it is currently recognized that two
modes of cell death are driven by RIPK1 through its
kinase function, including apoptosis via its formation
of a complex with caspase-8/FADD/TRADD and
necroptosis via its formation of a complex with RIPK3/
MLKL (Figure 1).

APOPTOSIS IN NORMAL COLON AND
COLORECTAL CANCERS
Physiological cell turnover in intestine

The intestinal epithelial monolayer is maintained in a
state of dynamic equilibrium that is governed by the
balance between crypt proliferation and surface/villus
shedding and cell death. Newly proliferated cells that
are derived from stem cells in the crypts migrate
upward and differentiate into various cell types
(e.g., absorptive and secretive epithelial cells, goblet
cells, and endocrine cells); the cells then undergo
detachment and apoptosis at an “extrusion zone” on
[20,21]
the luminal surface with a turnover rate of 5-7 d
.
Epithelial integrity and intestinal homeostasis are
tightly controlled by the balancing of two physiological
processes, namely cell proliferation and death.

Inverse correlation between epithelial apoptosis and
colon tumor susceptibility

Progressive inhibition of cell apoptosis has been
associated with the transformation of normal colorectal
[22]
epithelium into carcinoma . Direct evidence of an
inverse correlation between epithelial cell death and
tumor susceptibility has been provided in recent
studies. Mice that were deficient in pro-apoptotic
molecules (e.g., Bak and Fas) displayed a higher
incidence and higher numbers of aberrant crypt foci
and colorectal tumors following induction with the
carcinogen azoxymethane (AOM) or AOM/dextran
[23,24]
sulfate sodium (DSS)
. Although a lack of Bak or
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Fas did not affect physiological apoptosis in colon cells,
a decreased level of epithelial cell death was observed
following exposure to pro-apoptotic triggers (e.g.,
[23,24]
gamma-radiation and genotoxic carcinogens)
.
Moreover, PUMA-knockout mice exhibited reduced
apoptosis in colonic crypts and increased colonic
tumor susceptibility following an AOM/DSS challenge.
A deficiency of PUMA enhanced the formation of
spontaneous adenomas in the distal small intestines
[25]
and colons of APC(Min/+) mice . These studies
indicate that cells that are unable to undergo apoptosis
partly contribute to cancer progression.

ANTI-DEATH CYTOPROTECTIVE
STRATEGIES IN NORMAL INTESTINE
Surface epithelial layers are constantly bombarded
by orally acquired harmful substances and luminal
bacteria, and are also exposed to potentially hypoxic
conditions due to their location at the end of a capillary
circuit that interfaces with an anaerobic lumen. When
exposed to intrinsic stress or external stimuli, a normal
epithelium exhibits excessive cell death (i.e., apoptosis,
necrosis and necroptosis) and display barrier defects.
However, cytoprotective strategies against cell death
also exist to maintain gut homeostasis.
The cellular survival strategies include uptake
of glucose and glutamine, free radical scavenging,
transcriptional adaptation, and paracrine effects induced
by cyclooxygenase (COX)-2/prostaglandin E2 (PGE2).
In the following sections of this work, several facets of
anti-death cytoprotective strategies that share common
pathways to tumor resistance will be discussed.
Understanding the similarity between epithelial cyto
protection and cancer resistance would help to identify
distinct mechanisms undertaken by tumor cells for the
search of advanced therapeutic targets.
One of the unique characteristic of the intestinal
tract is that it possesses dual routes of nutrient
supply, including hematologic and dietary sources. In
small intestinal epithelium, apical glucose uptake is
mediated by sodium-dependent glucose transporter
1 (SGLT1), while glucose transporter 2 (GLUT2)
facilitates diffusive transport of intracellular glucose
across the basolateral membrane and into the
[26]
bloodstream . Large intestinal epithelium normally
expressed GLUT5 and GLUT6, but not the other glucose
[27]
transporters . We and others have previously shown
that enhanced glucose uptake via SGLT1 can protect
intestinal epithelial cells against various pro-apoptotic
triggers, such as mesenteric ischemia/reperfusion,
[28-31]
microbial challenges, and endotoxemia
. Energy
production has been generally assumed as the main
cytoprotective mechanism of glucose uptake; however,
alternative pathways of SGLT1-mediated activation
of phosphatidylinositide 3-kinase (PI3K)/Akt and
nuclear factor kappa B (NFκB) pathways also partially
[28,31]
contributes to cytoprotection
. Other than glucose,

11780

November 7, 2015|Volume 21|Issue 41|

Huang CY et al . Anti-apoptosis and anti-necroptosis in cancer
glutamine (a non-essential amino acid) is important
for cell survival during conditions of stress. Glutamine
can prevent epithelial cell apoptosis caused by hypoxia/
reoxygenation, oxidants, endotoxins, heat stress, and
[32-36]
TNFα
. The inhibition of gut epithelial cell apoptosis
by glutamine is mediated through upregulation of
autophagy and increased transcription of heat shock
[34,35,37]
proteins
.
Redox enzymes, including catalase (CAT), super
oxide dismutase (SOD), glutathione reductase, and
glutathione-S-transferase, suppress intracellular
accumulation of free radicals. An intracellular redox
system converts highly reactive free radicals, such as
superoxide, hydrogen peroxide, and hydroxyl radical,
into lower energy molecules. Intravenous injections of
CAT and SOD have been shown to decrease intestinal
inflammation and epithelial barrier dysfunction in animal
[38-40]
models of mesenteric ischemia/reperfusion injury
.
Hypoxia-inducible factor (HIF) is a transcription
factor that is activated in epithelial cells under the low
[41,42]
oxygen conditions of ischemic or inflamed gut
.
The HIF family includes three proteins: HIF-1, HIF-2,
and HIF-3. Activation of HIF is dependent on the
stabilization of the oxygen-sensitive α subunit, which
is subsequently translocated to the nucleus to form a
functional complex with the β subunit and various other
[43]
coactivators . HIF-1α/2α forms a dimeric complex
with HIF-1β, and triggers transcription by binding to the
hypoxia response element of various gene promoter
[44,45]
regions
. Under normoxic conditions, the hydroxyl
hydroxylase (PHD)-mediated hydroxylation of proline
residues on HIF-1α/2α leads to its ubiquitination and
degradation. Low oxygen levels have been shown
to result in a downregulation of PHD activity and to
[43]
stabilize HIF-1α/2α levels . HIF-1 activation has been
implicated in maintaining epithelial barrier protection in
models of intestinal ischemia/reperfusion, experimental
colitis with inflammatory hypoxia, and in mouse ileal
[41,42,46-48]
loops after exposure to bacterial toxins
.
Cyclooxygenase (COX)-2, a catalyzing enzyme
for PGE2 production, is involved in increased vascular
permeability and blood flow during inflammation and
wound healing. COX-2 also protects against colonic
epithelial damage in animal models of chemical-induced
[49,50]
colitis
. Oral supplementation of PGE2 increased
proliferation and reduced apoptosis of intestinal
[49]
epithelium in mice with colitis . Moreover, PGE2
increased c-IAP2 expression in normal rat epithelial
[51]
cells .
The detailed anti-death signaling pathways have
primarily been delineated from observations made
in adenocarcinoma cell line studies, and they will be
discussed in the context of cancer cell death resistance
in the next section.

INTRACELLULAR MECHANISMS OF
DEATH RESISTANCE IN CANCERS
Death and anti-death signaling in cancer cells has been
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extensively studied in the context of cell survival against
exogenously applied cytotoxic drugs. Substantial efforts
have also been made to uncover the pathways that
lead to cancer cell death and survival under conditions
of endogenous metabolic stress, with the goal of
learning how to therapeutically manipulate tumorspecific machinery to produce anti-cancer effects. We
will highlight the mechanisms of death resistance in
cancer cells against exogenous or endogenous stress.
These intracellular pathways include direct alteration of
death machinery and modulation of upstream events
such as tumor suppressor gene inactivation and prosurvival signaling. For additional discussion of drugrelated resistance mechanisms, such as efflux pumps
and enzymatic degradation, please see other review
[52,53]
articles
.

Direct alteration of apoptotic and necroptotic regulators
in cancer

Defects in apoptotic signaling and increased use of antiapoptotic pathways have been reported in colon cancer
cells. Key regulatory proteins of apoptotic machinery,
such as families of Bcl-2 and IAP, undergo changes
in expression during the transition of an adenoma
into a carcinoma and have therefore been utilized
[54,55]
as prognostic biomarkers
. An overexpression of
the anti-apoptotic Bcl-2 family member Bcl-XL is a
known predictor of poor prognoses in patients with
[56]
colonic adenocarcinomas . Increased expression
levels of anti-apoptotic regulators such as c-FLIP, XIAP,
cIAP2, and survivin have also been correlated with
disease progression and poor survival in colon cancer
[57-61]
patients
. A recent report indicated that expression
levels of the necroptotic adaptors RIPK1 and RIPK3 are
significantly decreased in human colon cancer tissues
[62]
compared to adjacent normal mucosa . Overall, an
increase of anti-apoptotic molecules and a decrease
in pro-necroptotic kinases are both likely to contribute
to death resistance in cancer cells (Table 1). The
resistance mechanisms that occur upstream of the
alteration of apoptotic regulators are further discussed
below.

Inactivation of tumor suppressor genes to prevent
apoptosis in cancer

Mutations in oncogenes (RAS and β-catenin) and tumor
suppressor genes (p53 and APC) have been identified
[63]
to arise throughout the course of tumorigenesis .
The intriguing field of oncogene mutation and cell
[64]
hyperproliferation has been reviewed comprehensively
and will not be discussed here. Instead, cancer cell
death resistance that is imparted by mutation of the
p53 tumor suppressor gene and the resultant functional
consequences of this resistance will be the focus of this
section.
Mutations in the p53 gene occur in half of all co
lorectal cancer cases and have been correlated with
adenoma-to-carcinoma transitions and aggressive
[65,66]
subsets of colorectal cancer
. Tumor cells harboring
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Table 1 Alteration of apoptotic and necroptotic regulators in
human colon cancers

Table 2 Signaling pathways for modulation of apoptotic
regulators in cancer

Classification

Molecule

Expression in
cancer tissues

Ref.

Pathway

Bcl-2 family
IAP family

Bcl-XL
cFLIP
cIAP2
survivin
XIAP
RIPK1/RIPK3

Increased
Increased
Increased
Increased
Increased
Decreased

[56]
[57]
[59,60]
[55,61]
[58]
[62]

RIP kinase family

p53 mutations have long been known to be defective
[67]
in the induction of apoptosis . In addition to its proapoptotic role, it has become evident that p53 acts as
a multifunctional transcription factor and is involved in
physiological cellular responses to stressful stimuli (e.g.,
DNA damage and hypoxia), surveillance mechanisms
that cause cell cycle arrest following cellular damage
or oncogenic aberration, and regulation of metabolic
pathways for a switch from glycolysis to oxidative
[68,69]
phosphorylation
. The molecular mechanisms
that are employed by p53 to induce cell death in the
context of suppressing cancer progression include
the transcriptional regulation of pro-apoptotic PUMA
expression, the generation of oxidative free radicals
within mitochondrial components, the reduction of
COX-2/PGE2 synthesis, and the induction of death
[70-73]
receptor 5
.

A number of signaling molecules and transcription
factors are involved in the dysregulation of death ma
chinery in cancer cells (Figure 1). These include the
PI3K/Akt, mitogen-activated protein kinase kinase
(MEK)/extracellular signal-regulated kinase (ERK), IκB
kinase (IKK)/inhibitor of NFκB (IκB)/NFκB, and HIF
signaling pathways (Table 2).
Studies on colon cancer cell lines have shown that
an upregulation of PI3K/Akt protein kinases has been
associated with increased expression of anti-apoptotic
[74,75]
Bcl-2 proteins (e.g., Bcl-2, Bcl-XL, and survivin)
,
phosphorylation and inactivation of pro-apoptotic Bad
[76-78]
[79]
and Bax
, and activation of XIAP . In colon cancer
and epithelial cells, the MEK/ERK signaling pathway
mediates the phosphorylation and stabilization of
[80]
Bcl-2 , the inactivation of Bax and the degradation
[78,81]
[73]
of Bim
, the suppression of PUMA induction , the
downregulation of XAF1 and the upregulation of XIAP
[82]
expression .
The activation of the IKK/IκB/NFκB pathway,
which serves as a putative proinflammatory signal,
has been linked with anti-apoptotic effects in normal
colonocytes and colon cancers alike. The activation
of the IκB kinase complex (IKKα/β/γ) leads to the
phosphorylation of NFκB-bound IκB and causes
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Ref.

PI3K/Akt

Increase of Bcl-2, Bcl-XL and survivin expression [74,75]
in colon cancer cell lines (SW480, SW620, HCT116,
and HT29)
Inactivation of BAD by phosphorylation in colon [76,77]
cancer cell lines (HT29 and H508)
Decreased expression of Bim and inactivation of
[78]
Bax in colon cancer cell lines (HCT116 and DLD1),
and increase of tumor growth in xenograft models
MEK/ERK Phosphorylation and stabilization of Bcl-2 in colon [80]
cancer cell lines (HCT116 and HT29) for increase of
anoikis, and promotion of metastasis in xenograft
models
Decreased expression of Bim and inactivation of
[78]
Bax in colon cancer cell lines (HCT116 and DLD1),
and increase of tumor growth in xenograft models
Suppression of PUMA expression and activity in
[73]
colon cancer cell lines (Lovo and SW1116)
Dowregulation of XAF1 and upregulation of XIAP [82]
in colon cancer cell lines (HCT116, Lovo, DLD1,
and SW1116)
IKK/IκB/ Induction of cIAP-2 expression in colon cancer cell [91]
NFκB
lines (Caco-2, HCT116, KM20, and KM12C)
Increase of Bcl-2, Bcl-XL, and cFLIP in colon cancer [92]
cell lines (COLO205 and HCT116)
HIF
Binding to hypoxia-responsive element of the Bid [94]
promoter in colon cancer cells (SW480) for Bid
downregulation
Binding to hypoxia-responsive element of the
[93]
survivin promoter in breast cancer cells (MCF-7)
for survivin upregulation

IAP: Inhibitor of apoptosis protein; FLIP: FLICE-like inhibitory protein;
XIAP: X-linked IAP; RIP: Receptor-interacting protein.

Signaling pathways that modulate apoptotic regulators
in cancer

Observation in experimental models

PI3K: Phosphatidylinositide 3-kinase; MEK: Mitogen-activated protein
kinase kinase; ERK: Extracellular signal-regulated kinase; NFκB: Nuclear
factor kappa B; IκB: Inhibitor of NFκB; IKK: IκB kinase; HIF: Hypoxiainducible factor.

IκB to undergo ubiquitin-dependent degradation,
enabling the liberated NFκB to translocate to the cell
[83]
nucleus and act as a transcription factor . Unlike
other subunits in the complex, IKKα can shuttle
between the nucleus and cytoplasm to facilitate
[84]
NFκB-regulated gene expression . An elegant study
indicated that either epithelial-specific ablation of
IKKγ (also called NEMO) or a deficiency of both IKKα
and IKKβ can lead to increased levels of apoptosis
[85]
in mouse colonocytes . Using carcinogen-induced
colon cancer models, epithelial-specific IKKβ-KO
mice were shown to exhibit increased colonic cell
apoptosis associated with a reduction of tumor
[86]
growth compared to wild type mice . Numerous
studies of colonic, gastric and esophageal cancer cell
lines have demonstrated that blocking NFκB-induced
apoptosis under baseline conditions sensitizes cells
[87-89]
to treatment with 5-fluorouricil (5-FU)
. The un
derlying mechanisms of this phenomenon included
IKKα-mediated phosphorylation of CREB binding
protein (a transcriptional coactivator), which induced
a switch in binding preference from p53 to NFκB and
led to a concurrent upregulation of NFκB-dependent
anti-apoptotic genes, and the downregulation of p53-
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[90]

mediated pro-apoptotic genes . Moreover, in colon
cancer cells, the transcriptional targets of NFκB include
the anti-apoptotic regulators Bcl-2, Bcl-XL, cFLIP and
[91,92]
IAP
.
HIF is upregulated in the hypoxic core of rapidly
growing solid tumors and is therefore considered a
[45]
biomarker of poor prognosis in colon cancer patients .
HIF-1 targets promoter sites of apoptotic regulators
such as survivin and Bid, and directly modulates cell
[93,94]
death pathways
. Other HIF-1-targeted genes
[47]
[95]
included trefoil factor , COX-2 , glucose metabolic
enzymes [e.g., hexokinase (HK), glyceraldehyde-3phosphate dehydrogenase (GAPDH), pyruvate kinase
(PK), pyruvate dehydrogenase kinase (PDK)], and
[45,96,97]
glucose transporters (e.g., GLUT-1 and -3)
. HIF1α also directly activates promoter regions of various
growth factors and receptors, including vascular
endothelial growth factor (VEGF), c-Met [a receptor for
[98-100]
hepatocyte growth factor (HGF)], HGF activator
.
Moreover, several reports have shown that HIF-2α
increases transcriptional and translational expression
of amphiregulin [a member of the epidermal growth
factor (EGF) family] and EGF receptor (EGFR), and
favors autocrine growth signaling in various types of
[101-103]
cancer
.

TUMOR MICROENVIRONMENT CAUSES
DEATH RESISTANCE IN COLON CANCER
Autocrine, paracrine and exogenous factors in tumor
microenvironments also instigate resistance against
apoptotic and necroptotic cell death in colon cancers
via changes in receptor signaling and transporter
uptake (Figure 2). The roles of COX-2/PGE2, growth
factors, glucose, and bacterial LPS are highlighted
below.

COX-2/PGE2-mediated apoptotic resistance in cancer

Increased expression of COX-2 was observed in
colon adenocarcinoma, and is considered one of
[104,105]
the earliest events in tumor development
.
Clinical studies have provided strong evidence that
long term use of non-steroidal anti-inflammatory
[106]
drugs reduce the incidence of colon cancers
.
Various mechanisms have been proposed for the
COX-2-mediated tumor-promoting activity, including
increased blood flow, induction of growth factors,
increase of cell proliferation, or modulation of apoptotic
[51,107,108]
regulators
. COX-2/PGE2 induces synthesis of
amphiregulin and activation of EGFR signaling in colon
[107,108]
cancer cell lines
. Moreover, stimulation with
PGE2 was found to suppress Fas-induced apoptosis in
[51]
colon cancer cells via upregulation of IAP expression
(Figure 2).

Growth factor-dependent apoptotic and necroptotic
resistance in cancer

A number of growth factors have been associated

WJG|www.wjgnet.com

with death resistance in cancer, including epidermal,
hepatocyte, and insulin-like growth factors (Figure 2).
EGFR activation has long been known to induce epithelial
cell proliferation, restitution, and tumorigenesis. In
colorectal and gastric cancer cells, EGFR activation
also exerts anti-apoptotic effects that are mediated by
PI3K/Akt, ERK and IκBα/NFκB signaling, and protects
cancer cells against anoikis and enhances epithelial[109-112]
mesenchymal transition
. Moreover, both EGFR
and its downstream Akt and ERK pathways are known
to be involved in preventing apoptosis in stem-like
cell populations in serum-deprived colorectal cancer
[113]
cells
. A positive feedback loop between EGFR and
HIF signaling pathways may also contribute to the
increase of death resistance in cancer, as revealed
by evidence that EGFR activation leads to increased
expression and nuclear translocation of HIF-1α/1β
[93,95,114]
in normoxic conditions
; furthermore, HIF-2α
increases the transcript and protein expression of EGFR
[101-103]
and amphiregulin
. Recent evidence has revealed
a co-expression of EGFR and SGLT1 in human colorectal
[115,116]
and oral squamous carcinoma
. Interactions
between EGFR and SGLT1 have shown a positive
correlation with cancer cell proliferation and survival
through a mechanism that involves the stabilization
of membranous SGLT1 proteins by EGFR in a tyrosine
[117,118]
kinase-independent manner
.
Elevated expression of the HGF receptor Met has
been shown in human colorectal cancers compared
[119]
to normal mucosa
. Recently, both the autocrine
production of HGF and a positive feedback loop that
was mediated by a constant activation of the HGF
gene promoter due to microsatellite instability that
was characterized by truncations of the promoter
region were found in human colon carcinoma samples
[120]
and cell lines . Activation of HGF/Met signaling was
shown to cause a downregulation in the expression
of RIPK1 proteins, which correlated with a reduction
in the number of necroptotic regions found in colon
[120]
tumors
. Moreover, evidence of HIF-1α directly
activating the promoter regions of Met and HGF
activator (a serine protease that converts HGF to
its active form) was found in pancreatic cancer and
[99,100]
glioma cells
. Interestingly, increased activation
of Met was found to be induced in human carcinoma
Caco-2 cells following treatment with cetuximab (an
EGFR inhibitor), which served as a chemoresistance
[121]
mechanism .
Colon cancers express high levels of both insulin-like
growth factor 1 (IGF1) and its receptor compared to
normal mucosa. The overexpression of IGF1 receptors in
human colon cancer cells was found to confer resistance
to serum-deprivation induced apoptosis, which was
associated with increased activation of Akt and an
[122]
upregulation of Bcl-XL . Another report demonstrated
that inhibition of the IGF1 receptor sensitized human
colon adenocarcinoma cells to cetuximab and restored
[123]
cell death in drug-resistant cell clones .
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Figure 2 Proposed schema of death desistance mechanisms via modulation of receptor signaling and transporter uptake in colon cancer cells. A number of
autocrine, paracrine, or exogenous factors instigate death resistance in colon carcinoma. These pathways included cyclooxygenase (COX)-2/prostaglandin E2 (PGE2),
bacterial lipopolysaccharide (LPS)/Toll-like receptor 4 (TLR4), growth factors [i.e., insulin-like growth factor (IGF), epidermal growth factor (EGF), and hepatocyte growth
factor (HGF)], as well as glucose transport and metabolism. COX/PGE2 upregulates the IAP expression and activates EGF/EGFR signaling to inhibit apoptosis in colon
cancer cells. TLR4 antagonizes cell apoptosis caused by its co-receptor CD14, induces anti-apoptotic MEK/ERK and IKK/IκB/NFκB signaling, and activates COX-2
pathways in colon carcinoma. Growth factors such as IGF and EGF induce anti-apoptotic PI3K/Akt, MEK/ERK, and IKK/IκB/NFκB pathways in colon cancers. Moreover,
activation of HGF and its receptor Met renders colon cancer cells resistant to necroptosis via downregulation of RIPK1 protein expression. Alteration of transport and
metabolism of glucose (Gluc) is another survival strategy of cancer cells. Abnormally expressed sodium-dependent glucose transporter 1 (SGLT1) and GLUT1/3/4
enhance glucose uptake in colon carcinoma. Activation of SGLT1 induces PI3K/Akt and IKK/IκB/NFκB pathways in normal intestinal epithelial cells; however, their roles
in anti-death mechanisms of colon cancers remain unclear (?). Increased glycolysis and decreased mitochondria-dependent oxidative phosphorylation (OxPhos) are
commonly seen in cancer cells. The metabolic shift results from upregulated expression of glycolytic enzymes for increased (Pyr) production [e.g., hexokinase (HK),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), pyruvate kinase (PK)], and also from downregulated expression of mitochondrial pyruvate carrier (MPC) and
pyruvate dehydrogenase (PDH) that limits pyruvate conversion to Acetyl Co-A (Ac-CoA). The metabolic shift and predominantly glycolytic ATP generation are adaptive
responses to hypoxic stress and promotes cancer cell survival. The final glycolytic product pyruvate, which is also a free radical scavenger, prevents hypoxia-induced
necroptotic death in colon cancer cells via suppression of mitochondrial ROS. Hypoxia acts a stressor but also a death regulator by HIF-dependent transcription of a
number of genes, including glucose metabolic enzymes [e.g., HK, GAPDH, PK, and pyruvate dehydrogenase kinase (PDK)], glucose transporters (e.g., GLUT-1 and
GLUT-3), and growth factors [e.g., EGF and vascular endothelial growth factors (VEGF)]. Other HIF-targeted genes, e.g., EGFR, cMet, and HGF activator (HGFA), were
reported on non-intestinal cancer cells (*), and may also contribute to the death resistance mechanisms. Lastly, EGF activates HIF signaling in normoxic conditions,
leading to a positive feedback loop of adaptation fueling anti-death and pro-proliferative cancer growth.

Glucose-dependent apoptotic and necroptotic
resistance in cancer

Increased glucose dependency and altered glucose
metabolism are associated with cancer cell transfor
mation (Table 3). In normal cells, one glucose molecule
is catalyzed into two ATPs and two pyruvate molecules
in an anaerobic fashion by a cascade of glycolytic
[124]
enzymes, including HK, GAPDH, and PK
. The final
glycolytic product, pyruvate, is transported across the
inner mitochondrial membrane (IMM) by mitochondrial
pyruvate carrier (MPC) and is then converted to acetylCoA by pyruvate dehydrogenase (PDH) before entering
into the tricarboxylic acid (TCA) cycle that occurs in
[125,126]
the mitochondrial matrix
. A reduced substrate
is generated by the TCA cycle and is then fed into
the electron transport chain of the IMM, after which
oxidative phosphorylation leads to the production of 36
ATPs. In contrast to normal cells, tumors exhibit high
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levels of glycolysis despite the presence of sufficient
oxygen, which is a phenomenon known as the Warburg
[127]
effect .
The abnormal expression of the GLUT isoforms
1, 3, and 4 and the SGLT1 protein have been widely
documented in studies of human colon cancer sam
[27,115,116,128-130]
ples
. A large body of evidence indicates
that the upregulation of GLUT1 and several glycolytic
enzymes is dependent on the transcriptional activity of
HIF-1 in both human colon cancer tissues and drug[96,131-133]
resistant cancer cell lines
. Recent studies have
indicated that the stabilization of membrane SGLT1
expression in colon cancer cells is dependent on EGFR
[117,134]
activation
, suggesting that this pro-proliferative
and anti-apoptotic growth factor is also involved in the
mechanism that underlies enhanced glucose uptake
(Figure 2).
Changes in glucose uptake and metabolism have
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Table 3 Glucose-dependent mechanisms in death resistance of colon cancer
Classification
Glucose uptake
Transporters

Molecule
GLUT1

GLUT3,4
SGLT1

Glucose metabolism
Enzymes

Carriers
Products

PK
PDK-1
PDK-3
HK,
GAPDH
PDH
MPC
ATP
Pyruvate

Expression and mechanism

Ref.

Abnormal expression of GLUT1 in colon cancer
Hypoxia-induced expression of GLUT1 by HIF-1 binding to the GLUT1 promoter
GLUT1-mediated glucose uptake promoted drug resistance in colon cancer cells
Abnormal expression of GLUT3,4 in colon cancer
Abnormal expression of SGLT1 in colon cancer
Stabilization of membrane SGLT1 expression is dependent on EGFR in a kinase-independent
mechanism
Upregulation of PKM2 isoform in chemoresistant cancer cells
PDK-1 as a novel Wnt target gene improved colon cancer cell survival via enhancement of glycolysis
HIF1-mediated upregulation of PDK-3 inhibited mitochondrial phosphorylation and promoted drug
resistance
HIF1-dependent transcriptional upregulation
Decreased expression in colon cancer cells
Reduction of MPC activity promoted glycolysis and maintenance of stemness properties
Elevation of intracellular ATP promoted cancer cell survival and induced drug resistance
Pyruvate prevented hypoxia-induced necroptosis through suppression of mitochondrial free radicals
in an ATP-independent mechanism

[128,129]
[96,131,132]
[136]
[19,27,130]
[27,115]
[117,134]

[132]
[142]
[143]
[45,96]
[141]
[144]
[145,146]
[19]

GLUT: Glucose transporter; SGLT1: Sodium-dependent glucose transporter 1; EGFR: Epidermal growth factor receptor; PK: Pyruvate kinase; PDK:
Pyruvate dehydrogenase kinase; HK: Hexokinase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PK: Pyruvate kinase; PDH: Pyruvate
dehydrogenase; MPC: Mitochondrial pyruvate carrier.

been suggested to provide a survival advantage to
tumor cells and also to contribute to anti-cancer drug
resistance. A previous report has shown that high
glucose levels can modulate the cytotoxicity and
anti-proliferative effects of 5-FU in colon cancer cell
[135]
lines
. The in vitro inhibition of GLUT1-mediated
glucose uptake by phloretin was found to sensitize
colon cancer cells to overcome apoptotic resistance
[136]
to daunorubicin under conditions of hypoxia
.
The modulation of glucose metabolic pathways by
chemicals (e.g., 3-bromopyruvate, iodoacetate,
dichloroacetate, or 2-deoxyglucose) was found to
attenuate 5-FU resistance in colonic and gastric cancer
[137-139]
cells
. Recent studies have indicated that high
levels of intracellular glucose lead to an increased
side population (SP) of stem-like cells within the
overall cancer cell population; these cells exhibit high
glycolytic activity and drug export ability, and are most
[140]
resistant to cell death . The underlying mechanism
of SP cell expansion involves glucose-mediated
suppression of AMP-activated protein kinase and an
[140]
activation of Akt signaling .
PK is the final rate-limiting enzyme in the gly
colytic pathway, and it catalyzes the conversion of
phosphoenolpyruvate and ADP into pyruvate and
ATP. PDH, which converts pyruvate into acetyl-CoA,
can be phosphorylated and inactivated by PDK in
physiological conditions. The PK isoform M2 (PKM2) is
significantly upregulated in 5-FU-resistant colon cancer
[132]
cell lines
. Moreover, decreased expression of PDH
[141]
was reported in colorectal cancer cells
. A recent
study has identified that PDK-1 is a novel Wnt target
gene that can promote glycolysis and colon cancer
[142]
cell survival
. Hypoxia-induced PDK-3 expression
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via the activation of HIF-1 has been shown to lead to
an inhibition of mitochondrial phosphorylation and the
[143]
promotion of drug resistance
. Additional research
has indicated that reduced MPC activity promotes
glycolysis and the maintenance of stemness in colon
[144]
cancer cells .
ATP has generally been assumed to be the effector
of glucose metabolism that promotes cancer growth,
survival, and chemoresistance. A number of studies
have shown that depleting ATP via glycolytic inhibition
increases apoptosis in multidrug- resistant cancer cells
[145,146]
under both normoxic and hypoxic conditions
.
Moreover, direct delivery of liposome-encapsulated
ATPs was found to be sufficient for promoting survival
and inducing resistance to oxaliplatin in formerly drug[146]
sensitive colon cancer cells . Whether ATP-dependent
chemoresistance is a result of cell hyperproliferation
or the induction of anti-death mechanisms remains
unknown.
It is notable that an energy-independent mechanism
is also involved in glucose-mediated death resistance in
cancer cells. Pyruvate not only serves as a link between
glycolysis and mitochondrial respiration but also acts
as a scavenger for oxidative free radicals through a
[147]
non-enzymatic reaction
. Our recent studies have
shown that pyruvate (uncoupled to ATP) plays a distinct
[19]
role in promoting cancer cell survival . Glycolytic
pyruvate prevented RIPK1/3-dependent necroptosis
caused by hypoxic stress in colon cancer cells through
[19]
the suppression of mitochondrial free radicals .
Collectively, the manipulation of glucose uptake and
metabolic pathways in conjunction with the application
of cytotoxic drugs may promote anticancer effects and
overcome chemoresistance (Figure 2).
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With an increasing body of evidence suggesting
that chemoresistance in colon cancers can be media
ted by glucose, it is notable that dietary glutamine
supplementation was shown to reduce tumor burden
by increasing apoptosis and decreasing proliferation
in the colons of mouse models that were submitted
[148]
to colitis-associated cancer induction
. Although
a glutamine-dependent chemopreventive effect on
tumorigenesis was suggested to result from its antiinflammatory activity, it remains unclear whether
glutamine metabolism by first pass in epithelial cells
(in place of glucose metabolism) may play a role in
tumor suppression. The differential roles of glucoseand glutamine-dominant metabolism in the regulation
of tumorigenesis warrant further investigation.

Bacterial LPS/Toll-like receptor 4-dependent apoptotic
resistance in cancer

The innate immune receptor Toll-like receptor 4 (TLR4)
forms a complex with CD14 and MD2 for sensing
bacterial LPS. This receptor complex was originally
identified on monocytes/macrophages and endothelial
cells that are responsible for septic shock. Given the
juxtaposition of commensal bacteria and intestinal
mucosa, it had been assumed that normal gut
epithelial cells were not equipped with LPS receptors.
However, accumulating data showed that normal
human colonocytes constitutively express CD14 in
the absence of TLR4, and a strong immunoreactivity
of CD14 and TLR4 was found in human colorectal
carcinoma tissues, indicating a link between LPS/TLR4
[149-151]
signaling and tumor formation
.
The activation of TLR4 signaling may contribute to
tumorigenesis by promoting epithelial proliferation and/
or by reducing cell death (Figure 2). In vitro studies
in colon adenocarcinoma cell lines have demonstrated
that LPS/TLR4 induced resistance to apoptosis via
NFκB and ERK signaling, without modulating the
[152,153]
rate of cell division
. Conversely, several studies
have revealed enhancement of both cell viability and
proliferation following the activation of LPS/TLR4 in
[154,155]
cancer cell lines
. Using chemically induced colitisassociated mouse cancer models, numerous studies
have shown that the genetic absence of TLR4 and its
downstream signaling molecules (i.e., MyD88 and
[86,151,156]
IKKβ) results in reduced tumor burdens
. A
TLR4-dependent hyperproliferation of colonic epithelial
cells was shown to be related to increased activation of
COX/PGE2 and EGFR signaling in the mouse models of
[49,151,157]
colon cancer
.
Recently, we demonstrated that the abnormally
upregulated TLR4 protein plays an anti-apoptotic role
against its co-receptor CD14 during the development
[158]
of colon cancer
. Stimulation with LPS induced
CD14-mediated lipid signaling and led to colonic
epithelial cell apoptosis, whereas TLR4 antagonistically
[29,158]
promoted cell survival and cancer progression
.
Our results showed that that dysfunction of this
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CD14/TLR4 antagonism in the context of the cellular
death and survival response may contribute to the
carcinogenic transformation of normal epithelial
[158]
cells
. Finally, intracolonic administration of a TLR4
antagonist was shown to result in increased cancer cell
apoptosis and reduced tumor burdern, suggesting the
[158]
therapeutic potential of TLR4 blockade .

CONCLUSION
Greater understanding of the pathophysiological antideath mechanisms that are present in cancer cells
would enable advanced therapeutic interventions
that could overcome chemoresistance. One of the
key challenges of successful clinical translation is the
ability to destroy tumors while sparing normal cells.
By understanding the similarity between epithelial
cytoprotection and cancer resistance, we may identify
pathways that differ in normal and tumor cells for
pharmacological manipulation. So far, abnormally
expressed glucose transporters and TLR4, which
are involved in both anti-death and pro-proliferative
mechanisms, show great therapeutic potential.
Drugs that target apoptotic machinery and signaling
pathways, metabolic enzymes, and glucose transport
[159]
are currently being investigated in clinical trials
.
Agents to eliminate cancer stem cells, the cell type
[160]
most resistant to death, are also in development
.
In sum, targeting death resistance pathways may
offer a promising therapeutic approach in addition
to strategies such as inhibiting proliferation and
angiogenesis and would offer hope to patients with
refractory tumors.
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nausea and vomiting, and diarrhea, are common
side effects of chemotherapy and targeted agents in
patients with advanced colorectal cancer and pancreatic
cancer. Being often underreported, it is still difficult
to precisely establish their burden in terms of both
patient’s quality of life and cancer care costs. Moreover,
with the use of more intensive upfront combination
regimens, the frequency of these toxicities is rapidly
growing with a potential negative effect also on patient’s
outcome, as a result of dose reductions, delays or even
discontinuation of active treatments. Thus, identifying
patients at higher risk of developing GIT as well as
an optimal management are paramount in order to
improve patient’s compliance and outcome. After the
description of the main treatment-induced GIT, we
discuss the current knowledge on the pathophysiology
of these side effects and comment the scales commonly
used to assess and grade them. We then provide a
critical update on GIT incidence based on the results
of key randomized trials conducted in patients with
metastatic colorectal cancer and advanced pancreatic
cancer.
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Core tip: Although extremely frequent, treatmentrelated gastrointestinal toxicities in patients with
advanced colorectal cancer and pancreatic cancer are
often underreported. As such, it is difficult to establish
to what extent such toxicities affect both patient quality
of life and cancer care costs. In our work we describe
the main gastrointestinal toxicities as well as their
pathophysiology and grading scales. Finally, based on
the results of the main randomized clinical trials, we
provide a critical update on their incidence with both
chemotherapeutic agents and novel targeted drugs.

Abstract
Gastrointestinal toxicities (GIT), including oral mucositis,
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INTRODUCTION
Gastrointestinal toxicities (GIT), including oral mucositis,
nausea, vomiting, dyspepsia, diarrhea, and constipation
are common adverse events of antineoplastic
treatments. These side effects are frequently associated
with classical chemotherapy drugs, although their
rate of occurrence may vary according to treatment
[1]
schedule . Of all toxicities associated with cancer
therapy, from a patient’s perspective GIT are the most
bothersome and consistently challenge patients’ ability
[2]
to tolerate cancer care .
Overall, the incidence of GIT is rising with the
introduction of novel drugs and the adoption of
more intense association regimens that combine
polichemotherapy with targeted agents. At the same
time, the vision of the gastrointestinal tract has
markedly changed. The alimentary tube is no longer
considered a compartmentalized anatomic tract
divided in oral, gastric, small bowel and large bowel
segments. Rather, it is now studied as an anatomic
continuous in which the underpinning pathobiological
[3]
phenomena such as mRNA TNF expression may lead
or contribute to concurrently emerging disturbances
[4]
in different sites . This concept is in line with the
current approach in which regimen-related toxicities
do not occur as solitary events, but present as cluster
and may be holistically integrated with other common
[5]
pathological pathways .
The assessment of GIT is largely dependent on
clinician assignment of a grade based on a range
of criteria established by various instruments. For
describing toxicities (adverse events) associated with
particular drug or radiation therapy regimens, the
National Cancer Institute Common Terminology Criteria
[6]
for Adverse Events (CTCAE) is probably the most
commonly used. The periodic modification of CTC (now
in its fourth version) makes longitudinal comparisons
of studies difficult, as the criteria used to delineate
severity scores have been inconsistent. A number
of other grading systems have been used, often for
specific components of GIT, with varying success.
Aside from describing the toxicities of particular
treatment regimens, scoring instruments play critical
roles as research tools to assess the efficacy of
toxicity interventions and as clinical guides for nursing
[7]
interventions . Finding a scoring instrument, which is
easy to use and replicate, has clinical meaningfulness
and is easily understood by all users has been
challenging.
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Notably, the health and economic burden of GIT
[8]
associated with cancer treatments is significant .
Often treatment-related GIT toxicities result in
unplanned medical consultation, emergency room
visits, support infusion, gastrostomy placement and
hospitalization leading to increased resource use and
[9,10]
cost
. Furthermore, since management options
for a number of GITs is limited, these toxicities
may necessitate cancer treatment dose reduction
or discontinuation thereby limiting optimum tumor
control. In this review we summarize the scope of
distinctive oral and gastrointestinal side effects of both
standard chemotherapy regimens and novel agents
used in colorectal and pancreatic cancers.

GIT in advanced colorectal
cancer patients
Colorectal cancer (CRC) is the third most frequent
cancer in men, after lung and prostate cancer, and
is the second most frequent cancer in women after
breast cancer. It accounts for 8% of new cancer
cases in the United States, and is responsible for
8% to 9% of the estimated cancer deaths in the
[11]
United States in 2014 . The therapeutic options
available for the treatment of metastatic CRC have
significantly increased over the last decade. Together
with advances in surgical techniques, combination
therapy of irinotecan and oxaliplatin with 5-fluorouracil
and the introduction of novel drugs targeting epi
dermal growth factor receptor (EGFR) (cetuximab
and panitumumab) or vascular endothelial growth
factor (VEGF) (bevacizumab, aflibercept, regorafenib,
and ramucirumab) have led to a median survival
[12-15]
times now approaching 30 mo
. Furthermore,
increasing numbers of trials testing novel drugs have
all expanded the treatment options. However, the
addition of such targeted agents to standard regimens
has often led to increased rates of gastrointestinal side
effects.
GIT associated with standard cancer therapy
regimens are very common and often clinically sig
[16,17]
nificant, though varying in severity
. Moreover,
it is well known that treatment-related side effects
involving the gastrointestinal tube such as oral
mucositis and dysgeusia, nausea and vomiting, and
diarrhea may often occur together and share a similar
biological etiology. Mucositis is probably the most
extensively studied toxicity of the gastrointestinal
tract and it refers to cancer regimen-related mucosal
damages, which can either occur in the oral cavity,
i.e., oral mucositis or stomatitis, or in lower regions
of the gastrointestinal tract. The usual presentation
of oral mucositis includes erythema and/or ulceration
of the mucosa, whereas gastrointestinal mucositis
usually presents with pain, bloating, diarrhea, nausea
and vomiting. As a result, mucositis is associated with
considerable morbidity, diminished quality of life as
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[18-20]

well as negative health and economic outcomes
.
Similar to many other cancer treatment-related
toxicities, GIT tends to be reported only when severe
cases occur. Consequently, the incidence of this side
effect is largely underestimated and often inconsistent,
ranging from as low as 30% to almost 100% when
all grades of mucositis are considered. Therefore,
identification of subjects at higher risk as well as
optimal management of this side effect can lead to
better treatment tolerance, improved quality of life
and more appropriate resource allocation. Mucositis
risk depends on therapy-related factors such as the
type of cancer drug administered, the regimen used,
its dosage and schedule, and patient-related factors
such as gender, age, baseline comorbidities and tumor
diagnosis. Interestingly, also genomic plays a relevant
[21,22]
role in the risk of developing oral mucositis
, as
well as the disruption of composition and function of
[23,24]
the host-microbiota local environment
.
Amongst the chemotherapeutic agents commonly
used for patients with metastatic CRC, 5-FU and
irinotecan are the two drugs with the highest risk for oral
and gastrointestinal mucositis, respectively. In addition,
multiple cycles of chemotherapy also seem to play an
important role as risk factor for oral mucositis, mainly
as a result of a cumulative effect, and the risk for GIT
may increase when more intensive treatments such as
FOLFOXIRI are used. Female gender results associated
with higher risk of developing severe mucositis, as
suggested by the results of clinical trials conducted in
[7,25,26]
CRC patients treated with 5-fluorouracil
.
Genomic determinants of GIT are associated with
genes governing both drug metabolism [pharma
cokinetic (PK)] and its pathobiology. An example of
a PK-related pharmacogenomic marker of toxicity
risk is the catabolic enzyme, dihydropyrimidine
dehydrogenase (DPD) that plays a critical role in 5-FU
metabolism. Insufficient DPD activity results in toxic
levels of 5-FU and is associated with increases in both
[27]
hematologic and non-hematologic toxicities . DPD
activity is affected by at least two variants of the DPYD
gene, DPYD*2A and D949V. Additional DPYD variants
[28,29]
have been uniquely described in African Americans
.
As a consequence, a FDA-approved test to assess DPD
activity is commercially available.
Improved understanding of the pathogenesis of
GIT has led to opportunities to assess its variable
risk among patients. For example, oxidative stress,
which is responsible of reactive oxygen species (ROS)
formation, typically occurs after the administration
of chemotherapy and eventually leads to tissue
damage. Preclinical studies showed that changes
in the expression of genes of with single-nucleotide
polymorphisms involved in the metabolism of reactive
oxygen species were associated with increased risk of
[7,30]
mucositis
.
The pathogenesis of GIT is a complex process
involving five different predictable phases, which
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is usually initiated by direct cell damage from che
motherapy. DNA damage, ROS formation and the
subsequent death of the basal epithelial cells lead to
the release of endogenous damage-associated pattern
molecules (CRAMPs) which, in turn, trigger the innate
[31]
immune response
as well as several other path
ways involved in the production of pro-inflammatory
cytokines. The nuclear factor Kappa-B (NF-κB) pathway
[32,33]
is probably one of the most extensively investigated
and its activation eventually translates into signal
amplification with local recruitment of inflammatory
[34]
cells . Development of symptomatic deep ulcerations,
which can be easily colonized by oral bacteria, may
lead to an extension of the mucosal damage itself.
Healing usually occurs in the last stage with a complete
restitutio ad integrum.
Similar to oral mucositis, gastrointestinal mucositis
is a complex process, a result of both direct and
indirect injury leading to crypt cell death, breakdown
of the mucosal barrier and lastly to mucosal
inflammation. Rapidly dividing cells are particularly
sensitive to many cytotoxic chemotherapeutic agents,
thus the GI tract is extremely vulnerable. The first
abnormality detected in human small intestine on
day 1 after chemotherapy is an increase of the rate
of cells switching to apoptosis. Such phenomenon is
then followed by a reduction in crypt length as well
as villus area and mitotic index, reaching a nadir on
day 3. Interestingly, the rate in apoptosis not always
correlates with the severity of mucositis. Finally, on day
5 after chemotherapy a rebound hyperplasia usually
leads to a gradual normalization of the tissue and to
[18]
re-epithelialization .
Chemotherapy-induced diarrhea is most commonly
reported with fluoropyrimidines and irinotecan, and
this potentially dangerous side effect often needs to be
[35]
aggressively managed . Both drugs can cause acute
damage of the intestinal mucosa leading to loss of
epithelium. As a result, the increased amount of fluids
that transits from the small bowel to the colon exceeds
the absorptive capacity of the colon, finally resulting in
[36,37]
diarrhea
. Moreover, while delayed-onset irinotecanassociated diarrhea appears to be multifactorial
with both cytokine and direct toxic inflammatorymediated effects on the intestinal mucosa as well as
[38]
an alteration of the motility , the early-onset diarrhea
is cholinergically mediated. Occurring in 45%-50%
of patients, during or within several hours of drug
infusion, such diarrhea seems to be caused by the
structural similarity of the drug with acetylcholine.
Moreover it is often accompanied by other symptoms
of cholinergic excess such as abdominal cramping,
[37]
rhinitis, lacrimation and salivation . A number of
clinical studies have demonstrated the role of UGT1A1
[39]
genotyping as a potential marker for CPT-11 toxicity ,
which may also correlate with severe hematological
[40]
toxicity . Once again, CRC patients exposed to
multiple chemotherapy cycles may be at higher risk
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[41]

for chemotherapy-induced diarrhea . Obviously,
the potential of the primary tumor to contribute to GI
symptoms cannot be overlooked.
Little evidence is currently available on chemotherapyinduced esophageal mucositis mainly because most
of the symptoms associated with esophageal mu
cositis are usually attributed to gastroesophageal
reflux disease or to both viral and fungal infections.
However, the effect of chemotherapy on esophageal
epithelium has been described before and it appears
that chemotherapeutic agents damage the dividing
and differentiating cells, leading to a thin and
[42]
ulcerated epithelium . Similarly, modest information
exists about mucositis of the stomach. Overall,
gastrointestinal mucositis can be debilitating and
in some cases also life-threatening: as a matter of
fact, volume depletion can lead to acute renal failure,
electrolyte disorders and metabolic acidosis.
With both irinotecan and oxaliplatin classified as
moderate emetogenic cytotoxic drugs, nausea and
vomiting can also be a relevant issue in patients with
[43]
CRC treated with such agents . Chemotherapyinduced vomiting and nausea can greatly affect patient’s
quality of life with subsequent poor compliance to chemo
therapy. As a matter of fact, such symptoms not only
can lead to metabolic disorders, anorexia and decline of
the patient’s performance status, but they can also be
responsible for discontinuing potentially useful anticancer
[44,45]
treatments
. Similarly to oral mucositis, the risk
of nausea and vomiting depends on various factors
including the type of drug administered, its dosage,
schedule and route of administration as well as the
[44-46]
patient’s age, sex and his/her past medical history
.
The role of pharmacogenomics in the occurrence and
intensity of nausea and vomiting has not been fully
unrevealed and deserves further studies.
Vomiting is a result of a multistep pathway which
is controlled by the brain and is usually triggered by
afferent impulses to the vomiting center, located in
the medulla, originating from the chemoreceptor
trigger zone, pharynx and gastrointestinal tract (via
vagal afferent fibers) and cerebral cortex. Once the
vomiting center is adequately stimulated, efferent
impulses are sent to the salivation center, abdominal
muscles, respiratory center and cranial nerves and
[47-49]
vomiting occurs
. Chemotherapeutic agents
as well as their metabolites usually lead to the
activation of neurotransmitter receptors located in
the chemoreceptor trigger zone, vomiting center and
GI tract. The main neuroreceptors involved in the
emesis are the serotonin (5-hydroxytryptamine) and
dopamine receptors, which are targeted by many
[49]
antiemetic agents . Nausea and/or vomiting induced
by chemotherapy are usually classified as acute,
delayed, anticipatory, breakthrough or refractory. The
timing of occurrence is the main difference between the
acute-onset and the delayed-onset with nausea and/
or vomiting occurring before and after 24 h from the
administration of the drug, respectively. Anticipatory
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nausea and/or emesis occurs before patients receive
chemotherapy and is usually associated with a
negative past experience with chemotherapy. Finally,
breakthrough emesis refers to vomiting that occurs
despite prophylactic treatment. The frequency of
chemotherapy-induced vomiting, as mentioned
before, depends on many factors but primarily on the
ematogenic potential of the specific chemotherapeutic
agents. The most recent MASCC and ESMO treatment
guidelines follow the Grunberg classification for
intravenous agents, which defines 4 different risk levels
of vomiting: high emetic risk where 90% or more of
patients experience acute emesis, moderate emetic
risk, 30% to 90% of patients experience acute emesis,
low emetic risk, 10% to 30% of patients with acute
emesis and minimal emetic risk with fewer than 10%
[50]
of patients experiencing acute emesis .
Rectal cancer patients who undergo chemoradiation
may also suffer from proctitis, a treatment-induced
proctopathy consisting in a painful epithelial damage
to the rectum, usually associated with minimal or
no inflammation. Based on the timing of symptoms,
radiation proctitis can be classified as acute if it occurs
during or within six weeks of radiation therapy or as
[51]
chronic if it has a more delayed onset . Risk factors
include the dose of radiation, area of exposure,
method of delivery as well as patient-related factors
such as inflammatory bowel disease. Once again,
specific polymorphisms of genes involved in the
disease pathogenesis may be associated with greater
risks for toxicity. For example, VEGFR2 H427Q QQ
genotype was significantly associated with increased
[52]
severe upper gastrointestinal tract mucositis .
The general pathobiology for proctitis is similar
to other stratified squamous mucosa. While acute
proctitis is a consequence of the direct mucosa damage
form radiation exposure, chronic proctitis results
from progressive epithelial atrophy and fibrosis asso
ciated with chronic mucosal ischemia and obliterative
endarteritis. The main symptoms of acute radiation
proctitis include diarrhea, tenesmus, urgency and
mucus discharge; severe bleeding is usually more
common in chronic proctitis. Occasionally patients may
also develop symptoms of obstructed defecation due to
strictures such as constipation and rectal pain.
Finally, another common gastrointestinal toxicity
is dysgeusia; transient alteration in taste often leads
to reduced appetite as well as low energy intake and
weight loss. The chemotherapeutic agents that have
been most associated with taste alterations include
[53]
irinotecan, oxaliplatin, fluorouracil and gemcitabine .
These drugs may affect taste by stimulating taste
receptors particularly when they are secreted in saliva.
Dysgeusia often persists after drug clearance due to
damage to the taste buds.

Clinical assessment of GIT

A number of scales are available to assess the severity
of GIT. In general, toxicity of each area of the GI
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Table 1 Oral mucositis grading scales
CTCAE version 4.03
Description

Grade
1
2
Asymptomatic or mild
Moderate pain; not
symptoms; intervention not interfering with oral
indicated
intake; modified diet
indicated

3
Severe pain;
interfering with oral
intake

WHO
Description

4
Life-threatening
consequences; urgent
intervention indicated

5
Death

Grade
0 (none)

Ⅰ (mild)

Ⅱ (moderate)

Ⅲ (severe)

Ⅳ (life-threatening)

None

Oral soreness,
erythema

Oral erythema, ulcers,
solid diet tolerated

Oral ulcers, liquid diet
only

Oral alimentation
impossible

CTCAE: Common Terminology Criteria for Adverse Events version; WHO: World Health Organization.

tract is graded independently. For oral mucositis the
World Health Organization (WHO) scale (Table 1) or
the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) (Table 1) are
among the most frequently used. While NCI-CTCv4
is limited to pain and ability to eat, the WHO scale
combines both functional and objective (erythema and
ulceration) assessments and probably provides a more
complete indication of the severity of the condition.
Gastrointestinal mucositis as well as nausea and
vomiting are usually graded based on CTCAE scale.
The severity of chemotherapy-induced diarrhea for
instance, is based on the number of stools per day or
increase in stoma output compared to baseline, as well
as on the need for hospitalization and the effect on
self-care activities. Similarly, vomiting is graded from
0 to 5 based on number of episodes per day and the
need for hospitalization or total parental nutrition.

GIT associated with specific treatment regimens

The current management of metastatic CRC involves
various active drugs, given either in upfront combination
or as single agents in later treatment lines. Although
curative rates remain low for patients with advanced
disease, the median overall survival has dramatically
improved with modern treatments. Upfront 5FU-based
doublet regimens with irinotecan or oxaliplatin combined
with bevacizumab are currently widely used, and these
combinations are usually associated with significantly
increased rates of gastrointestinal mucositis compa
red to those previously reported (Table 2). Recently,
the Italian phase 3 TRIBE study has randomized
untreated patients with metastatic CRC to receive either
FOLFOXIRI in combination with bevacizumab or FOLFIRI
[13]
plus bevacizumab , with significant overall survival
improvement for patients enrolled in the experimental
arm (31 mo vs 25.8 mo, HR = 0.79). It came as no
surprise, however, that the better outcome results
were associated with increased toxicity as the overall
safety profile, mainly in terms of GIT, was significantly
worse for the triplet compared with the FOLFIRI plus
bevacizumab arm. Severe or life-threatening grades of
diarrhea were reported in 10.6% of patients enrolled
in the FOLFIRI plus bevacizumab arm and in 18.8% of
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those randomized to the FOLFOXIRI plus bevacizumab
arm (p = 0.01). Similarly, stomatitis was described in
8.8% of patients treated with the triplet vs 4.3% (p =
0.048).
Results of the randomized CRYSTAL study showed
that the upfront addition of cetuximab to FOLFIRI
improved median OS of patients whose tumors
did not have mutations at KRAS codons 12 and
[54,55]
13
. In KRAS wild-type patients, median PFS
was 9.9 mo for those exposed to cetuximab vs 8.7
mo in those receiving FOLFIRI alone (HR = 0.69,
95%CI: 0.56-0.97, p = 0.012). Median OS was
also significantly improved in the arm containing
cetuximab (23.5 mo vs 20.0 mo, HR = 0.79, 95%CI:
0.67-0.94, p = 0.009). As expected, the safety profile
showed a 50% increase of the frequency of grade 3
and grade 4 diarrhea which occurred in 15.7% of the
patients allocated to the cetuximab arm vs 10.5%
of those enrolled in the standard arm. Similarly, the
PRIME trial compared the combination of FOLFOX
plus panitumumab with FOLFOX alone, in patients
with metastatic CRC who did not receive any prior
[56]
treatment . The study met its primary endpoint
(PFS) in the KRAS wild-type population, with a
median PFS for FOLFOX combined to panitumumab
of 9.6 mo vs 8.0 mo for the FOLFOX alone arm (HR
= 0.80, 95%CI: 0.66-0.97, p = 0.02). The addition
of the monoclonal antibody, however, resulted in a
significantly increased rate of diarrhea (18% vs 9%)
and mucositis (9% vs < 1%).
FIRE 3 and CALGB 80405 were designed to assess
whether cetuximab or bevacizumab was a more
effective partner for doublet chemotherapy in the firstline treatment in patients with KRAS exon 2 wild-type
metastatic CRC. In the European FIRE-3trial, patients
were randomly assigned to receive FOLFIRI plus
cetuximab or FOLFIRI plus bevacizumab. Although no
differences were noted in terms of response or PFS,
median OS was significantly longer in the FOLFIRI
[12]
plus cetuximab group (HR = 0.77, p = 0.017) .
By contrast, the US-based randomized phase 3 trial
CALGB 80405, which compared first-line cetuximab or
bevacizumab in combination with FOLFOX or FOLFIRI,
failed to show a difference in terms of survival between
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Table 2 Frequency of gastrointestinal toxicities in metastatic colorectal cancer: results from main recent clinical trials
Trials

Nausea
Any grade

Folfiri + cetuximab
(FIRE-3 trial, Heinemann et al[12]. Lancet Oncol 2014)
Folfiri + bevacizumab
(FIRE-3 trial, Heinemann et al[12]. Lancet Oncol 2014)
Folfiri + aflibercept
(VELOUR trial, Van Cutsem et al[60]. J Clin Oncol
2012)
Regorafenib
(CORRECT trial, Grothey et al[63]. Lancet 2013)
Folfoxiri + bevacizumab
(Tribe trial, Loupakis et al[13]. N Engl J Med 2014)
Folfox + bevacizumab
(Tribe trial, Loupakis et al[13]. N Engl J Med 2014)

[57]

Vomiting

G3-G4

Diarrhea

G3-G4

Any grade

Oral mucositis

G3-G4

Any grade

G3-G4

45%

3%

22%

2%

46%

11%

38%

4%

58%

5%

29%

3%

49%

12%

41%

3%

53.4%

1.8%

32.9%

2.8%

69.2%

19.3%

54.8%

13.8%

14%

< 1%

8%

1%

34%

7%

27%

3%

2.8%

4.4%

18.8%

8.8%

3.2%

3.2%

10.6%

4.3%

the two targeted agents . Both FIRE-3 and CALGB
80405 trial, however, showed a similar safety profile.
The most common grade 3 or 4 adverse events in both
treatment groups were diarrhea (11% of patients in
the cetuximab arm and 14% in the bevacizumab arm
for FIRE-3 trial, 11% of patients in the cetuximab arm
and 8% in the bevacizumab arm for CALGB 80405).
The frequency of stomatitis as well as nausea and
vomiting was in line with previously reported results.
Even after protocol amendment because of safetyconcerns, very high rates of severe diarrhea (35% of
grade 3-4) were reported when the triplet regimen
FOLFOXIRI was associated with panitumumab in 37
molecularly selected CRC patients enrolled in the TRIP
[58]
study . Accordingly, in the POCHER trial that exposed
42 unresectable metastatic CRC patients to cetuximab
plus a chronomodulated combination of 5-Fluorouracil,
oxaliplatin and irinotecan, grade 3 and 4 diarrhea
occurred in 93% and 36% of patient before and after
[59]
dose reduction .
Second-line chemotherapy also includes novel
agents. Aflibercept, a multitarget antiangiogenic fusion
protein, was combined to FOLFIRI in the multinational
phase Ⅲ trial VELOUR, showing significantly prolonged
OS and PFS in pretreated advanced CRC patients
[60]
compared with chemotherapy alone . More grade 3
or 4 adverse events were reported in the aflibercept
arm compared with the placebo arm. In particular,
higher rates of severe diarrhea (19.3% vs 7.8%) and
stomatitis/ulceration (13.7% vs 5%) were noted.
Furthermore, diarrhea was one of the toxicities that
most frequently led to chemotherapy discontinuation
in the experimental arm. Ramucirumab is a novel
VEGFR2 inhibitor already approved in pretreated
[61]
patients with advanced gastric cancer . The RAISE
study compared FOLFIRI plus ramucirumab to FOLFIRI
plus placebo in 1072 CRC patients who had failed
[62]
first-line chemotherapy . The trial met its primary
endpoint showing a 2 mo increase in median OS
(HR = 0.844, 95%CI: 0.73-0.97, p = 0.022). The
combination of FOLFIRI and ramucirumab however
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Any grade

was associated with higher incidence of any grade
stomatitis (30.8% vs 20.8%) and diarrhea (59.7% vs
51.5%) compared to FOLFIRI alone; of note, the rate
of severe cases was not statistically different between
treatment arms.
Regorafenib is a small tyrosine kinase inhibitor
which has been approved in pretreated patients with
advanced CRC based on the positive survival results
of the double-bind, placebo-controlled phase Ⅲ trial
[63]
CORRECT trial . The most common adverse events
included GI toxicities of any grade, such as diarrhea
(34% vs 8% in placebo arm), oral mucositis (27%
vs 4%), nausea (14% vs 11%), constipation (8% vs
5%), and vomiting (8% vs 5%); furthermore diarrhea
was also one of the most frequent regorafenibrelated grade 3 or grade 4 adverse events. Since the
combination of regorafenib and cetuximab could be a
valuable strategy to overcome acquired resistance to
[64]
EGFR-inhibitors , the gastrointestinal toxicity profile
of the combination deserves to be further studied.
Finally, a number of MEK inhibitors have progressed
into clinical trials and are currently under evaluation.
The mitogen-activated protein kinase (MAPK) signaling
pathways involve a family of protein kinase which play
critical roles in regulation of many cellular activities
such as cell proliferation, survival, differentiation and
angiogenesis. MAPK pathway blockade through MEK
inhibition can be an effective approach in patients with
metastatic CRC. Amongst the MEK inhibitors currently
under development, trametinib (GSK1120212), a
potent small molecule inhibitor of MEK kinase, is the
most extensively investigated. An early phase Ⅰ trial
of trametinib enrolled patients with advanced solid
tumors, including patients with chemotherapy
refractory advanced colorectal cancer. Dose-limiting
[65]
toxicities included diarrhea .
In this area, the study of patients’ immune genetics
and inflammation to predict the risk of increased
gastrointestinal toxicity has been suggested, but not
[66,67]
fully elucidated
.
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GIT in patients with advanced
pancreatic adenocarcinomas or
neuroendocrine cancer
Pancreatic cancer is one of the deadliest among
the solid malignancies, and pancreatic ductal
adenocarcinoma (PDAC) accounts for over 95%
[68]
of all cases diagnosed . Most patients present
with metastatic disease at the time of diagnosis
and the goal of treatment is therefore palliative.
Historically, gemcitabine was the standard of care
for first-line treatment, since randomized studies
[69]
combining gemcitabine with platinum, erlotinib
[70]
or capecitabine
only produced marginal clinical
improvements. Recently, the French phase Ⅲ
trial PRODIGE 4/ACCORD 11 showed that upfront
FOLFIRINOX was superior to gemcitabine in patients
with advanced pancreatic cancer, in terms of median
OS (11.1 mo vs 6.8 mo, HR = 0.57), median PFS
[71]
(6.4 mo vs 3.3 mo), and objective responses .
In the study, however, treatment-related GIT were
significantly greater with FOLFIRINOX compared
to gemcitabine group, mainly because of a higher
incidence of grade 3 or 4 vomiting (14.5% vs 4.7%, p
= 0.002) and diarrhea (12.7% vs 1.2%, p = 0.0001).
While a three-drug antiemetic regimen is suggested
[72]
to provide optimal control of nausea and vomiting ,
retrospective studies reassuringly suggest that a more
conservative de-intensified schedule of the same triple
[73]
regimen may be equally effective and less toxic .
The phase Ⅲ MPACT trial set the combination of
gemcitabine plus nab-paclitaxel as a novel standard
treatment option showing its superiority in terms of
response rate, median PFS, and median OS compared
[74]
to gemcitabine alone . The safety analysis of the
trial found that the combination was fairly tolerable,
and although it was associated with more side effects
than gemcitabine alone, the overall quality of life
[75]
was improved . Notably, the combination produced
higher incidence of any grade diarrhea compared to
gemcitabine (37% vs 13%) as well as more severe
[76]
diarrhea (6% vs 1%) .
The development of novel anticancer agents,
interfering with tumor’s microenvironment or with
[77]
the tumor cell itself, is also producing advances .
A randomized phase Ⅱ trial with gemcitabine and
TH-302 (evofosfamide), a hypoxia-activated prodrug,
showed potential therapeutic efficacy, increasing
[78]
PFS by 2 mo . Enrolled patients were randomized
to gemcitabine alone or gemcitabine plus TH-302
2
2
at two different doses of 240 mg/m or 340 mg/m .
The combination regimen produced increased skin,
mucosal and hematological toxicities. In particular, a
higher incidence of all-grade stomatitis was reported
for the combination compared to gemcitabine alone
(18% for the lower TH-302 dose, 36% for the higher
TH-302 dose, 7% for gemcitabine alone) although the
cases of severe stomatitis were numerically similar
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among the treatment arms. MAESTRO, a phase Ⅲ
randomized trial in which patients are randomized to
gemcitabine alone versus gemcitabine plus TH-302
2
at the dose of 340 mg/m is currently ongoing.
The combination of gemcitabine and masitinib also
produced interesting clinical results in a recent phase
Ⅲ trial, although increased rates of nausea (58% vs
47%, p = 0.036) and vomiting (50% vs 37%, p <
[79]
0.001) were noted for the experimental arm .
Neuroendocrine tumors (PNET) represent approxi
mately 2% of all pancreatic cancers. Due to their
rarity and heterogeneity, the advances in their
characterization and treatment have been slow, and
a limited number of efficacious systemic treatments
[80]
are currently available . Large phase Ⅲ clinical trials
have demonstrated that everolimus and sunitinib
could significantly improve PFS in these patients.
Everolimus belongs to mammalian target of rapamycin
(mTOR) inhibitor. Aberrant signaling through the
mechanistic mTOR pathway has been implicated in
neuroendocrine tumorigenesis, and altered expression
of mTOR pathway components has been observed
in NETs. A randomized placebo-controlled phase
Ⅲ study of patients with PNET demonstrated a
significantly improved PFS with everolimus (11.0 mo
[81]
vs 4.6 mo, HR = 0.35, 95%CI: 0.27-0.45) . Among
drug-related adverse events oral stomatitis, rash,
diarrhea, and fatigue should be included. Aphthouslike oral stomatitis has been identified as one of the
most common dose-limiting toxicities associated with
[82]
the drug , and the pathogenesis of this side effect
[83]
has been demonstrated peculiar . GI toxicities are
frequent, including stomatitis, diarrhea and vomiting,
with most of them being grade 1 or 2, though some
cases of stomatitis and diarrhea were grade 3 or grade 4.
Sunitinib is an oral multitarget tyrosine kinase
inhibitor with antiangiogenic properties. Compared
to placebo, sunitinib doubled median PFS from 5.5 to
11.4 mo when given continuously at the dose of 37.5
mg/d to patients with well-differentiated pancreatic
NET enrolled in a multinational, randomized, double[84]
blind, placebo-controlled phase 3 trial .
The GI toxicities associated with sunitinib were
diarrhea, nausea, vomiting, dysgeusia and stomatitis;
the majority of adverse events was grade 1 or 2 and
[85]
easily managed wit appropriate medical therapy .
A comprehensive description or major GI toxicities
of the above cited drugs are represented in Table 3.

CONCLUSION
Chemotherapy-induced gastrointestinal toxicities
not only are a common problem in cancer patients
but they often are clinically significant. Defining
the epidemiology of these peculiar toxicities has
always been compelling for many reasons including
underreporting and differences in assessment
techniques and scales. Overall, they remain a
significant burden for patients undergoing systemic
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Table 3 Frequency of gastrointestinal toxicities in advanced pancreatic cancer: results from main clinical trials
Trials

Nausea

Vomiting

Diarrhea

Oral mucositis

Any grade G3-G4 Any grade G3-G4 Any grade G3-G4 Any grade G3-G4
Gemcitabine + TH-302 (240 mg/m2)
(Borad et al[78]. J Clin Oncol 2014)
Gemcitabine + TH-302 (340 mg/m2)
(Borad et al[78]. J Clin Oncol 2014)
Sunitinib
(Yao et al[81]. N Engl J Med 2011)
Everolimus
(Raymond et al[84]. N Engl J Med 2011)
Folfirinox
(PRODIGE 4/ACCORD11 trial, Conroy et al[71]. N Engl J Med 2011)
Nab-paclitaxel + gemcitabine
(MPACT trial, Von Hoff et al[74]. N Engl J Med 2013)

39%

10%

24%

6%

28%

3%

18%

0%

46%

5%

38%

8%

36%

4%

36%

0%

45%

1%

34%

0%

59%

5%

22%

4%

15%

0%

34%

3%

64%

7%

14.5%

6%

chemotherapy with or without targeted drugs,
with potentially negative effects on both patient’s
outcome and cancer care costs. Moreover, the more
aggressive upfront regimens often used nowadays in
patients with metastatic colorectal cancer together
with the introduction of novel targeted therapies are
likely to worsen the issue. Improved understanding
of the pathophysiology underlying gastrointestinal
toxicities has allowed identifying patients at higher
risk, developing new effective treatments to prevent
or help the recovery from such disturbances and
to provide symptomatic relief. Still, management
of chemotherapy-induced gastrointestinal toxicities
remains a major challenge with future studies needed
in order to identify subjects who are genetically
predisposed to develop severe GI side effects.
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Abstract
Sleeve gastrectomy (SG) is a restrictive bariatric
surgery technique that was first used as part of restric
tive horizontal gastrectomy in the original Scopinaro
type biliopancreatic diversion. Its good results as a
single technique have led to a rise in its use, and it
is currently the second most performed technique
worldwide. SG achieves clearly better results than
other restrictive techniques and is comparable in some
aspects to the Roux-en-Y gastric bypass, the current
gold standard in bariatric surgery. These benefits
have been associated with different pathophysiologic
mechanisms unrelated to weight loss such as increased
gastric emptying and intestinal transit, and activation
of hormonal mechanisms such as increased GLP-1
hormone and decreased ghrelin. The aim of this review
was to highlight the salient aspects of SG regarding
its historical evolution, pathophysiologic mechanisms,
main results, clinical applications and perioperative
complications.
Key words: Bariatric surgery; Sleeve gastrectomy;
Severe obesity; Dyslipidemia; Hypertension; Type 2
diabetes mellitus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The most salient aspects of sleeve gastrectomy,
a restrictive bariatric surgery technique yielding better
results than other restrictive techniques that cannot
simply be explained by weight loss, are reviewed.
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HISTORY: FROM OUTSET TO TODAY
Sleeve gastrectomy (SG) began to be used in 1988
as a variation of biliopancreatic diversion (BPD) with
[1-3]
duodenal switch . In contrast to the BPD described
[4]
by Scopinaro et al in which a horizontal gastrectomy
was performed, the pylorus and duodenum were
preserved in SG, yielding a reduction in dumping
symptoms and marginal ulcers. In addition, gas
trectomy was more restrictive, permitting a decline
in the malabsorptive component and nutritional
[2]
secondary effects . Initially, this technique was
[5]
performed openly, with Ren et al being the first to
perform it laparoscopically in the late 1990’s. In the
early 2000’s, given the high frequency of complications
[6]
in patients with a high body mass index (BMI) ,
[7]
Regan et al described a two-step approach to treat
patients with high surgical risk. In a first step, SG
was implemented to achieve sufficient weight loss to
permit the Roux-en-Y gastric bypass (RYGB) or BPD
[8,9]
to be performed more safely in a second step .
Given the good results obtained, a second intervention
was unnecessary in many cases which, together with
low morbidity and mortality, rapidly installed SG as a
[10-12]
[13]
single procedure
. Subsequently, Baltasar et al
recommended a multipurpose strategy, applying SG
as a single procedure in mildly-obese patients or after
failed gastric banding, and as a 2-step procedure for
high-risk patients, who were either extremely obese
or had serious comorbidities. In recent years, some
technical modifications, such as a progressive decrease
in gastric remnant size, have been made in order to
[14]
prevent weight gain in the long term , or the use of
[15]
natural transluminal orifice endoscopic surgery
and
[16]
single incision laparoscopic surgery .
SG has gradually gained in popularity, becoming
established as the second most used bariatric
procedure worldwide, closer to RYGB, the considered
gold standard. Thus, according to the International
Federation for the Surgery of Obesity and Metabolic
Diseases, between 2008 and 2013, SG use increased
from 5.3% to 27.9% of all procedures while RYGB,
albeit remaining the most widely-used technique, has
[17]
fallen from 49.0% to 46.6% .

THE TECHNIQUE
SG is a bariatric technique consisting of subtotal
vertical gastrectomy with preservation of the pylorus,
including longitudinal resection of fundus, corpus
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pylorus

Figure 1 Sleeve gastrectomy.

and antrum, to create a tubular duct along the
lesser curvature. Resection comprises approximately
80% of the stomach and the remnant gastric has
a capacity > 100 mL. It is considered an easier
technique than other procedures such as RYGB, since
[18]
multiple anastomoses are required
(Figure 1).
Variants of SG have been described, and although
no comparative studies have been conducted, none
seems to offer advantages. Furthermore, SG has been
performed with different degrees of intestinal bypass,
including variants with 2 exits from the stomach such
[19]
as SG transit with bipartition
and SG with loop
[20]
bipartition . In an attempt to achieve a surgery with
more metabolic effects, SG has also been linked with
[21]
ileal transposition ; finally, short-term studies on SG
[22]
with a gastric band have been reported .

MECHANISMS
SG yields better results than other restrictive tech
niques and is similar to RYGB in terms of weight
loss and carbohydrate metabolism improvement in
[23]
the short and medium term . This SG superiority
over other restrictive techniques has been related
to different mechanisms such as modification of
gastrointestinal motility, hormonal mechanisms,
alterations in bile acids and gut microbiote.
Unlike other restrictive techniques such as gastric
[24]
banding, SG provokes a rapid gastric emptying
and
[25]
accelerated intestinal transit . It seems that the rapid
transit may trigger hormonal mechanisms that will be
described below; it could also cause increased satiety,
[26]
as occurs with drugs that enhance gastric emptying .
GLP-1 is an incretin hormone secreted by L-cells
of the distal intestine in response to eating. It has
beneficial effects on weight and glucose metabolism
since it promotes insulin secretion, inhibits gastric
emptying, glucagon secretion and hepatic glucose
[27]
production . SG has repeatedly produced an
[28-30]
exaggerated postprandial increase in GLP-1
comparable to that of RYGB. In the latter, the rise in
GLP-1 could be explained by the hind-gut hypothesis,
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in which stimulation of the distal gut caused by
the bypass lead to an amplified increase in GLP-1.
However, after SG, the mechanism by which the
surgery would increase GLP-1 secretion is unclear. One
hypothesis could be that the enhanced transit resulting
[24]
from SG also causes distal intestine stimulation . A
further possibility would arise from the lack of gastric
response to the intestinal signals that normally slow
[24]
emptying . Others have proposed that an increase
in GLP-1 levels would be an effort to restore intestinal
gastric motility in response to accelerated gastric
[31]
emptying . Since GLP-1 response is also increased
by infusing nutrients directly into the duodenum,
the existence of an independent gastric emptying
[24]
mechanism has also been suggested . Moreover,
given the rapid increase in GLP-1 following ingestion
and presumably before nutrients contact L-cells, the
existence of a proximal-distal circuit causing GLP-1
secretion has been proposed that does not require
direct contact between chime and L-cells, which could
[32]
be mediated via a neural
or hormonal pathway
[33]
through cholecystokinin (CCK) .
Peptide YY (PYY), also known as peptide tyro
sine tyrosine or pancreatic peptide YY 3-36, is an
anorexigenic peptide released by L-cells in mucosa
of the gastrointestinal tract, especially the ileum
[34]
and colon, in response to feeding . In addition to
reduce appetite, PYY increases nutrient absorption in
the ileum, inhibits gastric and pancreatic secretion,
attenuates gallbladder contraction and slows gastric
emptying. Reduced secretion in obese patients, which
[35]
is associated with lower satiety, has been reported .
Like GLP 1, numerous studies have demonstrated
a significant increase in PYY after SG, and again
the results are comparable to those observed after
[29,30]
RYGB
, suggesting that the mechanism for increase
will be shared.
Ghrelin is a neuropeptide with orexigenic action
predominantly synthesized by oxyntic cells of the
[36]
gastric fundus . Under physiologic conditions, ghrelin
levels increase during fasting with a preprandial peak
and are suppressed by food. It also has diabetogenic
[37]
effects such as the suppression of insulin secretion .
A drop in ghrelin concentrations after SG compared to
[38,39]
[40,41]
baseline levels
and other restrictive techniques
[28,29]
or RYGB
has consistently been demonstrated. This
drop off has been associated with fundus resection
and there is speculation that it may be one of the
main mechanisms accounting for the superiority of SG
over other restrictive techniques and its similarity to
RYGB. Nevertheless, some experimental studies found
that the decline in ghrelin concentrations could not
[42]
be decisive. Chambers et al
showed that ghrelindeficient mice continued to lose weight, had improved
glucose metabolism and inappetence for fatty foods
after SG. However, the authors warned that a possible
compensatory mechanism in ghrelin-deficient animals
may underestimate the effects of surgery. In favor
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of the beneficial effects of ghrelin reduction after SG,
an increase in ghrelin after weight loss by diet or by
[40,41]
other restrictive techniques has been observed
.
This suggests that weight loss triggers compensatory
mechanisms to recover weight that could be deleted
[43]
after SG .
Leptin, synthesized in white adipose tissue pro
[44]
portionally to the amount of body fat , reduces intake
and body weight through actions in the central nervous
system. In obesity, a decreased sensitivity to leptin
has been suggested, resulting in an inability to detect
[45]
satiety despite high energy stores . It is unclear
whether the improvement in leptin resistance plays a
direct role in weight loss after SG. While related genes
[46]
seem to increase its expression , recent studies
suggest that the reversal of leptin resistance could be
[47]
regulated by protein availability .
Increasing endocrine functions for bile acids have
been recognized and associated with an increased
GLP-1 response, carbohydrate metabolism improvement
[48]
and reducing liver steatosis . The increased serum
[49]
bile acid concentrations after SG are probably related
to rapid transit that will increase their availability in
the area of maximum absorption, the terminal ileum.
It also appears that these effects could be mediated
[50]
by the farsenoid X receptor (FXR), since Ryan et al
showed that this pathway is needed to improve glucose
metabolism, prevent compensatory hyperphagia and
maintain long-term weight loss after SG.
Another mechanism which potentially influences
the metabolic benefits of SG is the change in the gut
microbiome, which improves the flora composition
[50,51]
as in lean subjects
in a similar way to but less
striking than RYGB. Although the mechanisms are yet
to be discovered, the way is open to a complex and
[52]
promising system of host-bacteria interactions .
With a view of greater perspective, control energy
homeostasis involves a sophisticated communication
system among the gut, adipose tissue and central
[42,46]
nervous system
. Via hormonal and neural signals,
the central nervous system integrates the information
on what happens in the gut, e.g., type and amount of
ingested nutrients and on energy reserves and acts
by regulating appetite, satiety and feeding behavior.
For instance, against a negative energy balance, this
system could compensate by hyperphagia or increasing
preference for high-calorie food to restore normal
[46]
weight . In this respect, the key for the effectiveness
of SG as metabolic surgery appears to lie in preventing
these compensatory responses, modifying both hor
monal and neural signaling pathways or even leading
[47]
to changes at central level .

RESULTS
Weight loss

Although several studies have analyzed the efficacy of
SG compared with other techniques, few randomized
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Table 1 Randomized trials of bariatric surgery studies including laparoscopic sleeve gastrectomy
Ref.

Country

Follow-up
(mo)

Intervention
groups

Preoperative
2
BMI (kg/m )

Weight loss

T2DM

T2DM
remission

Langer et al[53]

Austria

6

Belgium

36

Taiwan

12

100%

93%
47%

FG < 126 mg/dL and A1c < 6.5%
without hypoglycemic therapy

Karamanakos
et al[56]
Kehagias et al[57]

Greece

12

Greece

36

FG < 126 mg/dL without
hypoglycemic therapy

12

Schauer et al[59]

USA

36

16.7%
16.7%
0%
0%
100%

80%
80%

Switzerland

45.1
46.6
44.9
45.8
44.7
46.7
36.2
37.0
36.8

61.4%EWL
28.7%EWL
66%EWL
48%EWL
76.3%EWL
94.4%EWL
69.7%EWL
60.5%EWL
68.5%EWL
62.1%EWL
65.6%EWL
77.0%EWL
81%EWL
88%EWL
13%EWL

10%
30%
NR

Lee et al[55]

48.3
46.7
39.0
37.0
30.3

NR

Himpens et al[54]

Schauer et al[60]

USA

12

36.2
37.0
36.8

21.1%TWL
24.5%TWL
4.2%TWL

Paluszkiewicz
et al[61]
Ramón et al[28]

Poland

12

Spain

12
12

46.1
48.6
43.5
44.2
45.5
47.0

67.6%EWL
64.2%EWL
NR

USA

SG (10)
LAGB (10)
SG (40)
LAGB (40)
SG (30)
RYGB (30)
SG (16)
RYG (16)
SG (30)
RYGB (30)
SG (11)
RYGB (12)
SG (50)
RYGB (50)
Medical
therapy (50)
SG (50)
RYGB (50)
Medical
therapy (50)
SG (36)
RYGB (36)
SG (8)
RYGB (7)
SG (45)
RYGB (45)

Peterli et al[58]

Vix et al[62]

82.9%EWL
80.3%EWL

T2DM remision criteria

26.5%
42%

A1c < 6.0% without
hypoglycemic therapy

100%

29%
46%
0%

A1c < 6.0% without
hypoglycemic therapy

27.8%
38.9%
25.0%
28.6%
8.9%
8.9%

40%
64.3%
100%
100%
NR

FG < 100 mg/dL and A1c < 6.0%
without hypoglycemic therapy
NR

BMI: Body mass index; T2DM: Type 2 diabetes mellitus; EWL: Excess weight loss; LABG: Laparoscopic adjustable gastric banding; FG: Fassting glucose;
SG: Sleeve gastrectomy; RYGB: Roux-en-Y gastric bypass; %EWL: Percentage excess weight loss; %TWL: Percentage total weight loss; NR: Not reported;
LAGB: Laparoscopic adjustable gastric banding.

clinical trials showing SG superiority in terms of weight
loss compared with other restrictive techniques such
as laparoscopic adjustable gastric banding (LAGB) and
[28,53-62]
similar to RYGB have been conducted (Table 1)
.
One of the main limitations of those clinical studies
was the small sample size that may have accounted
for the lack of differences with RYGB. In this regard,
[63]
Li et al
conducted a meta-analysis including 21
prospective and 12 retrospective studies with a total
of 1375 patients, and no differences were found in
excess percentage weight loss (%EWL) at 12 mo
between SG (67.1%) and RYGB (68.9%). The few
long-term observational studies indicate that although
patients regain weight after SG, they achieve a
“durable” long-term weight loss. A review of 16 longterm studies revealed %EWL to be 62.3%, 53.8%,
43% and 54.8% at 5, 6, 7 and 8 or more years of
[64]
[65]
follow-up, respectively . Similarly, Himpens et al
reported that patients regained weight over 3 to 6
years, but most subjects had maintained an %EWL
> 50% at 6 years. It is unclear whether this weight
regain after SG can justify that RYGB and SG cease to
be equally effective in the long term in terms of weight
[66]
loss. On the one hand, Lim et al found no difference
up to five years, although it is notable that a high
number of patients were lost to follow-up. Moreover,
a study by our group found that, unlike what occurs
during the first 4 years, RYGB was independently
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[67]

associated with greater weight loss than SG . This
weight regain after SG may have several potential
reasons. One could be gastric tube dilation. In this
[68]
respect, Weiner et al
published a weight regain
after SG associated with widening or enlargement of
the sleeve after surgery with increased capacity of
the gastric tube. A further possible explanation may
be incomplete resection of the gastric fundus where
ghrelin is produced.

Type 2 diabetes mellitus

Assessment of the effects of SG on diabetes mellitus
shows SG to be more than a restrictive bariatric surgery
procedure. Clinical studies with a 1-2-years followup showed that SG produced higher type 2 diabetes
mellitus remission rates than those obtained after other
[69]
restrictive techniques such as LAGB . Furthermore,
as with RYGB, this improvement occurred soon after
surgery when significant weight loss had not yet been
[70]
achieved . These findings could be attributed to
changes in the gut hormonal mechanisms previously
cited, such as increased GLP-1 secretion or decreased
ghrelin. Nevertheless, recent studies seem to show that
hormonal mechanisms would be crucial in the short
term but would outweigh other factors related to weight
loss such as hepatic and peripheral insulin sensitivity in
[31]
the medium to long term .
However, it is noteworthy that in most studies
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[76]

Table 2 Complication and mortality rates of the different
bariatric surgery techniques according to the American
College of Surgeons - Bariatric Surgery Center Network

30-d mortality
1-yr mortality
30-d morbidity
30-d readmission
30-d reoperation

LSG

LAGB

LRYGB

0.11
0.21
5.61
5.40
2.97

0.05
0.08
1.441
1.711
0.921

0.14
0.34
5.91
6.47
5.021

1

Statistically-significant differences compared with LSG. LSG: Laparoscopic
sleeve gastrectomy; LAGB: Laparoscopic adjustable gastric banding;
LRYGB: Laparoscopic Roux-Y-gastric bypass.

RYGB showed a trend toward greater improvement in
type 2 diabetes mellitus, which may suggest there was
a lack of power in those studies. This fact appeared
[63]
to be confirmed in the meta-analysis of Li et al
that
included 32 studies and 6,526 patients and in which
the diabetes remission rate was slightly higher with
RYGB (HR = 1.49, 95%CI: 1.04-2.12). This suggests
that SG would be placed slightly below RYGB and
clearly above other restrictive techniques in terms of
type 2 diabetes remission.
Results on the efficacy of SG in long-term diabetes
[23]
remission are also scant. Abbatini et al
reported a
type 2 diabetes remission rate up to three years of
80.9% with SG, similar to that obtained with RYGB
(81.2%) and higher than with LAGB (60.8%). Jiménez
[71]
et al
meanwhile detected no differences between
SG and RYGB in their cohort of 155 diabetic patients
followed for 35.4 ± 13.5 mo.

Hypertension

SG effectiveness in hypertension is greater than
other restrictive techniques and below RYGB. In
[72]
a systematic review, Braghetto et al
reported a
hypertension remission rate of 69% (55%-82%) for
SG, 45% (27%-56%) for LAGB and 81% (68%-88%)
[63]
for RYGB. Similarly, the meta-analysis of Li et al
detected HR of 1.47 (1.115-1.86) for hypertension
remission with RYGB. The superiority of SG over
LAGB can be justified by the fact that weight loss is a
[73]
crucial factor in achieving hypertension remission .
Moreover, the superiority of RYGB over SG can be
explained by the effects of incretin hormones on blood
pressure.

Dyslipidemia

Regarding lipid profile, like other restrictive tech
niques, SG has a neutral effect on LDL cholesterol
[74,75]
concentration
. Consistent with these results,
the hypercholesterolemia remission rate of in the
[63]
meta-analysis of Li et al
was higher for RYGB and
more clearly so than in other comorbidities (HR =
2.41, 95%CI: 1.87-3.11). Several data support the
hypothesis that the main factor involved in lowering
LDL cholesterol is the malabsorptive effect of the
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surgical technique. First, Pihlajamäki et al
found, as
expected based on observed weight loss, decreased
serum levels of cholesterol synthesis markers after
RYGB or gastric banding. However, a reduction in
cholesterol absorption markers was only observed
after RYGB, an effect not reported following gastric
banding. Second, a relationship exists between the
extent of intestinal bypass, which in turn relates to a
reduced intestinal absorption area, and the effects on
LDL cholesterol. This fact could explain the greater
reduction (50%) in LDL cholesterol concentrations seen
[77]
after purely malabsorptive techniques such as BPD
[78]
compared to the 17%-20% reported for RYGB , a
technique with a lower degree of malabsorption.
For HDL cholesterol, SG, like RYBG, produces an
increase in its concentration in the short term. We
must emphasize that, in a study by our group, the
[75]
increase in HDL cholesterol was higher for SG . This
finding needs to be corroborated by other studies.
Finally, with respect to triglycerides, weight
loss is the major factor involved in the reduction in
their concentration after different bariatric surgery
techniques. As in weight loss, no differences between
RYGB and SG in terms of triglyceridemia improvement
[75]
have been detected .

Gastroesophageal reflux

SG may worsen gastroesophageal reflux (GER) owing
to increased intragastric pressure, reduced gastric
emptying and decreased lower esophageal sphincter
pressure. On the other hand, acceleration of gastric
emptying and weight loss may improve GER. The
[65,79]
results of clinical studies are controversial
. This
controversy could be attributed to methodologic
differences in the evaluation of GER and the different
follow-up. Some authors proposed that randomized
clinical trials should be conducted and that standardized
criteria to define GER, validated questionnaires and
objective measurements such as pH monitoring should
[80]
be used to assess the effects of SG .

COMPLICATIONS
The introduction of different technical advances has
caused a dramatic reduction in bariatric surgeryrelated mortality. Thus, mortality in RYGB is 10 times
higher when performed in open surgery compared
[81]
with laparoscopy . Mortality after bariatric surgery
is currently low and no significant differences exist
among the different bariaric surgery techniques
according to data from the American College of
Surgeons - Bariatric Surgery Center Network including
[82]
28616 patients in 25 hospitals in the USA (Table 2) .
By contrast, both early complications (< 30 d) and
time of surgery for SG yield better results than RYGB
and slightly worse than LAGB.
Technical differences among surgeries may cause
certain complications that are characteristic of each
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technique. It should be noted that up to 20% of subjects
who undergo LAGB may require reoperation due to
[83]
complications related to the gastric band . These
reinterventions often occur in the medium to long term
and detract from the low rate of early complications after
LAGB. Moreover, after SG patients are free of the severe
[84]
complications of RYGB such as severe hypoglycemia ,
and others such as micronutrient deficiencies or
[85]
internal hernias are less frequent . Nevertheless,
nutritional deficiencies are not uncommon after SG, with
multivitamin therapy and postoperative follow-up being
[85]
recommended .
One of the most common and characteristic
complications of SG is staple line leak. Although
its prevalence is variable, a meta-analysis of 36
studies and 2570 patients showed a frequency
[86]
[87]
of 2.7% , but can be < 1% in expert hands .
Leaks occur in approximately 90% of cases in the
angle of His, leading to detection and therapy being
more complex than in RYGB. Different approaches
to their management have been proposed, ranging
from conservative treatment with fasting until
reoperation to a stent or endoscopic treatment by
placing clips, fibrin and pyloric dilation to reduce
[88]
intragastric pressure . Moreover, different staple
line reinforcement options have been tested and have
[89]
proven ineffective to prevent leaks .

SPECIAL POPULATIONS
In 1991, the National Institutes of Health (NIH) limited
bariatric surgery indication to subjects aged an age
between 18 and 60 years and who were very large (BMI
2
2
> 40 kg/m ) or large (BMI > 35 kg/m ) with obesity[90]
related complications . Since then, numerous studies
on adolescents, the elderly and subjects with BMI < 35
2
kg/m have been reported.
As in the general population, the prevalence of
obesity in children and adolescents has gradually
increased in recent years. In Spain, a rise from
13.9% in 2005 to 19.1% in 2011 was estimated
[91,92]
for this specific population
. There is currently a
paucity of data on the long-term efficacy of bariatric
surgery in this age range. Data available to date
show that SG is safe and effective in the short term
and is associated with minimal morbidity and 70%
[93]
comorbidity resolution . Moreover, SG may have
several advantages that render it the technique of
choice in obese adolescent candidates for bariatric
surgery. On the one hand, SG has a lower risk of late
complications such as dumping syndrome or nutritional
deficits that patients would suffer for the rest of their
lives. Moreover, in cases of significant weight gain,
patients could be reoperated on in a second step with
a malabsorptive technique.
In patients < 60 years of age RYGB is considered
the technique of choice ahead of LAGB given its better
[94]
risk-benefit ratio . In contrast, in subjects > 60
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years, the risk of surgical complications post-RYGB
increases significantly and has led some authors to
[95]
propose LAGB as the technique of choice . No data
on the efficacy and safety of SG in patients > 60 years
of age are available; however, if the results of patients
< 60 years are reproduced, then SG could become the
technique of choice in this age range.
In Spain, 17.5% of the population have obesity
grade 1 and are therefore without indication for
[96]
bariatric surgery according to the NIH . Conventional
treatment for obesity has proved ineffective in this
obese category, which has led to increased research
on the effects of bariatric surgery in this weight range.
Data currently available are scant and refer only to the
short term. Two clinical trials in subjects with BMI < 35
2
kg/m , including SG in one group, have been reported.
[59]
In the randomized controlled trial by Schauer et al ,
2
34% of subjects had a BMI < 35 kg/m ; weight loss
and diabetes remission with SG were greater than with
conventional treatment and comparable to RYGB (Table
[55]
1). Moreover, Lee et al
randomized 60 subjects to
SG or minigastric bypass. In that study, no differences
in weight loss between SG and minigastric bypass (94%
vs 76% EWL, respectively) were detected; however,
the diabetes remission rate was higher with minigastic
bypass (93% vs 47%). We must emphasize that SG
was a safe technique in both studies.
Recently, the International Federation for the
[97]
Surgery of Obesity
recommended that bariatric
surgery should be considered when sufficient weight
loss is not achieved after a reasonable period of time
with conventional treatment. The indication of bariatric
surgery must be based on more on comorbidities
than BMI levels, and these comorbidities should be
evaluated in the expected response to the bariatric
surgery compared with medical treatment. This
statement does not specify what the procedure of
choice would be at this BMI level. Given that one of
the main reasons to indicate bariatric surgery at this
BMI range may be the presence of type 2 diabetes
mellitus, SG can play a major role if the same results
are reproduced in terms of weight loss and diabetes
2
remission in subjects with BMI > 35 kg/m .
Patients with extreme obesity have a higher risk of
perioperative complications and mortality than those
2[98]
with a BMI < 50 kg/m
. As mentioned previously,
SG was initially designed as a first step before a
[1,2]
BPD in obese subjects at high risk . SG as a single
technique does not seem appropriate for extremely
obese patients since a high percentage maintain
2
[99]
a BMI > 40 kg/m in the medium term . Weight
loss and improvement in comorbidities after SG are
associated with improved Anesthesiologist American
Society (ASA) risk and consequently a reduced risk of
[100]
surgical complications . This approach of two steps
being safer that one step has proved effective in terms
of weight loss and improvement in comorbidities in
[86]
extremely-obese patients .
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Table 3 Sleeve gastrectomy may be preferable to other
procedures in the following situations

Table 4 Clinical outcomes of sleeve gastrectomy and Rouxen-Y gastric bypass

Extreme obesity (BMI > 50 kg/m2): first-step procedure
ASA IV morbidly-obese patient
Absence of hypercholesterolemia
To avoid drug malabsorption
Extreme ages
BMI of 35-40 kg/m2 with comorbidity
Class I obesity
Crohn’s disease
Prevent potential consequences of hypoglycemia in specific occupations

SG
Weight loss

No differences with RYGB
No differences with SG
67.1 %EWL at 12 mo[63]
68.9% EWL at 12 mo[63]
Type 2
Early improvement before
Slightly more effective
diabetes
significant weight loss
than SG. HR 1.49, 95%CI:
More effective than other 1.04-2.12 for type 2 diabetes
mellitus
restrictive techniques
remission
mellitus remission in favor
of RYGB[63]
Hypertension Greater efficacy than other
More effective than SG
remission
restrictive techniques
69% (55-82) Hypertension
HR of 1.47, 95%CI:
remission for SG and 45% 1.115-1.86 for Hypertension
(27-56) for LAGB[72]
remission in favor of
RYGB[63]
Dyslipidemia
Same as other
Clearly more effective than
remission
malabsorptive techniques,
SG. HR = 2.41, 95%CI:
no hypercholesterolemia
1.87-3.11 for Dyslipidemia
improvement
remission in favor of
RYGB[63]
Mortality
No differences (detailed in
No differences
table 2)
Surgical
Less surgical time, lowest Increased risk of nutritional
complications
30-d morbidity, 30-d
deficiencies
readmission and 30-d
reoperation. (detailed in
table 2)
Characteristic
Characteristic
complications: staple line
complications: severe
leaks (2.7%[86]; < 1% in
hypoglycemia
expert hands[87])
Long-term
Limited evidence
Effective and safe in the
results
long term
Other
Possibility of conversion to
advantages
a malabsorptive surgery

BMI: Body mass index.

FUTURE PERSPECTIVES AND
CONCLUSION
It can be concluded that SG can indeed be considered
more than a restrictive bariatric surgery procedure.
Its benefits are far more than those associated with
a reduction in gastric volume and its results in terms
of weight loss and improvement of comorbidities
are superior to those obtained with other restrictive
procedures. Additionally, SG offers further advantages
such as high efficiency, low technical complexity
and low rate of surgical complications. All these
characteristics render SG preferable to other pro
cedures in certain situations (Table 3) and may, in
a near future, place it as the next gold standard in
bariatric surgery at the expense of RYGB (Table 4).
However, long-term studies aimed at establishing SG
as non-inferior relative to the current gold standard,
RYGB, are required.
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Abstract
Hepatic encephalopathy (HE) is a severe neuropsychiatric
syndrome that most commonly occurs in decompen
sated liver cirrhosis and incorporates a spectrum
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of manifestations that ranges from mild cognitive
impairment to coma. Although the etiology of HE is
not completely understood, it is believed that multiple
underlying mechanisms are involved in the pathogenesis
of HE, and one of the main factors is thought to be
ammonia; however, the ammonia hypothesis in the
pathogenesis of HE is incomplete. Recently, it has
been increasingly demonstrated that inflammation,
including systemic inflammation, neuroinflammation
and endotoxemia, acts in concert with ammonia in the
pathogenesis of HE in cirrhotic patients. Meanwhile,
a good number of studies have found that current
therapies for HE, such as lactulose, rifaximin, probiotics
and the molecular adsorbent recirculating system, could
inhibit different types of inflammation, thereby improving
the neuropsychiatric manifestations and preventing
the progression of HE in cirrhotic patients. The antiinflammatory effects of these current therapies provide
a novel therapeutic approach for cirrhotic patients
with HE. The purpose of this review is to describe the
inflammatory mechanisms behind the etiology of HE in
cirrhosis and discuss the current therapies that target the
inflammatory pathogenesis of HE.

Core tip: Currently, inflammation appears to play a critical
role in the pathogenesis of hepatic encephalopathy (HE)
and is gradually being considered a critical therapeutic
target for HE in patients with liver cirrhosis. Current
therapies for HE, including lactulose, rifaximin, probiotics
and the molecular adsorbent recirculating system, have
been found to improve clinical manifestations and prevent
the progression of HE by ameliorating inflammation in
cirrhotic patients. This review will provide an overview
of the inflammatory pathogenesis of HE, focusing on the
recent findings on its therapeutic manipulation.
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Table 1 Classification of hepatic encephalopathy
Type
A
B

C

INTRODUCTION
Hepatic encephalopathy (HE) is a morbid neuro
psychiatric complication resulting from decompensated
liver disease or portosystemic shunting and is
characterized by disturbances of both cognitive and
motor functions, ranging from subtle psychometric
[1]
abnormalities to coma . According to the updated
guideline, HE is classified into three different types:
[1]
A, B and C (Table 1) . Subsequently, based on the
severity of the clinical manifestations, type C HE
is subdivided into covert HE (including minimal HE
and West-Haven grade Ⅰ HE) and overt HE (West[1]
Haven grades Ⅱ -Ⅳ HE) . Cirrhotic patients with
overt HE present a series of severe neuropsychiatric
manifestations, such as asterixis, dyspraxia, and even
progressing to stupor and coma. In contrast, minimal
HE exhibits trivial cognitive deficits that are only
detected using psychometric or neurophysiological
tests without the obvious manifestations of overt
[2]
HE . Minimal HE impairs cognitive functions and
health-related quality of life in cirrhotic patients and
is considered an important predictive factor for the
[3,4]
development of overt HE .
In spite of several decades of investigation, the
exact mechanisms responsible for the pathogenesis
of HE still have not been fully elucidated. Ammonia is
universally regarded as the major precipitating factor
in the pathogenesis of HE, and the vast majority of
the current therapies for HE are centered on reducing
the production and absorption of ammonia; however,
several studies have suggested that the concentration
of ammonia can be elevated in the absence of
symptoms of HE, and the ammonia concentration
is not always consistent with the severity of HE in
[5-7]
cirrhotic patients . Furthermore, approximately 20%
of patients with chronic liver failure and HE have been
found to be non-responsive to lactulose treatment,
and it has been demonstrated that non-absorbable
disaccharides do not reduce the mortality of cirrhotic
[8,9]
patients with HE . Apart from hyperammonemia,
various other pathogenic mechanisms, such as the
γ-aminobutyric acid (GABA) theory, the benzodiazepine
theory, the manganese theory and the theory of
oxidative/nitrosative stress, have been implicated in
[1]
the development of HE . Currently, it is believed that
HE is a result of multiple pathophysiologic mechanisms
that induce the functional impairment of the central
nervous system.
Over the past decade, increasing evidence has
indicated that inflammation, including systemic in
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Definition
Caused by acute liver failure
Secondary to portosystemic
bypass or shunting without
intrinsic liver disease
Results from chronic
liver disease, especially
decompensated cirrhosis

[1]

Subdivision

Covert HE (minimal HE and
West-Haven grade Ⅰ HE)
Overt HE (West-Haven grades
Ⅱ-Ⅳ HE)

HE: Hepatic encephalopathy.

flammation, neuroinflammation and endotoxemia,
plays an important role in the pathogenesis of HE, and
inflammation is gradually being considered a critical
[5,10,11]
therapeutic target for HE in cirrhotic patients
.
Meanwhile, the current therapies for HE, such as
lactulose, rifaximin, probiotics and the molecular
adsorbent recirculating system (MARS), have been
found to modulate the inflammatory response and
lower pro-inflammatory mediator levels, which help
to improve the clinical manifestations and delay the
[12-15]
progression of HE in cirrhotic patients (Figure 1)
.
These recent findings have demonstrated the possibility
of these therapies in ameliorating inflammation and
providing a novel and promising therapeutic alternative
for patients with HE secondary to liver cirrhosis. This
review summarizes the inflammatory mechanisms
implicated in the pathogenesis of HE and evaluates
the evidence of current therapies that target the
inflammatory pathogenesis of HE in clinical practice.

INFLAMMATORY PATHOGENESIS OF HE
IN CIRRHOSIS
Systemic inflammation

Cirrhotic patients are commonly found to have sub
stantial disturbances of intestinal flora, with significant
small intestinal overgrowth of potentially pathogenic
Gram-negative bacteria, including Enterobacteriaceae,
[16]
Alcaligenaceae and Streptococcaceae . Further
more, intestinal vascular congestion caused by portal
hypertension, oxidative damage of the intestinal
mucosa and the absence of mucosal immunoglobulin
A secretion in cirrhosis have been demonstrated to
result in increased intestinal permeability and intestinal
[17]
barrier dysfunction . Furthermore, ammonia induces
neutrophil and macrophage dysfunction and impairs
phagocytosis, which may culminate in a “sepsis[18,19]
like” immune paralysis
. These mechanisms
synergistically induce the bacterial translocation
that includes the migration of bacteria or bacterial
byproducts from the small intestine to the systemic
circulation, ultimately leading to spontaneous bacterial
peritonitis and further systemic infection in patients with
[20]
[21]
liver cirrhosis . The study by Caly et al has indicated
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Hepatic encephalopathy

Neuroinflammation

Neuron dysfunction

TNF-α/interleukins/chemokines

NO/prostanoids

Microglial activation

Astrocyte swelling

Endothelial cells

Blood-brain barrier

MARS
TNF-α/interleukins
Hyperammonemia
Lactulose
Rifaximin
Probiotics

Endotoxemia

Systemic inflammation/SIRS

Immune
dysfunction

Liver cirrhosis

Bacterial translocation

Enterobacteriaceae
Alcaligenaceae
Streptococcaceae

Lactulose
Rifaximin
Probiotics

Figure 1 The inflammatory pathogenesis of hepatic encephalopathy in liver cirrhosis. Lactulose, rifaximin, and probiotics not only reduce the circulating levels
of ammonia but also modulate intestinal flora, lower the endotoxemia and inhibit the production of pro-inflammatory cytokines. MARS treatment also decreases the
circulating levels of ammonia and pro-inflammatory cytokines.

that infection is the reason for hospital admission in
30% to 50% of cirrhotic patients, and 15% to 35%
of them ultimately develop nosocomial infections
during their hospital stay. Predominant infections
presented in decompensated cirrhosis are spontaneous
bacterial peritonitis, urinary tract infections, nosocomial
pneumonia, sepsis and even systemic inflammatory
[22]
response syndrome (SIRS) .
Circulating levels of pro-inflammatory cytokines,
including tumor necrosis factor-α (TNF-α) and inter
leukins (ILs), are significantly elevated in decom
[23]
pensated cirrhotic patients . These cytokines cannot
exert their direct effects on the brain because they are
unable to directly cross the blood-brain barrier (BBB).
However, recent studies have demonstrated that
TNF-α and IL-1β can influence the permeability of the
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BBB, and these peripheral cytokines exert their effects
on the brain via the following three pathways: (1)
peripheral tissues convey signals to the brain through
the activation of the vagus nerve’s afferent neurons; (2)
the brain vasculature sends signals through secondary
messengers that are produced in response to cytokines,
such as nitric oxide (NO) and prostanoids; and (3)
cytokines enter brain areas that lack the BBB, and,
[24]
subsequently, act at the brain parenchyma .
There is mounting clinical evidence for the role
of systemic inflammation in the development of
overt and minimal HE in cirrhotic patients. Serum
concentrations of TNF-α and IL-6 have been found to
correlate positively with the severity of overt HE in
decompensated cirrhotic patients, and TNF-α is believed
to be strongly involved in the pathogenesis of HE due

11817

November 7, 2015|Volume 21|Issue 41|

Luo M et al . Inflammation: A therapeutic target for HE
[25-27]

to chronic liver failure
. Furthermore, systemic
infection/SIRS, but not ammonia, was correlated with
increasing grades of overt HE in cirrhotic patients with
[5]
grades Ⅲ–Ⅳ HE . Similarly, serum levels of TNF-α,
IL-6 and IL-18 were associated with the severity of
minimal HE, and serum levels of IL-6 and IL-18 might
have the capacity to identify cirrhotic patients with
[28,29]
and without minimal HE
. In addition, Shawcross
[6]
et al have reported that the presence and severity
of minimal HE were not correlated with ammonia
concentrations, but serum levels of inflammatory
markers, including C-reactive protein and IL-6, were
significantly higher in cirrhotic patients with minimal
HE compared with those without, which indicated that
systemic inflammation is a critical determinant of the
presence and severity of minimal HE.

Neuroinflammation

Neuroinflammation is considered to be an inflam
matory response in the brain and is featured by
microglial activation and the cerebral production of
[10]
pro-inflammatory mediators . Neuroinflammation
is closely associated with systemic inflammation.
Vascular endothelial cells, along with astrocytes, are a
major constituent of the BBB. Endothelial cells induce
the release of different pro-inﬂammatory mediators
into the brain when they are stimulated by systemic
[30]
inflammation . For instance, endothelial cells have
receptors for TNF-α and IL-1β, and these receptors
convey signals that induce the synthesis of secondary
[31]
messengers in the brain, such as NO and prostanoids .
Moreover, microglial cells constitute the resident
macrophages of the brain and can be activated by proinﬂammatory mediators, releasing various types of
[32]
chemokines with inflammatory properties . These
mechanisms have been demonstrated to contribute to
the development of neuroinflammation in the brain.
Evidence for the role of neuroinflammation in the
pathogenesis of HE due to cirrhosis has recently been
provided by several animal experiments. Motor deficits,
psychomotor slowing and hypokinesia are commonly
presented in cirrhotic patients with HE, which can be
simulated in rats with a portacaval shunt (PCS) and bile
duct ligation (BDL), according to the recommendation
by the International Society for Hepatic Encephalopathy
[33]
and Nitrogen Metabolism (ISHEN) . A study by Cauli
[34]
et al
revealed that PCS rats exhibited increased
levels of IL-6 and increased activities of cyclooxygenase
and inducible NO synthase in the cerebral cortex,
indicating the presence of neuroinflammation. Subsequ
ently, chronic treatment with an anti-inflammatory
drug, ibuprofen, could normalize the activities of
cyclooxygenase and inducible NO synthase and
completely restore the learning ability of PCS rats. In
addition, BDL activated the microglia in the cerebellum,
increased levels of inducible NO synthase, IL-1β and
prostaglandin E2, and impaired the rats’ cognitive and
motor functions. Similarly, ibuprofen also ameliorated
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neuroinflammation and restored the cognitive and
[35]
motor functions of BDL rats . These findings indicate
that neuroinflammation contributes to cognitive and
motor alterations in experimental animal models of HE
and point to the possibility that the anti-inflammatory
treatment may improve cognitive deficits in cirrhotic
patients with HE. However, in cirrhotic patients with
HE, microglial activation has not been found to be
correlated with increased mRNA expression of TNF-a,
[36]
IL-1β and IL-6 in the cerebral cortex . Furthermore,
compared with the controls, mRNA profiles of these
cytokines remained unchanged in the brains of cirrhotic
patients with HE, despite an up-regulation of genes
[37]
associated with microglial activation . The underlying
reason responsible for this inconsistency is unclear;
thus, further studies are required to clarify the role of
neuroinflammation in the inflammatory pathogenesis
of HE secondary to liver cirrhosis.

Endotoxemia

Due to intestinal bacterial translocation and portosystemic
shunting, endotoxin, the lipopolysaccharide in the
outer membrane of Gram-negative bacteria, enters the
systemic circulation and is responsible for long-standing
[17]
endotoxemia . Endotoxin is able to activate immune
cells either through activating Toll-like receptors or by
[38]
inducing the production of pro-inﬂammatory cytokines .
Similar to pro-inflammatory cytokines, endotoxin also
cannot cross the BBB, but it increases BBB permeability
and acts on the brain parenchyma through endothelial
cell receptor interactions with the downstream production
[39,40]
of NO and prostanoid
.
[41]
Henry et al
found that a peripheral lipopoly
saccharide injection induced a hyperactive microglial
activation in the brains of mice and resulted in a
significant induction of mRNA expression of both IL1β and IL-10 in the cerebral cortex of aged mice. In
addition, lipopolysaccharide that was injected into the
rats’ hippocampus could lead to microglial activation
and increased production of TNF-α and IL-1β in the
hippocampus, inducing a reduction of glutamatergic
transmission that led to learning and memory deficits
[42]
without neuronal cell death . Endotoxemia without
sepsis has been reported in patients with liver cirrhosis
and was found to be associated with an increased
[43]
incidence of overt HE and mortality in these patients .
[11]
Moreover, a study by Jain et al
showed that serum
levels of endotoxin were correlated with the severity
of minimal HE due to cirrhosis. Endotoxemia may play
a crucial role in the inflammatory pathogenesis of HE,
especially in compensated cirrhotic patients without
evidence of proven infection.

Ammonia-inflammation synergism

Decompensated cirrhosis results in both systemic
inflammation and hyperammonemia. At the cellular
level, TNF-α and IL-6 influence the permeability of
the BBB, and human cerebrovascular endothelial cells
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increased ammonia uptake when exposed to TNF-α
[44]
in vitro . On the background of hyperammonemia,
neuroinflammation involving both pro-inﬂammatory
and neurotransmitter pathways can be induced by
[45]
systemic inﬂammatory stimulus . Furthermore,
hyperammonemia leads to lactate accumulation in
the brain, and both systemic inflammation and brain
lactate accumulation lead to microglial activation and
[46]
the increased production of TNF-α, IL-1β and IL-6 .
Therefore, it is believed that ammonia potentially acts
in concert with inflammation in a synergistic manner in
the pathogenesis of HE.
[47]
Marini et al
found that mice with chronic hype
rammonemia exhibited prolonged cognitive and motor
deficits when treated with a lipopolysaccharide stimulus.
Furthermore, chronic hyperammonemia has been
found to induce microglial activation and subsequent
neuroinﬂammation that were associated with the
[35]
cognitive and motor deficits of BDL rats . In a study
[48]
by Jover et al , although both BDL and ammonia-fed
BDL rats exhibited microglial activation in the brain,
ammonia-fed BDL rats showed severe motor deficits
compared to BDL rats, whose motor functions seemed
only mildly influenced. Likewise, cirrhotic patients
with systemic inflammation and hyperammonemia
also showed significant impairments of cognitive and
[49]
motor functions. For example, Shawcross et al
have
reported that systemic infection/SIRS exacerbated
the neuropsychological deterioration induced by
hyperammonemia in cirrhotic patients with overt HE.
Moreover, in cirrhotic patients with minimal HE, there
were considerable cognitive impairments following
induced hyperammonemia during infection, but not
[6]
[50]
after its resolution . In addition, Felipo et al
have
found that hyperammonemia or inflammation alone did
not result in cognitive impairments, but the synergistic
effect of hyperammonemia and inflammation was
sufficient to induce cognitive impairments in cirrhotic
patients with minimal HE. This evidence suggests
that, on the background of cirrhosis, inflammation
and its mediators modulate the cerebral effect of
hyperammonemia, and there is a synergistic relationship
between hyperammonemia and inflammation in the
pathogenesis of HE in liver cirrhosis.

CURRENT THERAPIES TARGETING THE
INFLAMMATORY PATHOGENESIS OF HE
Non-absorbable disaccharides

Non-absorbable disaccharides, including lactulose
and lactitol, lower the production and absorption of
ammonia and are traditionally considered the current
mainstay therapy for HE. Recently, emerging studies
have indicated that non-absorbable disaccharides
not only reduce circulating levels of ammonia but
also decrease those of pro-inflammatory cytokines
[51]
and endotoxin. For example, Jia et al
showed that
lactulose lowered the level of hyper-endotoxemia,

WJG|www.wjgnet.com

improved the cognitive and motor functions, and
decreased the incidence of minimal HE in a rat model.
Similarly, in cirrhotic patients with minimal HE,
lactulose regulated the stool microbiome, lowered
the level of serum endotoxin, inhibited the production
of TNF-α, IL-2, IL-6 and IL-13, and consequently,
[12]
improved their psychometric function . Moreover, a
[11]
study by Jain et al
revealed that lactulose inhibited
intestinal bacterial overgrowth, significantly reduced
the serum concentrations of TNF-α, IL-6, IL-18 and
endotoxin, and subsequently improved cognitive
functions in cirrhotic patients with minimal HE. By
contrast, lactulose withdrawal resulted in a mixed
inflammatory response and cognitive deterioration
[52]
in cirrhotic patients with minimal HE . In addition,
lactulose improved cognitive and motor functions in
cirrhotic patients with minimal HE, which helped to
improve health-related quality of life, prevent motor
[3,53]
vehicle accidents and reduce societal costs
. For
cirrhotic patients with overt HE, a meta-analysis of
randomized clinical trials showed that lactulose had
beneficial effects on overt HE manifestations, and
lactulose has been demonstrated to be efficacious in
[54,55]
the secondary prevention of overt HE
. Given their
cost and availability, non-absorbable disaccharides are
likely to remain a well-used therapy in HE.
The side effects of non-absorbable disaccharide
treatment include flatulence, diarrhea, abdominal
pain and intestinal malabsorption, resulting in fre
[56]
quent noncompliance in cirrhotic patients with HE .
Additionally, despite substantial evidence of the
beneficial effects of non-absorbable disaccharides,
their efficacy and safety for HE have been recently
questioned. For example, a Cochrane review revealed
that clinical trials with high methodological quality found
no significant effect of non-absorbable disaccharides
[56]
on the risk of no improvement in HE and mortality .
Thus, there has been insufficient evidence to determine
whether non-absorbable disaccharides are of benefit to
cirrhotic patients with HE, and more high-quality studies
are required in the future.

Rifaximin

Antibiotics are able to eliminate pathogenic Gramnegative bacteria in the intestinal tract, inhibit bac
terial translocation, and consequently, decrease the
overproduction of pro-inflammatory cytokines and
endotoxin. Prominent antibiotics used in the treatment
of HE are neomycin, metronidazole, vancomycin and
rifaximin; however, extensive side-effect profiles and
the potential for bacterial antimicrobial resistance have
limited the utility of most of these antibiotics in treating
HE, with the exception of rifaximin, which is the only
systematically studied antibiotic and has substantial
[57]
clinical evidence .
Rifaximin is a non-absorbable antibiotic with
wide antimicrobial activity against both aerobic and
[58]
anaerobic Gram-negative bacteria . Recently,
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[59]

Vlachogiannakos et al
found that selective in
testinal decontamination with a rifaximin regimen
significantly ameliorated endotoxemia in patients with
decompensated alcohol-related cirrhosis. Furthermore,
[60,61]
the studies by Kalambokis et al
revealed that
rifaximin could decrease serum concentrations of
TNF-α, IL-6 and endotoxin in patients with alcoholic
cirrhosis. In cirrhotic patients with minimal HE, rifa
ximin was found to alter intestinal bacterial linkages
with metabolites without considerable changes in
the intestinal flora, decrease the circulating levels
[13]
of endotoxemia, and improve cognitive function .
These results indicate that rifaximin can regulate the
intestinal flora, reduce the production of endotoxin and
pro-inflammatory cytokines and ultimately improve
cognitive function in cirrhotic patients with HE.
The clinical efficacy of rifaximin as a treatment for
HE has been extensively explored in several clinical
trials. For example, a prospective randomized, doubleblind, controlled trial found that rifaximin signifi
cantly improved mental state, electroencephalogram
irregularities and portal-systemic encephalopathy
index in cirrhotic patients with grades Ⅰ -Ⅲ acute
[62]
HE . Compared with lactulose, treatment of HE with
rifaximin was correlated with decreased hospitalization
duration, lower hospitalization expenses and better
[63]
clinical manifestations . Moreover, a large, double[64]
blinded, randomized, controlled study by Bass et al
has demonstrated that rifaximin not only significantly
reduced the risk of hospitalization involving HE but
also effectively maintained remission from HE. In
these clinical trials, rifaximin was well-tolerated, and
fewer adverse events were reported compared with
treatments with non-absorbable disaccharides. These
results suggest that rifaximin may be an effective
alternative treatment to non-absorbable disaccharides
in treating HE, with an acceptable side effect profile.
As mentioned above, lactulose has no beneficial
impact on the mortality of cirrhotic patients with
[65]
HE. Different from lactulose, Sharma et al
have
demonstrated that rifaximin significantly reduced
the mortality of cirrhotic patients with HE, and the
combination of lactulose plus rifaximin was more
effective than lactulose alone in the treatment of HE.
Furthermore, a systematic review with meta-analysis
[66]
by Kimer et al
showed that rifaximin increased
the proportion of patients whose neuropsychiatric
manifestations improved and reduced mortality, which
indicated that rifaximin should be used for secondary
prevention of HE; however, although rifaximin did
result in lower readmission rates for HE at half a year,
the addition of rifaximin to lactulose for treating acute
[67]
HE did not reduce hospital length of stay . Therefore,
the efficiency of combined treatment with lactulose
plus rifaximin should be further evaluated by more
randomized and controlled clinical trials.

Probiotics

Probiotics are living beneficial bacteria in the intestinal
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tract, and they are able to inhibit the activity of
bacterial ureases, modulate intestinal pH values,
[68]
and ultimately, reduce ammonia absorption .
Recently, probiotics have been reported to inhibit the
bacterial activators of Toll-like receptors (TLRs), lower
endogenous levels of IL-10 and TLR-4 expression,
and ultimately, restore neutrophil phagocytic activity
[69]
in alcohol-related cirrhotic patients . Furthermore,
probiotics modulate derangements in gut microbiota
via inhibiting the overgrowth of pathogenic bacteria
and prevent bacterial translocation, thus significantly
lowering serum levels of endotoxin, which may help to
inhibit the production and activity of pro-inflammatory
[70]
cytokines .
The past decade has witnessed an upsurge
of interest in the utility of probiotics for treating
minimal HE in cirrhotic patients. For instance, in a
phase Ⅰ clinical trial, the probiotic Lactobacillus GG
reduced Enterobacteriaceae, increased the relative
abundance of Clostridiales Incertae Sedis XIV and
Lachnospiraceae, and further decreased endotoxemia
and serum concentrations of TNF-α in cirrhotic patients
with minimal HE, suggesting that Lactobacillus GG
modulates intestinal dysbiosis and prevents systemic
[14]
inflammatory response in these patients . During this
study, however, there was no significant improvement
in cognitive functions before or after Lactobacillus GG
treatment, and Lactobacillus GG was correlated with a
markedly higher percent of self-limited diarrhea, which
gives impetus to further studies regarding probiotics for
treating minimal HE in cirrhotic patients. In addition,
synbiotics (i.e., probiotics and fermentable fiber)
treatment significantly increased the fecal content of
the non-urease-producing Lactobacillus species at the
expense of these other bacterial species, which was
correlated with a marked decrease in endotoxemia and
[71]
a reversal of minimal HE in 50% of cirrhotic patients .
Furthermore, a multi-strain probiotic compound
containing Lactobacillus, Bifidobacterium strains and
S. thermophiles improved the neuropsychological
manifestations of cirrhotic patients with minimal HE,
and these probiotics had longer-term therapeutic
[72]
effects than lactulose . Moreover, probiotic VSL#3
was found to be non-inferior to the standard therapy,
[73]
lactulose, in treating minimal HE . Nevertheless, a
[74]
meta-analysis by Shukla et al revealed that lactulose
appeared to have the most beneficial effect in minimal
HE, followed by probiotics and synbiotics. Probiotics
may take the place of lactulose for the standard
treatment of minimal HE, but this possibility should be
evaluated by more controlled trials that compare their
efficacy.
In the above-mentioned clinical trials, the side
effects of probiotics were reported to be mild, and
there have been no reported adverse events related
to treatment with probiotics in minimal HE; however,
[75]
a randomized, controlled trial by Besselink et al
revealed that probiotics did not reduce the risk of
infectious complications, and they were correlated
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with an increased risk of mortality in patients with
predicted severe acute pancreatitis. Similarly, whether
oral supplementation with probiotics may induce
infectious complications in cirrhotic patients with HE
requires further investigation, especially in those with
severe infection. Furthermore, an updated meta[76]
analysis by Xu et al
found that although probiotics
significantly prevented the development of HE, they
did not affect serum ammonia levels or cirrhotic
patients’ mortality. In addition, a Cochrane review by
[77]
McGee et al
showed that there was no sufficient
evidence of clinically significant improvement in HE
treated with probiotics, and probiotics were especially
shown to have no benefit to mortality. Therefore, the
use of probiotics for cirrhotic patients with HE cannot
be currently recommended, and rigorous clinical
evaluation in randomized controlled trials is required.

and standard medical therapy. Moreover, although
the neurological manifestations of patients with HE
were improved, no significant change in the serum
concentrations of TNF-α, IL-6 and IL-8 was observed
before vs after MARS treatment in ACLF, and MARS
treatment did not exhibit a clearly identifiable efficacy
[83]
in eliminating these circulating cytokines . Although
the above-mentioned clinical trials support the fact
that MARS treatment is of benefit to the improve
ment of HE, these trials did not specifically evaluate
the efficacy of MARS treatment in HE and were
designed to only examine the improvements of ACLF.
Therefore, the therapeutic effect of MARS treatment
on the inflammatory pathogenesis of HE awaits the
completion of further clinical trials.

MARS

HE is a serious neuropsychiatric complication of liver
cirrhosis, and inflammation is a critical participating
factor in the pathogenesis of HE. As mentioned above,
existing therapies including lactulose, rifaximin,
probiotics and MARS have been demonstrated to be
beneficial for HE in cirrhotic patients by ameliorating the
inflammatory pathogenesis of HE. These recent findings
indicate that inflammation should be considered an
important therapeutic target for HE and also point to
the possibility that anti-inflammatory therapies will
be promising alternatives for the treatment of HE
in cirrhotic patients; however, the efficacy of these
alternatives has not been fully confirmed and their
safety is still questioned. Furthermore, the influence of
these alternatives on the prognosis of cirrhotic patients
with HE has remained controversial. Therefore, in the
future, more multi-center, randomized, controlled trials
are required to evaluate the efficacy and safety of
these alternatives.

Extracorporeal albumin dialysis, especially MARS, is
a new method of hemodiafiltration in which blood is
dialyzed against an albumin-containing solution across
a high-flux membrane, which allows for the combined
elimination of albumin-bound and water-soluble
[78]
toxins. A Cochrane review by Liu et al revealed that
MARS treatment reduced the mortality of patients
with acute-on-chronic liver failure (ACLF) and had a
[79]
beneficial effect on HE. For example, Dominik et al
reported that treatment with MARS decreased the
serum concentrations of TNF-α and IL-6 in patients
[15]
with ACLF due to cirrhosis. In a study by Guo et al ,
MARS treatment significantly decreased serum levels
of TNF-α, IL-6, IL-8 and INF-γ, which was associated
with improvements of HE in ACLF. Furthermore,
[80]
results of a study by Sen et al
showed that MARS
treatment improved HE manifestations in patients with
inflammation-related ACLF, and the main therapeutic
effect of MARS was on other inflammatory mediators,
such as NO, that were reduced by a combination of
their elimination and decreased production. Taken
together, these results suggest that MARS is regarded
as a potentially effective alternative for eliminating
inflammatory mediators from the circulation and
ameliorating HE manifestations in ACLF patients who
fail to respond to conventional therapy.
MARS has been demonstrated to be beneficial
for HE secondary to ACLF; however, its efficacy
did not appear to be associated with alterations in
the serum levels of pro-inﬂammatory cytokines. In
[81]
patients with ACLF, Stadlbauer et al
found that
cytokines were eliminated from plasma by MARS
treatment; however, MARS could not lower the serum
cytokines levels. This difference may be attributed to
increased cytokine production in ACLF. Furthermore,
[82]
a prospective, multi-center trial by Hassanein et al
revealed that although MARS treatment improved
grades Ⅲ and Ⅳ HE earlier than standard medical
therapy in ACLF patients, there was no significant
difference in SIRS scores between MARS treatment

WJG|www.wjgnet.com

CONCLUSION

REFERENCES
1

2
3

4

5
6

11821

Vilstrup H, Amodio P, Bajaj J, Cordoba J, Ferenci P, Mullen KD,
Weissenborn K, Wong P. Hepatic encephalopathy in chronic liver
disease: 2014 Practice Guideline by the American Association for the
Study of Liver Diseases and the European Association for the Study
of the Liver. Hepatology 2014; 60: 715-735 [PMID: 25042402 DOI:
10.1002/hep.27210]
Ortiz M, Jacas C, Córdoba J. Minimal hepatic encephalopathy:
diagnosis, clinical significance and recommendations. J Hepatol
2005; 42 Suppl: S45-S53 [PMID: 15777572 DOI: 10.1016/j.jhep]
Prasad S, Dhiman RK, Duseja A, Chawla YK, Sharma A, Agarwal
R. Lactulose improves cognitive functions and health-related
quality of life in patients with cirrhosis who have minimal hepatic
encephalopathy. Hepatology 2007; 45: 549-559 [PMID: 17326150
DOI: 10.1002/hep]
Bajaj JS, Saeian K, Verber MD, Hischke D, Hoffmann RG, Franco
J, Varma RR, Rao SM. Inhibitory control test is a simple method to
diagnose minimal hepatic encephalopathy and predict development
of overt hepatic encephalopathy. Am J Gastroenterol 2007; 102:
754-760 [PMID: 17222319 DOI: 10.1111/j.1572-0241.2007.01048.x]
Castro-Tavares J. Effects of isoprenaline and phenylephrine on
plasma potassium: role of the liver. Arch Int Pharmacodyn Ther
1975; 218: 110-119 [PMID: 2116 DOI: 10.1016/j.jhep.2010.07.045]
Shawcross DL, Wright G, Olde Damink SW, Jalan R. Role of

November 7, 2015|Volume 21|Issue 41|

Luo M et al . Inflammation: A therapeutic target for HE

7

8

9
10
11

12

13

14

15

16

17
18

19

20
21
22

ammonia and inflammation in minimal hepatic encephalopathy.
Metab Brain Dis 2007; 22: 125-138 [PMID: 17260161 DOI:
10.1007/s11011-006-9042-1]
Ong JP, Aggarwal A, Krieger D, Easley KA, Karafa MT, Van Lente
F, Arroliga AC, Mullen KD. Correlation between ammonia levels
and the severity of hepatic encephalopathy. Am J Med 2003; 114:
188-193 [PMID: 12637132 DOI: 10.1016/S0002-9343(02)01477-8]
Sharma P, Sharma BC, Sarin SK. Predictors of nonresponse to
lactulose in patients with cirrhosis and hepatic encephalopathy. Eur
J Gastroenterol Hepatol 2010; 22: 526-531 [PMID: 20009938 DOI:
10.1097/MEG.0b013e3283341b7d]
Als-Nielsen B, Gluud LL, Gluud C. Non-absorbable disaccharides
for hepatic encephalopathy: systematic review of randomised trials.
BMJ 2004; 328: 1046 [PMID: 15054035]
Butterworth RF. The liver-brain axis in liver failure: neuro
inflammation and encephalopathy. Nat Rev Gastroenterol Hepatol
2013; 10: 522-528 [PMID: 23817325 DOI: 10.1038/nrgastro]
Jain L, Sharma BC, Srivastava S, Puri SK, Sharma P, Sarin S.
Serum endotoxin, inflammatory mediators, and magnetic resonance
spectroscopy before and after treatment in patients with minimal
hepatic encephalopathy. J Gastroenterol Hepatol 2013; 28:
1187-1193 [PMID: 23425082 DOI: 10.1111/jgh.12160]
Bajaj JS, Ridlon JM, Hylemon PB, Thacker LR, Heuman DM,
Smith S, Sikaroodi M, Gillevet PM. Linkage of gut microbiome with
cognition in hepatic encephalopathy. Am J Physiol Gastrointest Liver
Physiol 2012; 302: G168-G175 [PMID: 21940902 DOI: 10.1152/
ajpgi.00190]
Bajaj JS, Heuman DM, Sanyal AJ, Hylemon PB, Sterling RK,
Stravitz RT, Fuchs M, Ridlon JM, Daita K, Monteith P, Noble NA,
White MB, Fisher A, Sikaroodi M, Rangwala H, Gillevet PM.
Modulation of the metabiome by rifaximin in patients with cirrhosis
and minimal hepatic encephalopathy. PLoS One 2013; 8: e60042
[PMID: 23565181 DOI: 10.1371/journal.pone]
Bajaj JS, Heuman DM, Hylemon PB, Sanyal AJ, Puri P, Sterling
RK, Luketic V, Stravitz RT, Siddiqui MS, Fuchs M, Thacker LR,
Wade JB, Daita K, Sistrun S, White MB, Noble NA, Thorpe C,
Kakiyama G, Pandak WM, Sikaroodi M, Gillevet PM. Randomised
clinical trial: Lactobacillus GG modulates gut microbiome,
metabolome and endotoxemia in patients with cirrhosis. Aliment
Pharmacol Ther 2014; 39: 1113-1125 [PMID: 24628464 DOI:
10.1111/apt.12695]
Guo LM, Liu JY, Xu DZ, Li BS, Han H, Wang LH, Zhang WY,
Lu LH, Guo X, Sun FX, Zhang HY, Liu XD, Zhang JP, Yao Y, He
ZP, Wang MM. Application of Molecular Adsorbents Recirculating
System to remove NO and cytokines in severe liver failure patients
with multiple organ dysfunction syndrome. Liver Int 2003; 23 Suppl
3: 16-20 [PMID: 12950956 DOI: 10.1034/j.1478]
Garcovich M, Zocco MA, Roccarina D, Ponziani FR, Gasbarrini
A. Prevention and treatment of hepatic encephalopathy: focusing on
gut microbiota. World J Gastroenterol 2012; 18: 6693-6700 [PMID:
23239905 DOI: 10.3748/wjg.v18.i46.6693]
Bellot P, Francés R, Such J. Pathological bacterial translocation in
cirrhosis: pathophysiology, diagnosis and clinical implications. Liver
Int 2013; 33: 31-39 [PMID: 23121656]
Shawcross DL, Wright GA, Stadlbauer V, Hodges SJ, Davies
NA, Wheeler-Jones C, Pitsillides AA, Jalan R. Ammonia impairs
neutrophil phagocytic function in liver disease. Hepatology 2008;
48: 1202-1212 [PMID: 18697192 DOI: 10.1002/hep.22474]
Wasmuth HE, Kunz D, Yagmur E, Timmer-Stranghöner A, Vidacek
D, Siewert E, Bach J, Geier A, Purucker EA, Gressner AM, Matern
S, Lammert F. Patients with acute on chronic liver failure display
“sepsis-like” immune paralysis. J Hepatol 2005; 42: 195-201 [PMID:
15664244 DOI: 10.1016/j.jhep.2004.10.019]
Wiest R, Lawson M, Geuking M. Pathological bacterial
translocation in liver cirrhosis. J Hepatol 2014; 60: 197-209 [PMID:
23993913 DOI: 10.1016/j.jhep.2013.07.044]
Caly WR, Strauss E. A prospective study of bacterial infections
in patients with cirrhosis. J Hepatol 1993; 18: 353-358 [PMID:
8228129]
Fernández J, Navasa M, Gómez J, Colmenero J, Vila J, Arroyo

WJG|www.wjgnet.com

23
24
25

26

27
28

29

30
31
32

33

34

35

36

37

38

39

11822

V, Rodés J. Bacterial infections in cirrhosis: epidemiological
changes with invasive procedures and norfloxacin prophylaxis.
Hepatology 2002; 35: 140-148 [PMID: 11786970 DOI: 10.1053/
jhep.2002.30082]
Tilg H, Wilmer A, Vogel W, Herold M, Nölchen B, Judmaier
G, Huber C. Serum levels of cytokines in chronic liver diseases.
Gastroenterology 1992; 103: 264-274 [PMID: 1612333]
Licinio J, Wong ML. Pathways and mechanisms for cytokine
signaling of the central nervous system. J Clin Invest 1997; 100:
2941-2947 [PMID: 9399938 DOI: 10.1172/JCI119846]
Odeh M, Sabo E, Srugo I, Oliven A. Serum levels of tumor necrosis
factor-alpha correlate with severity of hepatic encephalopathy due to
chronic liver failure. Liver Int 2004; 24: 110-116 [PMID: 15078474
DOI: 10.1111/j.1478-3231.2004.0894.x]
Jain L, Sharma BC, Sharma P, Srivastava S, Agrawal A, Sarin
SK. Serum endotoxin and inflammatory mediators in patients with
cirrhosis and hepatic encephalopathy. Dig Liver Dis 2012; 44:
1027-1031 [PMID: 22883217 DOI: 10.1016/j.dld.2012.07.002]
Odeh M. Pathogenesis of hepatic encephalopathy: the tumour
necrosis factor-alpha theory. Eur J Clin Invest 2007; 37: 291-304
[PMID: 17373965 DOI: 10.1111/j.1365-2362.2007.01778.x]
Montoliu C, Piedrafita B, Serra MA, del Olmo JA, Urios A, Rodrigo
JM, Felipo V. IL-6 and IL-18 in blood may discriminate cirrhotic
patients with and without minimal hepatic encephalopathy. J Clin
Gastroenterol 2009; 43: 272-279 [PMID: 18562979 DOI: 10.1097/
MCG.0b013]
Luo M, Li L, Yang EN, Cao WK. Relationship between interleukin-6
and ammonia in patients with minimal hepatic encephalopathy
due to liver cirrhosis. Hepatol Res 2012; 42: 1202-1210 [PMID:
22646055 DOI: 10.1111/j.1872-034X.2012.01047.x]
Saper CB. The dance of the perivascular and endothelial cells:
mechanisms of brain response to immune signaling. Neuron 2010;
65: 4-6 [PMID: 20152108 DOI: 10.1016/j.neuron.2009.12.029]
Schiltz JC, Sawchenko PE. Signaling the brain in systemic
inflammation: the role of perivascular cells. Front Biosci 2003; 8:
s1321-s1329 [PMID: 12957837]
Hinkerohe D, Smikalla D, Haghikia A, Heupel K, Haase CG,
Dermietzel R, Faustmann PM. Effects of cytokines on microglial
phenotypes and astroglial coupling in an inflammatory coculture
model. Glia 2005; 52: 85-97 [PMID: 15920725 DOI: 10.1002/
glia.20223]
Butterworth RF, Norenberg MD, Felipo V, Ferenci P, Albrecht J,
Blei AT. Experimental models of hepatic encephalopathy: ISHEN
guidelines. Liver Int 2009; 29: 783-788 [PMID: 19638106 DOI:
10.1111/j.1478-3231.2009.02034.x]
Cauli O, Rodrigo R, Piedrafita B, Boix J, Felipo V. Inflammation
and hepatic encephalopathy: ibuprofen restores learning ability in
rats with portacaval shunts. Hepatology 2007; 46: 514-519 [PMID:
17659565 DOI: 10.1002/hep.21734]
Rodrigo R, Cauli O, Gomez-Pinedo U, Agusti A, HernandezRabaza V, Garcia-Verdugo JM, Felipo V. Hyperammonemia induces
neuroinflammation that contributes to cognitive impairment in rats
with hepatic encephalopathy. Gastroenterology 2010; 139: 675-684
[PMID: 20303348 DOI: 10.1053/j.gastro.2010.03.040]
Zemtsova I, Görg B, Keitel V, Bidmon HJ, Schrör K, Häussinger D.
Microglia activation in hepatic encephalopathy in rats and humans.
Hepatology 2011; 54: 204-215 [PMID: 21452284 DOI: 10.1002/
hep.24326]
Görg B, Bidmon HJ, Häussinger D. Gene expression profiling in the
cerebral cortex of patients with cirrhosis with and without hepatic
encephalopathy. Hepatology 2013; 57: 2436-2447 [PMID: 23325665
DOI: 10.1002/hep.26265]
Manigold T, Böcker U, Hanck C, Gundt J, Traber P, Antoni
C, Rossol S. Differential expression of toll-like receptors 2 and
4 in patients with liver cirrhosis. Eur J Gastroenterol Hepatol
2003; 15: 275-282 [PMID: 12610323 DOI: 10.1097/01.
meg.0000050010.68425.cb]
Wong D, Dorovini-Zis K, Vincent SR. Cytokines, nitric oxide,
and cGMP modulate the permeability of an in vitro model of the
human blood-brain barrier. Exp Neurol 2004; 190: 446-455 [PMID:

November 7, 2015|Volume 21|Issue 41|

Luo M et al . Inflammation: A therapeutic target for HE

40

41

42

43

44

45

46

47
48

49

50

51

52

53

54

15530883 DOI: 10.1016/j.expneurol.2004.08.008]
Chastre A, Bélanger M, Nguyen BN, Butterworth RF. Lipo
polysaccharide precipitates hepatic encephalopathy and increases
blood-brain barrier permeability in mice with acute liver failure.
Liver Int 2014; 34: 353-361 [PMID: 23910048 DOI: 10.1111/
liv.12252]
Henry CJ, Huang Y, Wynne AM, Godbout JP. Peripheral lipopoly
saccharide (LPS) challenge promotes microglial hyperactivity in
aged mice that is associated with exaggerated induction of both
pro-inflammatory IL-1beta and anti-inflammatory IL-10 cytokines.
Brain Behav Immun 2009; 23: 309-317 [PMID: 18814846 DOI:
10.1016/j.bbi.2008.09.002]
Tanaka S, Ide M, Shibutani T, Ohtaki H, Numazawa S, Shioda S,
Yoshida T. Lipopolysaccharide-induced microglial activation induces
learning and memory deficits without neuronal cell death in rats. J
Neurosci Res 2006; 83: 557-566 [PMID: 16429444]
Bigatello LM, Broitman SA, Fattori L, Di Paoli M, Pontello M,
Bevilacqua G, Nespoli A. Endotoxemia, encephalopathy, and
mortality in cirrhotic patients. Am J Gastroenterol 1987; 82: 11-15
[PMID: 3799574]
Duchini A, Govindarajan S, Santucci M, Zampi G, Hofman
FM. Effects of tumor necrosis factor-alpha and interleukin-6 on
fluid-phase permeability and ammonia diffusion in CNS-derived
endothelial cells. J Investig Med 1996; 44: 474-482 [PMID:
8952229]
Shawcross DL, Shabbir SS, Taylor NJ, Hughes RD. Ammonia
and the neutrophil in the pathogenesis of hepatic encephalopathy in
cirrhosis. Hepatology 2010; 51: 1062-1069 [PMID: 19890967 DOI:
10.1002/hep.23367]
Andersson AK, Rönnbäck L, Hansson E. Lactate induces
tumour necrosis factor-alpha, interleukin-6 and interleukin-1beta
release in microglial- and astroglial-enriched primary cultures. J
Neurochem 2005; 93: 1327-1333 [PMID: 15934951 DOI: 10.1111/
j.1471-4159.2005.03132.x]
Marini JC, Broussard SR. Hyperammonemia increases sensitivity
to LPS. Mol Genet Metab 2006; 88: 131-137 [PMID: 16497529
DOI: 10.1016/j.ymgme.2005.12.013]
Jover R, Rodrigo R, Felipo V, Insausti R, Sáez-Valero J, GarcíaAyllón MS, Suárez I, Candela A, Compañ A, Esteban A, Cauli O,
Ausó E, Rodríguez E, Gutiérrez A, Girona E, Erceg S, Berbel P,
Pérez-Mateo M. Brain edema and inflammatory activation in bile
duct ligated rats with diet-induced hyperammonemia: A model
of hepatic encephalopathy in cirrhosis. Hepatology 2006; 43:
1257-1266 [PMID: 16729306 DOI: 10.1002/hep.21180]
Shawcross DL, Davies NA, Williams R, Jalan R. Systemic
inflammatory response exacerbates the neuropsychological effects of
induced hyperammonemia in cirrhosis. J Hepatol 2004; 40: 247-254
[PMID: 14739095 DOI: 10.1016/j.jhep.2003.10.016]
Felipo V, Urios A, Montesinos E, Molina I, Garcia-Torres ML,
Civera M, Olmo JA, Ortega J, Martinez-Valls J, Serra MA,
Cassinello N, Wassel A, Jordá E, Montoliu C. Contribution of
hyperammonemia and inflammatory factors to cognitive impairment
in minimal hepatic encephalopathy. Metab Brain Dis 2012; 27:
51-58 [PMID: 22072427 DOI: 10.1007/s11011-011]
Jia L, Zhang MH. Comparison of probiotics and lactulose in the
treatment of minimal hepatic encephalopathy in rats. World J
Gastroenterol 2005; 11: 908-911 [PMID: 15682492 DOI: 10.3748/
wjg.v11.i6.908]
Bajaj JS, Gillevet PM, Patel NR, Ahluwalia V, Ridlon JM,
Kettenmann B, Schubert CM, Sikaroodi M, Heuman DM, Crossey
MM, Bell DE, Hylemon PB, Fatouros PP, Taylor-Robinson SD. A
longitudinal systems biology analysis of lactulose withdrawal in
hepatic encephalopathy. Metab Brain Dis 2012; 27: 205-215 [PMID:
22527995 DOI: 10.1007/s11011-012-9303-0]
Bajaj JS, Pinkerton SD, Sanyal AJ, Heuman DM. Diagnosis and
treatment of minimal hepatic encephalopathy to prevent motor
vehicle accidents: a cost-effectiveness analysis. Hepatology 2012;
55: 1164-1171 [PMID: 22135042 DOI: 10.1002/hep.25507]
Gluud LL, Dam G, Borre M, Les I, Cordoba J, Marchesini G,
Aagaard NK, Vilstrup H. Lactulose, rifaximin or branched chain

WJG|www.wjgnet.com

55

56
57
58
59

60

61

62

63

64

65

66

67

68

69

70

11823

amino acids for hepatic encephalopathy: what is the evidence?
Metab Brain Dis 2013; 28: 221-225 [PMID: 23275147 DOI:
10.1007/s11011-012-9372-0]
Sharma BC, Sharma P, Agrawal A, Sarin SK. Secondary
prophylaxis of hepatic encephalopathy: an open-label randomized
controlled trial of lactulose versus placebo. Gastroenterology 2009;
137: 885-91, 891.e1 [PMID: 19501587 DOI: 10.1053/j.gastro.2009]
Als-Nielsen B, Gluud LL, Gluud C. Nonabsorbable disaccharides
for hepatic encephalopathy. Cochrane Database Syst Rev 2004; (2):
CD003044 [PMID: 15106187 DOI: 10.1002/14651858]
Patidar KR, Bajaj JS. Antibiotics for the treatment of hepatic
encephalopathy. Metab Brain Dis 2013; 28: 307-312 [PMID:
23389621 DOI: 10.1007/s11011-013-9383-5]
Scarpignato C, Pelosini I. Experimental and clinical pharmacology
of rifaximin, a gastrointestinal selective antibiotic. Digestion 2006;
73 Suppl 1: 13-27 [PMID: 16498249]
Vlachogiannakos J, Saveriadis AS, Viazis N, Theodoropoulos
I, Foudoulis K, Manolakopoulos S, Raptis S, Karamanolis DG.
Intestinal decontamination improves liver haemodynamics in
patients with alcohol-related decompensated cirrhosis. Aliment
Pharmacol Ther 2009; 29: 992-999 [PMID: 19210289 DOI:
10.1111/j.1365-2036.2009.03958.x]
Kalambokis GN, Mouzaki A, Rodi M, Pappas K, Fotopoulos
A, Xourgia X, Tsianos EV. Rifaximin improves systemic
hemodynamics and renal function in patients with alcohol-related
cirrhosis and ascites. Clin Gastroenterol Hepatol 2012; 10: 815-818
[PMID: 22391344 DOI: 10.1016/j.cgh.2012.02.025]
Kalambokis GN, Mouzaki A, Rodi M, Tsianos EV. Rifaximin
improves thrombocytopenia in patients with alcoholic cirrhosis in
association with reduction of endotoxaemia. Liver Int 2012; 32:
467-475 [PMID: 22098272 DOI: 10.1111/j.1478-3231.2011.02650.
x]
Mas A, Rodés J, Sunyer L, Rodrigo L, Planas R, Vargas V, Castells
L, Rodríguez-Martínez D, Fernández-Rodríguez C, Coll I, Pardo A.
Comparison of rifaximin and lactitol in the treatment of acute hepatic
encephalopathy: results of a randomized, double-blind, doubledummy, controlled clinical trial. J Hepatol 2003; 38: 51-58 [PMID:
12480560 DOI: 10.1016/S0168-8278]
Leevy CB, Phillips JA. Hospitalizations during the use of rifaximin
versus lactulose for the treatment of hepatic encephalopathy. Dig
Dis Sci 2007; 52: 737-741 [PMID: 17245628 DOI: 10.1007/
s10620-006-9442-4]
Bass NM, Mullen KD, Sanyal A, Poordad F, Neff G, Leevy
CB, Sigal S, Sheikh MY, Beavers K, Frederick T, Teperman L,
Hillebrand D, Huang S, Merchant K, Shaw A, Bortey E, Forbes WP.
Rifaximin treatment in hepatic encephalopathy. N Engl J Med 2010;
362: 1071-1081 [PMID: 20335583 DOI: 10.1056/NEJMoa0907893]
Sharma BC, Sharma P, Lunia MK, Srivastava S, Goyal R, Sarin SK.
A randomized, double-blind, controlled trial comparing rifaximin
plus lactulose with lactulose alone in treatment of overt hepatic
encephalopathy. Am J Gastroenterol 2013; 108: 1458-1463 [PMID:
23877348 DOI: 10.1038/ajg.2013.219]
Kimer N, Krag A, Møller S, Bendtsen F, Gluud LL. Systematic
review with meta-analysis: the effects of rifaximin in hepatic
encephalopathy. Aliment Pharmacol Ther 2014; 40: 123-132 [PMID:
24849268 DOI: 10.1111/apt.12803]
Courson A, Jones GM, Twilla JD. Treatment of Acute Hepatic
Encephalopathy: Comparing the Effects of Adding Rifaximin to
Lactulose on Patient Outcomes. J Pharm Pract 2015; Epub ahead of
print [PMID: 25586470 DOI: 10.1177/0897190014566312]
Cesaro C, Tiso A, Del Prete A, Cariello R, Tuccillo C, Cotticelli G,
Del Vecchio Blanco C, Loguercio C. Gut microbiota and probiotics
in chronic liver diseases. Dig Liver Dis 2011; 43: 431-438 [PMID:
21163715 DOI: 10.1016/j.dld.2010.10.015]
Stadlbauer V, Mookerjee RP, Hodges S, Wright GA, Davies
NA, Jalan R. Effect of probiotic treatment on deranged neutrophil
function and cytokine responses in patients with compensated
alcoholic cirrhosis. J Hepatol 2008; 48: 945-951 [PMID: 18433921
DOI: 10.1016/j.jhep.2008]
Albillos A, de la Hera A. Multifactorial gut barrier failure in cirrhosis

November 7, 2015|Volume 21|Issue 41|

Luo M et al . Inflammation: A therapeutic target for HE

71

72

73

74

75

76

and bacterial translocation: working out the role of probiotics and
antioxidants. J Hepatol 2002; 37: 523-526 [PMID: 12217607 DOI:
10.1016/S0168-8278(02)00265-9]
Liu Q, Duan ZP, Ha DK, Bengmark S, Kurtovic J, Riordan SM.
Synbiotic modulation of gut flora: effect on minimal hepatic
encephalopathy in patients with cirrhosis. Hepatology 2004; 39:
1441-1449 [PMID: 15122774 DOI: 10.1002/hep.20194]
Shavakhi A, Hashemi H, Tabesh E, Derakhshan Z, Farzamnia
S, Meshkinfar S, Shavakhi S, Minakari M, Gholamrezaei A.
Multistrain probiotic and lactulose in the treatment of minimal
hepatic encephalopathy. J Res Med Sci 2014; 19: 703-708 [PMID:
25422653]
Pratap Mouli V, Benjamin J, Bhushan Singh M, Mani K, Garg
SK, Saraya A, Joshi YK. Effect of probiotic VSL#3 in the treatment
of minimal hepatic encephalopathy: A non-inferiority randomized
controlled trial. Hepatol Res 2015; 45: 880-889 [PMID: 25266207
DOI: 10.1111/hepr.12429]
Shukla S, Shukla A, Mehboob S, Guha S. Meta-analysis: the effects
of gut flora modulation using prebiotics, probiotics and synbiotics on
minimal hepatic encephalopathy. Aliment Pharmacol Ther 2011; 33:
662-671 [PMID: 21251030 DOI: 10.1111/j.1365-2036.2010.04574]
Besselink MG, van Santvoort HC, Buskens E, Boermeester MA,
van Goor H, Timmerman HM, Nieuwenhuijs VB, Bollen TL, van
Ramshorst B, Witteman BJ, Rosman C, Ploeg RJ, Brink MA,
Schaapherder AF, Dejong CH, Wahab PJ, van Laarhoven CJ, van
der Harst E, van Eijck CH, Cuesta MA, Akkermans LM, Gooszen
HG. Probiotic prophylaxis in predicted severe acute pancreatitis:
a randomised, double-blind, placebo-controlled trial. Lancet
2008; 371: 651-659 [PMID: 18279948 DOI: 10.1016/S01406736(08)60207-X]
Xu J, Ma R, Chen LF, Zhao LJ, Chen K, Zhang RB. Effects of
probiotic therapy on hepatic encephalopathy in patients with liver
cirrhosis: an updated meta-analysis of six randomized controlled

77

78

79

80

81

82

83

trials. Hepatobiliary Pancreat Dis Int 2014; 13: 354-360 [PMID:
25100119]
McGee RG, Bakens A, Wiley K, Riordan SM, Webster AC.
Probiotics for patients with hepatic encephalopathy. Cochrane
Database Syst Rev 2011; (11): CD008716 [PMID: 22071855 DOI:
10.1002/14651858.CD008716.pub2]
Liu JP, Gluud LL, Als-Nielsen B, Gluud C. Artificial and
bioartificial support systems for liver failure. Cochrane Database
Syst Rev 2004; (1): CD003628 [PMID: 14974025 DOI:
10.1002/14651]
Dominik A, Stange J, Pfensig C, Borufka L, Weiss-Reining H,
Eggert M. Reduction of elevated cytokine levels in acute/acuteon-chronic liver failure using super-large pore albumin dialysis
treatment: an in vitro study. Ther Apher Dial 2014; 18: 347-352
[PMID: 24215331 DOI: 10.1111/1744-9987.12146]
Sen S, Davies NA, Mookerjee RP, Cheshire LM, Hodges SJ,
Williams R, Jalan R. Pathophysiological effects of albumin dialysis
in acute-on-chronic liver failure: a randomized controlled study.
Liver Transpl 2004; 10: 1109-1119 [PMID: 15350001 DOI: 10.1002/
lt.20236]
Stadlbauer V, Krisper P, Aigner R, Haditsch B, Jung A, Lackner
C, Stauber RE. Effect of extracorporeal liver support by MARS and
Prometheus on serum cytokines in acute-on-chronic liver failure.
Crit Care 2006; 10: R169 [PMID: 17156425 DOI: 10.1186/cc5119]
Hassanein TI, Tofteng F, Brown RS, McGuire B, Lynch P, Mehta
R, Larsen FS, Gornbein J, Stange J, Blei AT. Randomized controlled
study of extracorporeal albumin dialysis for hepatic encephalopathy
in advanced cirrhosis. Hepatology 2007; 46: 1853-1862 [PMID:
17975845 DOI: 10.1002/hep.21930]
Ilonen I, Koivusalo AM, Höckerstedt K, Isoniemi H. Albumin
dialysis has no clear effect on cytokine levels in patients with lifethreatening liver insufficiency. Transplant Proc 2006; 38: 3540-3543
[PMID: 17175326 DOI: 10.1016/j.transproceed.2006.10.058]
P- Reviewer: Elsiesy H, Makhlouf NA, Ristic-Medic D
S- Editor: Yu J L- Editor: Wang TQ E- Editor: Wang CH

WJG|www.wjgnet.com

11824

November 7, 2015|Volume 21|Issue 41|

World J Gastroenterol 2015 November 7; 21(41): 11825-11831
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i41.11825

© 2015 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Role of oats in celiac disease
Isabel Comino, María de Lourdes Moreno, Carolina Sousa
Isabel Comino, María de Lourdes Moreno, Carolina Sousa,
Departamento de Microbiología y Parasitología, Facultad de
Farmacia, Universidad de Sevilla, 41012 Sevilla, Spain
Author contributions: Comino I and Moreno ML researched
the topic; Comino I and Sousa C wrote the manuscript and
reviewed the final manuscript.
Conflict-of-interest statement: No potential conflicts of
interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Carolina Sousa, PhD, Departamento de
Microbiología y Parasitología, Facultad de Farmacia, Universidad
de Sevilla, C/Profesor García González 2, 41012 Sevilla,
Spain. csoumar@us.es
Telephone: +34-954-556452
Fax: +34-954-628162
Received: June 27, 2015
Peer-review started: June 30, 2015
First decision: July 20, 2015
Revised: September 2, 2015
Accepted: September 15, 2015
Article in press: September 15, 2015
Published online: November 7, 2015

Key words: Oats; Celiac disease; Gluten-free diet
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Symptoms of celiac disease are triggered by
an abnormal reaction to gluten, and the only treatment
for celiac disease is the patient’s adherence to a strict
gluten-free diet. While inclusion of oats in a gluten-free
diet might improve its overall nutritional value, their
use in such diets remains controversial. This review
summarizes recent advances made in understanding
the nutritional properties of oats and their role in celiac
disease.

Abstract
A gluten-free diet is currently the only effective means
of treating individuals with celiac disease. Such a diet
enables celiac patients to control their symptoms
and avoid various complications associated with this
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condition. However, while the quality of gluten-free
foods has significantly improved during recent decades,
maintenance of a gluten-free diet does not necessarily
ensure adequate nutritional intake. Because oats
are an important source of proteins, lipids, vitamins,
minerals, and fibre, their inclusion in a gluten-free
diet might improve the nutritional status of a celiac
patient. Although oats are included in the list of glutenfree ingredients specified in European regulations,
their safety when consumed by celiac patients remains
debatable. Some studies claim that pure oats are
safe for most celiac people, and contamination with
other cereal sources is the main problem facing
people with this disease. However, it is necessary to
consider that oats include many varieties, containing
various amino acid sequences and showing different
immunoreactivities associated with toxic prolamins.
As a result, several studies have shown that the
immunogenicity of oats varies depending on the cultivar
consumed. Thus, it is essential to thoroughly study
the variety of oats used in a food ingredient before
including it in a gluten-free diet.

Comino I, Moreno ML, Sousa C. Role of oats in celiac disease.
World J Gastroenterol 2015; 21(41): 11825-11831 Available
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for inclusion in a GFD. However, while oats might
improve the nutritional value of a GFD, their safety for
consumption by celiac patients has been the subject of
controversy.

i41/11825.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i41.11825

INTRODUCTION
Celiac disease (CD) is a lifelong autoimmune disease
characterized by an aberrant inflammatory response
to dietary gluten in genetically susceptible individuals.
CD is one of the most common chronic digestive
disorders, and afflicts about 1% of the population in
Western countries; moreover, recent studies suggest
[1,2]
that its prevalence is increasing . Certain individuals
show a strong and complex genetic predisposition to
this disease. Although 95% of celiac patients are HLADQ2 or -DQ8 positive, the presence of these alleles
[3,4]
is not strongly predictive for the disease . In recent
years, the clinical spectrum of CD patients has been
expanded to include asymptomatic individuals, as
well as individuals with minimal symptoms (the most
[5-7]
difficult to detect) and extra-intestinal symptoms .
However, regardless of its symptomatic presentation,
virtually all cases of active CD occur after the sus
ceptible individual has received dietary exposure to the
environmental antigen, gluten. In patients with CD,
the ingestion of gluten proteins contained in wheat,
barley, and rye results in characteristic inflammation,
villous atrophy, and crypt hyperplasia in the upper
[5]
small intestine .
During the early 1980s, the spectrum of glutenrelated disorders was relatively simple: CD and
dermatitis herpetiformis (CD of the skin). While a
gluten-free diet (GFD) is still recommended for all
patients with CD, the area of CD research is changing
rapidly, and wheat allergies, gluten ataxia, and
nonceliac gluten sensitivity have recently been added
[8]
as new gluten-related topics for study . The only
treatment for these disorders remains adherence to a
GFD; however, many patients experience persistent
CD-related symptoms despite their best efforts to
avoid dietary gluten. A GFD is expensive and difficult
to maintain because many products made from
gluten-containing grains are Western dietary staples.
Moreover, the contents of a GFD do not always ensure
[9,10]
that an individual receives adequate nutrition
. In
fact, medical problems related to inadequate nutrition
have been described in CD patients following their longterm treatment with a strict GFD. Such observations
might possibly be explained by the composition and
nutritional quality of commercially available glutenfree products. While individuals on a GFD need to
replace wheat, barley, rye, and their derivatives with
foods derived from naturally gluten-free cereal grains
(e.g., rice, corn, buckwheat, sorghum, etc.), but the
recommended amounts of fibre, iron and calcium can
be more difficult to obtain on such a diet and good
[11]
planning is required . Oats contain both soluble
and insoluble dietary fibre, B-complex vitamins, iron,
[12,13]
and proteins
, and have recently been considered

WJG|www.wjgnet.com

NUTRITIONAL AND PHARMACOLOGICAL
PROPERTIES OF OATS
Composition

Oat grain is characterized by its good taste and
dietetic properties, as well as an ability to stimulate
metabolic changes in the bodies of humans and
animals. Furthermore, oat grain is a rich source of
proteins with favourable amino acid contents and high
nutritional value, and as other beneficial ingredients
including dietary fibre, antioxidants, vitamins, phenolic
compounds, minerals, and essential unsaturated fatty
[14-16]
acids
. When compared with other cereal grains,
oat grain contains larger amounts of total protein and
crude fat, and a small amount of crude fibre. The
major nutritional components of oats are shown in
Table 1.

Health benefits

Several studies have described oats as a functional
food with the ability to lower blood cholesterol and
sugar levels, reduce hypertension, help control
childhood asthma, reduce body weight, and also
provide immunomodulatory, antioxidant, and antia
[14,17-19]
therogenic effects
(Table 2). Oats also contain
significant amounts of vitamins, minerals, fibre,
and phytochemicals that regulate intestinal transit
times and increase the production of butyrate and/or
other faecal short chain fatty acids produced by gut
microflora. As a result, the long-term dietary intake
of oats or oat bran might benefit patients suffering
from inflammatory bowel disease, ulcerative colitis,
colorectal adenoma or cancer. However, further studies
are required to accurately assess the benefits provided
by increased oat consumption when treating bowel
[20]
disorders .
Additionally, due to the well-established effect of
oats on the risk for coronary heart disease, in 1997
the United States Food and Drug Administration (FDA)
approved the heart-health benefit claim shown on the
label of many foods containing soluble fibre derived
from oats. Moreover, in 2010, a European Food Safety
Authority (EFSA) panel concluded that current scientific
evidence supports the following two-part statement:
“Oat β-glucan has been shown to lower/reduce blood
cholesterol. Blood cholesterol lowering may reduce the
risk of coronary heart disease”.

OATS AND CELIAC DISEASE
Oat avenins

As the prolamin components of oat seeds, the
avenins are known to exist as both monomers and
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Table 1 Main nutritional components of oats
Components
Proteins

Properties

Ref.

Albumins, globulins, prolamins, and glutenins

Carbohydrates

Lipids
Antioxidants

Oats are distinct among cereals due to their higher protein
[50, 51]
concentration and distinct protein composition. The major storage
proteins are globulins
β-glucan, glucose, fructose, pentosans, saccharose,
β-glucan is the most important component because it is a constituent [52, 53]
kestose, neokestose, bifurcose, neobifurcose, acid
of the dietary fibre obtained from oats. β-glucan has important
galactoarabinoxylan, etc
functional and nutritional properties, and exhibits a high viscosity at
relatively low concentrations
Oat lipids are highly unsaturated and contain
Oats, after corn, have the highest lipid content of any cereal. Oat lipids [54, 55]
several essential fatty acids
include very high levels of antioxidants
Vitamin E (tocols), phytic acid, phenolic compounds,
Antioxidants may reduce serum cholesterol concentrations, and
[55]
avenanthramides, flavonoids, and sterols
inhibit the growth of certain cancer cells

Table 2 Health benefits of oats
Effect

Findings

Ref.

Hypocholesterolemic

An effect derived from β-glucan content, and demonstrated in normal and hypercholesterolemic subjects. The
statistical significance of this cholesterol reduction has been variable, and remains controversial
Hypoglycaemic
Studies have suggested that oat consumption can significantly decrease insulin response, fasting blood glucose
levels, and the incidence of postprandial hyperglycaemia. However, some studies have failed to identify a dietrelated effect on glycaemic control or a person’s insulinemic response to oat-enriched products
Prevention of cancer
Selenium, present in oats, is involved in DNA repair and associated with a reduced risk for cancer; especially
colon cancer. Furthermore, it is found in foods with a high fibre content
Reduction of hypertension Soluble fibre-rich whole oats may be effective when consumed as dietary therapy for the prevention and adjunct
treatment of hypertension
Immunomodulatory
β-glucans act by stimulating the immune system and inhibiting the growth of various bacteria, viruses, fungi,
and parasites
Antioxidant
Oats contain chemicals with potential antioxidant properties; e.g., vitamin E (tocols), phytic acid, and phenolic
compounds, etc
Antiatherogenic
In vivo studies of atherosclerosis showed that oat bran reduced plasma cholesterol levels. However, it was
difficult to determine whether its antiatherogenic effect was a result of reduced plasma cholesterol alone, or if
additional effects of other oat components contributed to the result
Obesity control
Studies revealed that oats effectively reduced obesity, as well as indexes of serum lipid levels and liver function.
These effects were observed when using β-glucan with the proper molecular weight

[21]

disulfide-linked aggregates . Similar to other cereal
prolamins, the avenin polypeptides in oats tend to be
rich in proline and glutamine, and the protein regions
enriched in these two amino acids are associated
with elicitation of CD. However, when compared to
prolamins in other cereal grains, oat prolamins show
the following differences in their molecular size,
percentage, and amino acid content: (1) prolamins
account for 10%-20% of the total protein in oats,
compared to 40%-50% of the total protein in
[22,23]
wheat
; (2) among the accepted prolamins, those
found in maize, sorghum, and rice generally have the
lowest contents of proline and glutamine (25%-30%),
while prolamines in the Triticeae tribe (wheat, barley,
and rye) can have proline plus glutamine contents
that exceed 70% of their total amino acids. In
contrast, proline and glutamine generally comprise
35%-50% of amino acids found in the prolamins of
[24]
oats ; (3) in contrast to the single longer repetitive
domain found in Triticeae prolamins, oat avenins
contain two shorter domains with high contents of
[24]
proline and glutamine ; and (4) the disulfide pattern
in oat prolamins is different from those reported in
[25]
wheat γ-gliadins
and low molecular weight (LMW)-
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[15, 18]
[56-58]

[59-61]
[62]
[63]
[55]
[64]

[14, 52]

[26]

glutenins . In particular, the tandem cysteines at
positions 145-146 in oat prolamins form a disulfide
bond. This is in contrast to wheat proteins, where the
two tandem cysteines are bonded to more distant
[24]
cysteines within the prolamin .
Despite these reported differences, the avenins have
not been well studied. As a result, the complete avenin
genes described in current genetic databases represent
only a few genotypes, and the variability displayed by
[21]
avenin genes in oats is not well represented .

Clinical studies

The inclusion of oats in gluten-free foods is con
troversial, as previous studies have shown contra
dictory results regarding their toxicity. Janatuinen
[27]
et al
conducted the first controlled study on the
toxic effects of oats in CD patients, and since that
time several other similar investigations have been
conducted. Some researchers have claimed that
celiac patients can consume oats and show no
[12,28-31]
signs of intestinal inflammation
. In a study
[32,33]
conducted by Størsrud et al
, a small number of
adult celiac subjects consumed pure oats (93 g/d) for
2 years with no reported adverse effects. The same
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researchers also conducted a study in which a group
of celiac children ingested a median of 43 g (up to
[34]
81 g/d) of oats daily for 2 years
with no adverse
effects. Moreover, a randomized double-blind study
conducted with newly diagnosed CD children showed
that consumption of an oat-containing GFD for 1
year did not interfere with their clinical, serological or
small bowel mucosal recovery. However, despite those
results, 26% of the children in the oat-containing
GFD group withdrew from that study for unknown
[34,35]
reasons
.
While the previously mentioned studies appear
to support the safety of oat consumption by celiac
patients, the results of other studies suggest that
regular consumption of certain types of oats may
be impossible for such patients, due to their toxic
effects. Those studies revealed that oats can trigger
[28,36-38]
an immune reaction in celiac patients
that
results in activation of mucosal T-cells, subsequent
[37]
gut inflammation, and eventual villous atrophy . In
those patients, the immune response against avenins
may have been triggered by a mechanism similar to
that which triggers a response to gluten contained in
[36]
wheat, rye, or barley. Lundin et al
studied 19 celiac
patients who consumed 50 grams of oats/day for 12
wk, and found that one patient was oat sensitive. CD
[39,40]
patients have circulating anti-avenin antibodies
,
and a recent study revealed that dietary oats can alter
the mRNA immune status of intestinal mucosa cells;
suggesting T-cell activation and the presence of leaky
[41]
tight-junctions . Such findings indicate the need to
distinguish between groups of celiac patients based
on their sensitivity to different cereal grains, and also
to identify the source of immunogenicity in avenin
peptides.

Maerkning/Codex%20standard%20for%20gluten.
pdf), oats can be tolerated by most but not all people
who are intolerant to gluten. Therefore, whether
oats that are not contaminated with wheat, rye or
barley and are contained in foods covered by this
standard can be considered safe for consumption
by celiac patients may eventually be determined
at the national level. Moreover, according to Com
mission Regulation (EC) No 41/2009 (http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:
L:2009:016:0003:0005:EN:PDF), which addresses
the composition and labelling of foodstuffs suitable
for people intolerant to gluten, the risk that oats may
become contaminated with wheat, rye or barley during
grain harvesting, transport, storage or processing
remains a major concern. Therefore, the risk that
oat-containing products might be contaminated with
exogenous gluten should be taken into consideration
when creating their labels.
Some studies have utilized the R5 ELISA method to
determine the level of contamination in wheat, barley,
[42-44]
[43]
or rye in oat products
. Koerner et al
used this
method to confirm that the commercial oat supply in
Canada is heavily contaminated with gluten from other
grains. For example, about 88% of the tested oat
samples (n = 133) showed a gluten level > 20 mg/kg.
However, the problem with using this method is that
the R5 antibody can react with certain types of pure
[45]
oat seed ; hence, a test result suggesting “suspected
contamination” from exogenous toxic cereal grains
may not be real, due the R5 antibody reacting with
certain amino acid sequences in the native oat
proteins.

Gluten contamination of commercial oat products

Differences in the type of oat grain, oat purity, study
design, as well as the specifications for gluten-free
products in different countries, are some reasons
why the current studies have not clearly established
whether or not oats can be safely consumed by all
celiac patients. These apparent contradictions might
be explained by the fact that the oat varieties used in
the diverse studies were different in regards to their
prolamin genes, protein amino acid sequences, and
[46,47]
the immunoreactivities of their toxic prolamins
.
Our research group conducted a study using
nine different varieties of oats obtained from various
Australian and Spanish commercial sources, and
demonstrated that oat immunogenicity varies de
[45]
pending on the cultivar used . The oat grains were
carefully inspected, controlled to maintain purity, and
shown to be free of contamination. An analysis of DNA
amplification products confirmed that the oat samples
were not contaminated with wheat, barley, rye, or any
mixture of these grains. The toxicity of each oat variety
was evaluated using a moAb G12 immunoassay. The
antibody used in the assay was obtained from the

The phrase “pure oats” is used to describe oats that
after being analysed using current test methods,
appear to be uncontaminated with gluten from other
closely related cereal grains, such as wheat, barley,
and rye. However, the differences in the oat products
used and the testing and reporting of the purity of oats
further limited a comprehensive safety assessment.
When studying literature reports, the study design
or protocol did not always clearly describe the specifi
cations used for defining “pure and uncontaminated”
oats. While the most recent reports usually indicate
whether the oats used in a particular study were tested
for purity, many studies fail to indicate the lower limit
of detection for their testing techniques or the cut-off
values used when reporting that oat samples were free
of gluten from other cereal grains.
According to the Codex Standard for food for
special dietary use by persons intolerant to gluten,
CODEX STAN118-1979 (revised 2008, http://www.
foedevarestyrelsen.dk/SiteCollectionDocuments/
25_PDF_word_filer%20til%20download/07kontor/
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Diversity in potential immunogenicity depends on oat
cultivars
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α-2 gliadin 33-mer peptide, which is one of the most
toxic peptides for CD patients. The nine varieties of
oats were classified into three groups (high reactivity,
intermediate activity, and no reactivity) based on their
moAb G12 reactivity. We found that reactivity with
the anti-33-mer moAb shown by the different oat
varieties was correlated with T-cell proliferation and
interferon gamma production by blood T-cells isolated
from CD patients. These results suggest that a moAb
G12-based immunotechnique may be a pragmatic
method for evaluating the potential immunotoxicity of
[45,48]
commercial cereals and grains
.
Subsequent studies confirmed a direct correlation
between the immunogenicity of the different varieties
of oats and the presence of specific peptides with
higher/lower potential immunotoxicity. This finding
may explain why certain varieties of oats produce
toxic effects when consumed by celiac patients, while
[21,49]
others produce no adverse effects
. Moreover, oat
peptides obtained from toxic cultivars have showed to
differentially stimulate bona fide circulating dendritic
cells obtained from celiac patients.
While inclusion of oats in a GFD might be beneficial
due to their nutritional and health benefits, the
source of the oats used and the cultivar selected are
important factors to be considered. These factors
must also be taken into account when developing food
safety regulations, labelling oat-containing products as
gluten-free, and designing clinical trials to study the
effect of oats in celiac patients.

4

5

6

7

8

9

10

11

12
13

14

CONCLUSION
In summary, oats possess a variety of pharmacological
activities and may exert antioxidant, anti-inflam
matory, antidiabetic, and anticholesterolaemic effects.
These properties have led to their wider use in human
food. Inclusion of oats in a gluten-free diet might be
valuable due to their nutritional and health benefits,
and several countries currently permit oats to be
included as an ingredient in such diets. However, it is
extremely important to remember that in vitro studies
have shown that the immunogenicity of oats varies
depending on the cultivar used. Future clinical studies
should be directed to the development of clinical
trials with varieties previously identified as safe by
reliable in vitro methods, such as moAb G12-based
immunotechniques.
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Abstract
Superficial non-ampullary duodenal epithelial tumor
(SNADET) is defined as a sporadic tumor that is
confined to the mucosa or submucosa that does not
arise from Vater’s papilla, and it includes adenoma
and adenocarcinoma. Recent developments in
endoscopic technology, such as high-resolution
endoscopy and image-enhanced endoscopy, may
increase the chances of detecting SNADET lesions.
However, because SNADET is rare, little is known
about its preoperative endoscopic diagnosis. The use
of endoscopic resection for SNADET, which has no
risk of metastasis, is increasing, but the incidence
of complications, such as perforation, is significantly
higher than in any other part of the digestive tract.
A preoperative diagnosis is required to distinguish
between lesions that should be followed up and those
that require treatment. Retrospective studies have
revealed certain endoscopic findings that suggest
malignancy. In recent years, several new imaging
modalities have been developed and explored for realtime diagnosis of these lesion types. Establishing an
endoscopic diagnostic tool to differentiate between
adenoma and adenocarcinoma in SNADET lesions is
required to select the most appropriate treatment.
This review describes the current state of know
ledge about preoperative endoscopic diagnosis of
SNADETs, such as duodenal adenoma and duodenal
adenocarcinoma. Newer endoscopic techniques,
including magnifying endoscopy, may help to guide
these diagnostics, but their additional advantages
remain unclear, and further studies are required to
clarify these issues.
Key words: Endoscopy; Duodenoscopy; Duodenal
neoplasms; Narrow band imaging; Pathology
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: Because superficial non-ampullary duodenal
epithelial tumor is rare, a preoperative endoscopic
diagnostic technique to differentiate between adenoma
and adenocarcinoma has not yet been established.
Recently, many new imaging modalities have been
developed and explored for use in the real-time
diagnosis of these types of lesions. Newer endoscopic
techniques, including magnifying endoscopy, may
help to guide these diagnostics, but their additional
advantages remain unclear, and further studies are
required to clarify these issues.
Tsuji S, Doyama H, Tsuji K, Tsuyama S, Tominaga K, Yoshida
N, Takemura K, Yamada S, Niwa H, Katayanagi K, Kurumaya
H, Okada T. Preoperative endoscopic diagnosis of superficial
non-ampullary duodenal epithelial tumors, including magnifying
endoscopy. World J Gastroenterol 2015; 21(41): 11832-11841
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i41/11832.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i41.11832

INTRODUCTION
[1]

Epithelial tumors of the duodenum are relatively rare ,
with primary duodenal carcinomas comprising only
approximately 0.5% of malignant gastrointestinal
[2]
tumors . Duodenal adenomas are uncommon lesions
with a reported prevalence of less than 0.4% in patients
[3,4]
undergoing esophago-gastro-duodenoscopy . Surgical
treatment of non-ampullary duodenal tumors can be
invasive because of anatomical complexities. Recent
developments in endoscopic technology, such as highresolution endoscopy and image-enhanced endoscopy,
may increase the chances of detecting superficial
non-ampullary duodenal epithelial tumor (SNADET)
[5,6]
lesions and allow their resection without surgery .
The prognosis of patients with advanced duodenal
[7]
carcinomas is poor , and early detection and treatment
are essential.
Endoscopic resection (ER) is a minimally invasive,
local treatment that can be used in cases of SNADET
[8]
with no risk of metastasis . However, the incidence of
complications, such as perforation, that are associated
with the use of ER to treat SNADET is significantly
[6,9,10]
higher than in any other part of the digestive tract
because of the thinness of the duodenal wall and
[9,11,12]
its exposure to bile and pancreatic juice
. A pre
operative diagnosis is required to distinguish between
lesions that should be followed up and those that
require treatment. Follow-up without ER for lowgrade adenoma (LGA) is acceptable because its risk
[9,13]
of progression to cancer is approximately 5%
.
However, because SNADET is rare, much remains
unknown about its preoperative endoscopic diagnosis.
SNADET is defined as a sporadic tumor that is
confined to the mucosa or submucosa that does not
arise from Vater’s papilla, and it includes adenoma and
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adenocarcinoma. This review focuses on the present
status of the preoperative endoscopic diagnosis of
SNADETs.

HISTOPATHOLOGICAL DIAGNOSES
REFERRED TO THE REVISED VIENNA
CLASSIFICATION AND CLINICAL
MANAGEMENT
Recently, a new set of categories for classifying gas
trointestinal neoplasias (i.e., the Vienna classification)
has been proposed (Table 1) to bridge the East[14]
West gap . Adenomas of the gastrointestinal tract
can be categorized as LGA (category 3) and highgrade dysplasia (HGD; category 4.1), according to
the diagnostic classification of dysplasia established
in the revised Vienna classification. Several previous
[13,15,16]
studies
have classified histopathological dia
gnoses of SNADETs based on the revised Vienna
classification. For the purposes of these studies, LGA
was included in the revised Vienna Category 3 (C3),
and HGD and superficial adenocarcinoma were included
in the revised Vienna Category 4 (C4), such that all C3
lesions were non-malignant, and all C4 lesions were
classified as cancer. In this review, only LGA lesions are
considered to be sporadic non-ampullary adenomas
because LGA lesions show a low risk of progression
[9,13]
to adenocarcinoma
, and non-ampullary duodenal
cancers are also considered to be C4 lesions.
The choice of treatment depends on the overall
size of a lesion; the depth of its invasion as assessed
endoscopically, radiologically, or ultrasonographically;
and general factors, such as a patient’s age and
comorbid conditions. For gastric, esophageal, and
non-polypoid colorectal carcinomas that are well
differentiated or moderately differentiated and show
only minimal submucosal invasion (sm1) without
lymphatic involvement, local resection is sufficient.
Likewise, for polypoid colorectal carcinomas with
deeper submucosal invasion in the stalk/base but
without lymphatic or blood vessel invasion, complete
[14,17]
local resection is considered adequate treatment
.

DEFINITION OF SPORADIC NONAMPULLARY ADENOMA
Duodenal adenomas that do not involve the major
duodenal papilla are characterized as benign epithelial
tumors of the small bowel. They may occur sporadically
or in the context of genetic syndromes, such as familial
adenomatous polyposis or Peutz-Jeghers syndrome.
A sporadic non-ampullary adenoma is regarded as a
precancerous lesion. Previous reports have suggested
that there are two carcinogenesis pathways of duo
denal cancer: the adenoma-carcinoma sequence and
[18-20]
the development of de novo cancer
. Sporadic
non-ampullary adenoma should be differentiated
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Table 1 The revised Vienna classification and clinical
management
Category
1
2
3

4

5

Diagnosis

Clinical management

Negative for neoplasia
Indefinite for neoplasia
Mucosal low-grade neoplasia

Optional follow-up
Follow-up
Endoscopic resection or
follow-up

Table 2 Relationship between endoscopic findings and final
histological grade

Diameter (mean, mm)
Location (portion)
First
Second
Third or fourth
Color
Red
Isochromatic or white
Macroscopic type
0-Ⅰ
0-Ⅱa
0-Ⅱc

Low-grade adenoma
Low-grade dysplasia
Mucosal high-grade neoplasia Endoscopic or surgical local
resection
4.1 High-grade adenoma/
dysplasia
4.2 Noninvasive carcinoma
(carcinoma in situ)
4.3 Suspicious for invasive
carcinoma
4.4 Intramucosal carcinoma
Submucosal invasion by
Surgical resection
carcinoma

DEFINITION OF EARLY NON-AMPULLARY
DUODENAL CANCER
Owing to the low prevalence of SNADET, there is no
established definition for early non-ampullary duodenal
cancer regarding its depth of invasion and risk of lymph
[8]
node metastasis . Previous studies have followed the
[25]
rules that are used for early colorectal
or gastric
[26]
cancer
and for tumor invasion into the lamina
propria, muscularis mucosa (T1a) or submucosa (T1b),
[18,27,28]
regardless of lymph node metastasis
. There is
little information regarding the pathological risk factors
for lymph node metastasis of T1a and T1b in non[29]
ampullary duodenal cancer. Nagatani et al
found no
incidence of lymph node metastasis among 40 pT1a
[27]
cancers, while Fujisawa et al reported no metastasis
among 166 pT1a cancers. The incidence of lymph
node metastasis among pT1b cancers was reported to
[27,28]
be 5.3%-5.4%
.

DIFFERENTIAL DIAGNOSIS BETWEEN
SNADET C3 AND C4 LESIONS
C3 lesions are usually solitary and sessile; and although
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Category4
(n = 275)

P value

11.5 ± 0.7

17.5 ± 0.7

< 0.0001

23
92
6

19%
76%
5%

46
205
24

17%
74%
9%

NS

36
85

30%
70%

124
151

45%
55%

< 0.01

29
71
21

24%
59%
17%

58
170
47

21%
62%
17%

NS

Color or macroscopic type is adopted from the predominant color when
tumor showed multiple colors or macroscopic types. Data from Goda et
al[5]. NS: Not significant.

from polyps that occur in genetic syndromes or at the
papilla. Polyps are associated with an increased risk of
malignancy, and they require different diagnostic and
therapeutic strategies than those for sporadic non[21,22]
ampullary adenomas
. Sporadic non-ampullary
adenomas account for up to 7% of duodenal polyps
that are biopsied using upper endoscopy, which is a
[3,23]
prevalence of 1-3 cases per 1000
. The mean age
at diagnosis is usually in the seventh decade, and the
incidence is approximately equal among men and
women. The majority of patients are asymptomatic at
[24]
the time of diagnosis .

Characterization using conventional white light imaging

Category3
(n = 121)

they can be located in any part of the duodenum, they
[3]
are found distally in the majority of patients . Both
C3 and C4 lesions arise most frequently in the second
portion of the duodenum, especially in the periampullary
[18,30,31]
area
.
In a Japanese multicenter study, the mean tumor
diameter of C4 lesions was significantly larger than
that of C3 lesions. C4 lesions were solitary or showed
a predominantly red color significantly more frequently
than C3 lesions. There were no significant differences
between final histological grade and other endoscopic
findings, such as tumor location and macroscopic type
[5]
[13]
(Table 2) . Okada et al showed that a lesion diameter
of ≥ 20 mm was significantly predictive of progression to
adenocarcinoma. A tumor diameter > 5 mm also seemed
indicative for C4 lesion tumors, and this might suggest a
recent increase in the number of small C4 lesions of 6-10
[5]
mm in diameter . In addition, out of 139 SNADETs, this
case series found 46 mucosal carcinomas (33%) and one
submucosal carcinoma that had a tumor diameter of 6-10
[5]
mm . Lesions with a depression component also tended
[32,33]
to have a higher cancerous component
. Endoscopic
features of C4 lesions included a red color in the tumor
[27,32]
and a nodular, rough surface
.

Whitish villus, milk-white mucosa, and white opaque
substance
[34]

Inatsuchi et al
reported that 84% of SNADETs
had a whitish villus, which may be helpful in recogni
zing these lesions under conventional endoscopy.
[15]
Yoshimura et al showed that 92% of SNADETs had a
milk-white mucosa on conventional endoscopy, which
is a common endoscopic finding for C3 and C4 lesions.
A white opaque substance (WOS) was reported first
[35]
by Yao et al
as a substance in the superficial area
of a gastric neoplasia that is visualized in magnifying
endoscopy with narrow-band imaging (M-NBI). WOS
represents intramucosal accumulation of lipid droplets
[36]
[37]
using oil red O staining . Tanaka et al
suggested
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Table 3 Comparison of magnifying endoscopy with narrow-band
imaging findings according to vessel plus surface classification
system and final histological grade in all 64 superficial nonampullary duodenal epithelial tumors
Diagnosis from ER specimens
Category 3
(n = 27)

Figure 1 Duodenal adenocarcinoma imaged with magnifying endoscopy
with narrow-band imaging. White opaque substance (WOS) in lesion margins
on magnifying endoscopy with narrow-band imaging (M-NBI). Speckled WOS is
found at the lesion margins (arrows), and little is in the central area.

that whitish villi were a result of lipids in epithelial cells
at the villi tips. Whitish villus, milk-white mucosa, and
WOS are thought to have the same appearance.
It has been reported that the distribution pattern
of milk-white mucosa is classified as either entire or
marginal, and the frequency of the marginal type of
milk-white mucosa (Figure 1) is significantly higher in
[15]
C4 lesions compared to C3 lesions . Whitish villus,
milk-white mucosa, and WOS are characteristic of
SNADETs, and their individual characteristics may also
be useful in differentiating between C3 and C4 lesions.

Characterization using magnifying endoscopy with NBI

NBI is an innovative optical image-enhancing technology
that uses narrow blue and green wavelengths to
[38]
increase the conspicuity of vessels . M-NBI enables
clear visualization of superficial microanatomy and can
be used to differentiate between cancerous and noncancerous lesions of the digestive tract more accurately
[39-44]
than conventional endoscopy
. However, there have
been only a few reports characterizing SNADET using
M-NBI.
[15]
Yoshimura et al
showed that the frequency of a
microvascular pattern network type was significantly
[16]
higher in C4 lesions. Recently, Kikuchi et al
have
proposed a diagnostic algorithm of M-NBI for SNADET,
as shown in Figure 2. They defined vessels that were
dilated, tortuous, or had irregular diameter, size, or
shape as having an “unclassified pattern”; all C4
[16]
lesions had this pattern . In previous studies, the
frequency of an ill-defined mucosal pattern (Figure 3)
and mixed-type lesions with multiple surface patterns
[15,16]
(Figure 4) were distinctive findings in C4 lesions
.

Vessel plus surface classification system for magnifying
endoscopy with narrow-band imaging

Between December 2008 and January 2015, we
retrospectively used ER to investigate both the
endoscopic findings and the resected specimens of
64 SNADETs at our hospital. We used the established
vessel plus surface (VS) classification system and
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Demarcation line
Microvascular
pattern; V
Regular/Absent
Irregular
Microsurface
pattern; S
Regular
Irregular

P value

Category 4
(n =37)

27

100%

37

100%

1

10/8
9

37%/30%
33%

5/17
15

14%/46%
41%

0.56

13
14

48%
52%

4
33

11%
89%

0.0008

ER: Endoscopic resection.
[41]

M-NBI to diagnose early gastric cancer , which is the
[42]
most commonly used system in clinical practice .
We determined whether there was a demarcation
line (DL) between a lesion and the background
mucosa. Microvascular (MV) patterns and microsurface
(MS) patterns were categorized as regular, irregular,
or absent. Lesions presenting with an irregular MV
pattern with a DL and/or an irregular MS pattern with
[42]
a DL were diagnosed as cancerous (C4) .
Table 3 shows a comparison of the M-NBI findings
for the 64 lesions based on the VS classification. DLs
were observed in all of the lesions (100%). There was
no significant difference in MV patterns between the C3
and C4 groups. In the SNADETs, there was a tendency
for irregular MV patterns to be observed in C3 and C4
lesions. More than 90% of all of the SNADETs in this
study demonstrated WOS in the superficial parts of
the lesions, obscuring the morphology of subepithelial
microvessels in approximately 40% of all lesions. One
explanation might be that WOS made it difficult to
evaluate the overall distribution and arrangement of
microvessels. An irregular MS pattern was present in
14 lesions (52%) in the C3 group and in 33 lesions
(89%) in the C4 group, indicating a significant
intergroup difference (P = 0.0008). An irregular
MS pattern was a reliable marker for differentiating
[40]
between benign and malignant gastric lesions .
Typical cases in the C3 and C4 groups where M-NBI
findings were useful for distinguishing between C3 and
C4 are shown in Figure 5A-C (C3) and in Figure 6A-C
(C4). False-positive cases characterized by malignant
M-NBI diagnoses and benign pathological diagnoses
are shown in Figure 7A-C. We found that an irregular
MS pattern was significantly more frequent in the C4
group, while there was no significant difference in
MV patterns between the C3 and C4 groups. These
findings may be useful in distinguishing between
carcinomas and benign lesions in SNADETs. However,
the additional advantages of M-NBI remain unclear,
and further studies, including ones on the relationship
between histopathological type and MS findings, are
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Surface pattern

Vascular pattern

Pathology

Category 4/5

Mixed type

NBI magnification
Absent pattern

Category 3

Network pattern

Category 3

ISV pattern

Need more
evaluation

Unclassified pattern

Category 4

Monotype

Figure 2 Diagnostic algorithm of magnifying endoscopy with narrow band imaging for superficial non-ampullary duodenal epithelial tumor. From Kikuchi et al[16].

Figure 3 Duodenal adenocarcinoma imaged with magnifying endoscopy
with narrow-band imaging. An indistinct area of a marginal crypt epithelium
(MCE) structure as imaged by magnifying endoscopy with narrow-band imaging
(M-NBI). There are no discernible microsurface features (yellow circle).

Figure 4 Duodenal adenocarcinoma imaged with magnifying endoscopy
with narrow-band imaging. Because of uneven distribution of white opaque
substance (WOS) on magnifying endoscopy with narrow-band imaging (M-NBI),
this lesion displays multiple microsurface patterns as mixed-type (yellow circle).

required to clarify these issues.

ampullary duodenal cancer based on magnified images
that were stained with crystal violet through the use of
the pit-pattern classification for colonic mucosa. Using
magnification endoscopy, they categorized SNADETs
into convoluted, leaf-like, reticular/sulciolar, and colon[1,52]
like patterns
.

Magnifying chromoendoscopy

Chromoendoscopy was introduced to improve the
success of duodenal polyp detection and differen
[45,46]
tiation
. Chromoendoscopy in combination with
magnifying endoscopy is useful in distinguishing
[47]
neoplastic from non-neoplastic colorectal polyps .
It has been important to show that magnifying
endoscopy combined with chromoendoscopy is
useful to discriminate between neoplastic and nonneoplastic colonic polyps, based on the pit-pattern
[48-51]
[1,52]
classification
. Endo et al
diagnosed pati
ents with sporadic non-ampullary adenoma or non-
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Preoperative diagnosis using biopsy
[13]

Okada et al
analyzed 68 sporadic non-ampullary
duodenal adenomas that were diagnosed using biopsy
and reported that LGA lesions show a low risk of
progression to adenocarcinoma, whereas HGD lesions
show a high risk of progression to adenocarcinoma.
In a preoperative diagnosis, accurately differentiating
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A

A

B

B

C

C

Figure 5 Magnifying endoscopy with narrow-band imaging imaging of a
duodenal adenoma. A: Endoscopic findings using conventional endoscopy
with white light imaging. A pale, slightly elevated lesion (10 mm in diameter,
arrow) is observed in the proximal duodenum; B: Endoscopic findings using
magnifying endoscopy with narrow-band imaging (M-NBI). A demarcation line
(DL, arrows) separates changes in the mucosal microsurface (MS) structure
from the surrounding normal mucosa. Vessel plus surface (VS) classifications:
V, Because of the white opaque substance (WOS), the morphology of the
subepithelial microvessels cannot be observed, making this an absent
microvascular (MV) pattern; S, The WOS has a regular reticular pattern with a
symmetrical distribution and regular arrangement. Thus, this lesion is graded
as a regular MS pattern using WOS as a marker for the MS pattern. The VS
classification of this lesion was absent MV pattern and regular MS pattern
(WOS+) with a DL. Therefore, the M-NBI diagnosis was benign; C: The final
histological diagnosis was of a low-grade adenoma.

cancer from adenoma is difficult based on biopsy
findings alone. Forceps biopsy is recommended for all
suspect lesions, although 15%-56% of cancers may
be missed at biopsy due to sampling error compared
[53,54]
with using surgically resected specimens
. In
a multicenter study, the sensitivity, specificity and
accuracy of preoperative diagnosis using biopsy for
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Figure 6 Duodenal adenocarcinoma with typical magnifying endoscopy
with narrow-band imaging findings. A: Endoscopic findings using conventional
endoscopy with white light imaging. A reddish, slightly elevated lesion (13 mm
in diameter, arrows) is observed in the second portion of the duodenum; B:
Endoscopic findings using magnifying endoscopy with narrow-band imaging
findings (M-NBI). A clear demarcation line (DL) is visible because of differences
in the vessel plus surface (VS) component between the cancerous and
noncancerous mucosa. V: Proliferation of microvessels with variable sizes,
asymmetrical distribution and irregular arrangement make this an irregular
microvascular (MV) pattern; S: There are areas where the marginal crypt
epithelium (MCE) cannot be visualized and where the visible MCE shows a variety
of morphologies, an asymmetrical distribution and an irregular arrangement. This
lesion is assessed as an irregular mucosal microsurface (MS) pattern. The VS
classification of this lesion was an irregular MV pattern and irregular MS pattern
with a DL. Therefore, the M-NBI diagnosis was cancer; C: The final histological
diagnosis was a well-differentiated intramucosal adenocarcinoma.

final HGD and superficial adenocarcinoma histology
[5]
were 58%, 93%, and 68%, respectively . In another
study, T1a cancer was observed in 13.5% of patients
[55]
in whom initial biopsies indicated simple adenomas .
Owing to the thinness of the duodenal wall, the biopsy
procedure itself may induce unintended fibrosis
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Confocal laser endomicroscopy and autofluorescence
imaging

A

In recent years, many new imaging modalities have
been developed and explored for use in the real[56-58]
time diagnosis of duodenal lesions
. Confocal
laser endomicroscopy (CLE) is a powerful technology
that provides magnification × 1000 imaging using
[59]
intravenous fluorescein as a contrast agent . Currently,
there are two types of CLE: probe-based CLE (pCLE)
[60]
and endoscopic-based CLE (eCLE) . In a recent study,
pCLE was used along with NBI (GIF H-180; Olympus) for
duodenal adenoma diagnosis, and it was concluded that
pCLE provided better sensitivity than NBI (92% vs 83%,
P = 0.8); duodenal adenoma diagnosis criteria for pCLE
and NBI in this study were based on Barrett’s esophagus
[58]
[61]
criteria . Pittayanon et al
reported that the dia
gnostic criteria for duodenal non-adenomatous and
adenomatous lesions using pCLE were normal epithelium
border with regular capillary pattern and dark/irregular/
non-structural mucosa with normal or abnormal capillary
networks, respectively. Autofluorescence imaging (AFI) is
an endoscopic technique that uses autofluorescence that
is emitted from an endogenous fluorophore following
[62]
exposure to short-wavelength photoexcitation . AFI has
not been used to evaluate duodenal and periampullary
lesions. Many new imaging modalities seem to be useful,
but because of insufficient data on this uncommon entity,
a large multicenter study is required to support this
concept.

B

C

ENDOSCOPIC DIAGNOSIS OF SNADET
EXTENT AND INVASION DEPTH
Figure 7 False-positive magnifying endoscopy with narrow-band imaging
diagnosis. A: Endoscopic findings using conventional endoscopy with white
light imaging. A whitish, slightly depressed lesion (5 mm in diameter) is observed
in the second portion of the duodenum. In this case, magnifying endoscopy with
narrow-band imaging diagnosis (M-NBI) examination was conducted before
biopsy; B: Endoscopic findings using M-NBI. A clear demarcation line (DL)
is visible because of differences in the vessel plus surface (VS) component
between the tumor and surrounding mucosa. V: The individual vessels show
a variety of morphologies, such as open- and closed-looped and coil-shaped,
with no two microvessels sharing the same morphology. The microvessels are
anastomosing with each other within the intervening parts but show no consistent
regularity. Therefore, this lesion was assessed as an irregular microvascular
(MV) pattern; S: This individual section of marginal crypt epithelium (MCE)
shows a curved morphology but lacks continuity or a consistent directionality,
and the intervening parts are also irregular with unequal sizes. Therefore, this
lesion was assessed as an irregular mucosal microsurface (MS) pattern. The VS
classification of this lesion was an irregular MV pattern and irregular MS pattern
with a DL. Therefore, the M-NBI diagnosis was cancer; C: The final histological
diagnosis was a low-grade adenoma.

associated with a lesion, which may complicate
[10]
subsequent ER . Consequently, it is necessary to
perform a biopsy while causing a minimal amount
of damage, and ER as a diagnostic therapy should
be considered in some cases that are endoscopically
diagnosed as carcinoma.
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Determining SNADET margins using conventional
endoscopy is easy, as it is similar to detecting epithelial
[1]
tumors of the colon or rectum . However, it is difficult
to differentiate T1a from T1b non-ampullary duodenal
[27]
cancer using barium studies or endoscopy . Central
dimpling or ulceration observed during endoscopy
[63]
suggests invasive carcinoma . Several previous
studies have classified morphological types of
superficial SNADETs based on the classification criteria
[20,27,28]
that are used for colorectal tumors
. Macroscopic
types based on endoscopic features include the
protruded pedunculated (Ip), protruded sessile (Is),
and semipedunculated (Isp) types and the superficial
elevated (Ⅱa), flat (Ⅱb), and superficial shallow or
[26]
depressed (Ⅱ c) types . Previous studies showed
that 0-Ⅰ or 0-Ⅱ a + Ⅱ c macroscopic types with a
red color were usually endoscopic features of submu
[5,29]
cosal carcinoma
. Endoscopic ultrasonography
(EUS) is accurate in diagnosing gastrointestinal
abnormalities because of its ability to image intestinal
wall architecture and its surrounding structures in
[64]
[65]
detail . Tio et al
reported that EUS is accurate in
diagnosing duodenal sessile villous adenomas, and
it is, therefore, useful in planning treatment. EUS
helps to evaluate larger lesions (greater than 2 cm
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SNADET

Diameter ≤ 5 mm

Diameter > 5 mm

C-WLI, M-NBI, or biopsy

LDA

Cancer

C-WLI and EUS

M or SM shallow invasion

SM deep invasion

en bloc ER possible
No

Yes
Follow up

ER (total excisional biopsy)

Surgical resection

Figure 8 Suggested algorithm for the management of superficial non-ampullary duodenal epithelial tumor according to depth of invasion; tumor size;
endoscopic findings, including magnifying endoscopy; and biopsy results. Endoscopic features of cancer are a red color in the tumor; a nodular, rough
surface on conventional white light imaging; a marginal type of milk-white mucosa; an unclassified vascular pattern; a frequency of ill-defined mucosal pattern; and a
population of mixed-type lesions with multiple surface patterns on magnifying endoscopy with narrow-band imaging. Endoscopic features of submucosal carcinoma
are ulceration and a 0-Ⅰ or 0-Ⅱa + Ⅱc macroscopic type with a red color. SNADET: Superficial non-ampullary duodenal epithelial tumor; C-WLI: Conventional whitelight imaging; M-NBI: Magnifying endoscopy with narrow-band imaging; LDA: Low-grade adenoma; EUS: Endoscopic ultrasonography; ER: Endoscopic resection.

in size) to establish the relationship of a duodenal
polyp to the pancreatobiliary tree and to determine
endoscopic resectability when biopsy specimens have
[66]
shown HGD . Preoperative EUS for six submucosal
carcinomas enabled the prediction of submucosal
[5]
invasion with 67% accuracy .

2
3

CONCLUSION
From this review, a suggested algorithm for the
management of SNADET is shown in Figure 8. Given
the heterogeneity of the lesions and the patient
population, it is difficult to set guidelines that would
encompass all possible scenarios, so each case must
be taken on an individual basis. Because the incidence
of SNADET is extremely rare, endoscopic findings
that suggest early non-ampullary duodenal cancer
have not yet been established. As indications for
endoscopy increase and as techniques evolve, the rate
of duodenal adenoma and duodenal adenocarcinoma
detection, especially of small lesions, will likely
increase. Newer endoscopic techniques, including
magnifying endoscopy, may help to guide these
diagnostics, but their additional advantages remain
unclear, and further studies are required to clarify
these issues.
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Abstract
The revised Atlanta classification of acute pancreatitis
was adopted by international consensus, and is based
on actual local and systemic determinants of disease
severity. The local determinant is pancreatic necrosis
(sterile or infected), and the systemic determinant is
organ failure. Local complications of pancreatitis can
include acute peri-pancreatic fluid collection, acute
necrotic collection, pseudocyst formation, and walledoff necrosis. Interventional endoscopic ultrasound
(EUS) has been increasing utilized in managing these
local complications. After performing a PubMed search,
the authors manually applied pre-defined inclusion
criteria or a filter to identify publications relevant to
EUS and pancreatic collections (PFCs). The authors
then reviewed the utility, efficacy, and risks associated
with using therapeutic EUS and involved EUS devices in
treating PFCs. Due to the development and regulatory
approval of improved and novel endoscopic devices
specifically designed for transmural drainage of fluid
and necrotic debris (access and patency devices),
the authors predict continuing evolution in the
management of PFCs. We believe that EUS will become
an indispensable part of procedures used to diagnose
PFCs and perform image-guided interventions. After
draining a PFC, the amount of tissue necrosis is the
most important predictor of a successful outcome.
Hence, it seems logical to classify these collections
based on their percentage of necrotic component or
debris present when viewed by imaging methods or
EUS. Finally, the authors propose an algorithm for
managing fluid collections based on their size, location,
associated symptoms, internal echogenic patterns, and
content.
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Core tip: The revised Atlanta classification of acute
pancreatitis was approved by international consensus,
and is based on actual local and systemic determinants
of disease severity. Local complications of pancreatitis
can include acute peri-pancreatic fluid collection, acute
necrotic collection, pseudocyst formation, and walledoff necrosis. Interventional endoscopic ultrasound (EUS)
has been increasingly utilized in managing pancreatitis.
This review describes the utility, efficacy, and risks
associated with using therapeutic EUS and involved
EUS devices to manage acute pancreatitis. The authors
propose an algorithm for use in managing pancreatic
fluid collections based on their size, location, associated
symptoms, internal echogenic patterns, and content.

Local complications of pancreatitis can include
acute peri-pancreatic fluid accumulation, acute necrotic
collection (ANC, sterile or infected), pseudocyst
formation, and development of walled-off necrosis
(WON) (sterile or infected). WON is characterized by a
distinct rim that forms around areas of tissue necrosis
and adjacent pancreatic parenchyma. Interventional
endoscopic ultrasound (EUS) has been increasing
[4,5]
utilized to help manage these local complications .
To gather information for this review, the authors
searched English language medical literature and
reviewed articles which described the utility, efficacy,
and risks associated with using therapeutic EUS and
its involved devices in these clinical settings, which we
grouped together as pancreatic fluid collections (PFCs).
The authors propose an algorithm for use in managing
pancreatic fluid collections based on their size, location,
associated symptoms, internal echogenic pattern, and
structure.

METHODS AND REVIEW STRATEGY
Vilmann AS, Menachery J, Tang SJ, Srinivasan I, Vilmann
P. Endosonography guided management of pancreatic fluid
collections. World J Gastroenterol 2015; 21(41): 11842-11853
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i41/11842.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i41.11842

INTRODUCTION
In 1992, the Atlanta classification of acute pancreatitis
was adopted by international consensus. While the
Atlanta classification attempted to standardize reporting
and communication among health care professionals,
some of the terminology used was confusing and failed
to objectively describe complications associated with
pancreatitis. This made it difficult to provide proper
treatment. A revised Atlanta classification was released
in 2012 after years of web-based consultation among
a global panel of experts and international pancreatic
[1-3]
associations . The new classification system is based
on actual local and systemic determinants of severity,
rather than descriptions of events correlated with
[1,2]
severity . The local determinant is pancreatic necrosis
(sterile or infected) and the systemic determinant
is organ failure (transient or persistent). Acute pan
creatitis is now classified into two phases (early and
late), and its severity is classified as mild, moderate
or severe. Mild acute pancreatitis is not accompanied
by organ failure, local or systemic complications, and
usually resolves in the first week. Moderately severe
acute pancreatitis is accompanied by transient organ
failure, as well as local complications or exacerbation
of a co-morbid disease. Severe acute pancreatitis
presents with persistent organ failure (> 48 h duration)
(Table 1).
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On November 15, 2014, the authors performed
a PubMed search using the abbreviation EUS in
combination with phrases or words related to
pancreatic fluid collection; such as pseudocyst, fluid
collection, abscess, and WON. Next, pre-defined
inclusion criteria or filters were manually applied to the
PubMed search results (Figure 1). The inclusion criteria
were: (1) original report; (2) case number > 6; and (3)
English language publication only. The authors then
manually reviewed the publications and their listed
references, i.e., cross-reference search. Finally, each
published paper was jointly reviewed by two authors of
this review article, and relevant important information
was extracted.

INDICATIONS AND TIMING FOR
TRANSMURAL DRAINAGE
The decision to drain a pancreatic fluid collection
depends on several factors, including the patient’s
clinical condition and symptoms, the change in amount
of accumulated fluid over time, the time from the
onset of symptoms, and the presence of infection or
other complications. Asymptomatic pancreatic and/
or extra-pancreatic fluid collections do not warrant
intervention regardless of their size, location, and/or
extension. Instead, drainage is considered only when
a fluid collection causes clinical symptoms or displays
[6]
signs of infection . Infection is most common in fluid
surrounding necrotic tissue, and is suggested by the
presence of air pockets inside the accumulation and
visible on a computerized tomography (CT) scan.
If a clinical scenario strongly suggests an infected
fluid collection, it can be verified by performing and
examining the contents of a fine needle aspiration.
Patients with sterile accumulations, luminal or biliary
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Table 1 Revised Atlanta classification (2012) of pancreatic/peripancreatic fluid collections
Type of pancreatic or peripancreatic
fluid collection

Etiology

Capsule

Specific features

Acute peripancreatic fluid collection,
APFC
Pancreatic pseudocyst, PPC

≤ 4 wk after onset of acute interstitial-

-

Homogeneous, liquid, infection +/-, no features of a
pseudocyst, usually resolves spontaneously
Round/oval,
Liquid, no non-liquid contents, persistent
Heterogeneous, liquid and necrotic contents, usually
resolves spontaneously
Heterogeneous, liquid and necrotic contents, infection
+/-

edematous pancreatitis
> 4 wk after onset of acute interstitialedematous pancreatitis
Acute necrotizing pancreatitis

Acute necrotic collection, ANC
Walled-off pancreatic necrosis,
WOPN

> 4 wk after onset of necrotizing pancreatitis

+
+

ANC: Acute necrotic collection.

Inclusion criteria (filter):
1. Original reports
2. Case number > 6
3. English language publication

After manual review
and cross reference search

EUS and pseudocyst:
435 papers

EUS and pseudocyst:
40 papers

EUS and pseudocyst:
44 papers

EUS and post-op fluid collection:
3 papers

EUS and post-op fluid collection:
0 paper

EUS and post-op fluid collection:
1 paper

EUS and fluid collection:
74 papers

EUS and fluid collection:
6 papers

EUS and fluid collection:
4 papers

EUS and abscess:
323 papers

EUS and abscess:
11 papers

EUS and abscess:
11 papers

EUS and WON:
24 papers

EUS and WOPN:
9 papers

EUS and WOPN:
20 papers

Figure 1 On November 15, 2014, the authors performed a PubMed search using following key word sets: endoscopic ultrasound in combination with
terminologies related to pancreatic fluid collections such as pseudocyst, fluid collection, abscess, and walled off necrosis. Each published paper was
simultaneously reviewed by two authors who extracted important information related to this review. EUS: Endoscopic ultrasound; WON: Walled off necrosis.

obstruction resulting from external compression,
persistent abdominal pain requiring narcotics, or an
[7]
undiagnosed sepsis syndrome should receive drainage .
PFCs can be drained using surgical, percutaneous or
endoscopic methods.
Proper timing is critical for successful endoscopic
drainage in cases of necrotizing pancreatitis. Interven
tions made within the first several weeks of necrotizing
pancreatitis generally lead to poor outcomes. The
guiding principle for timing of debridement is to delay
any intervention until the collection has become
encapsulated and liquefied as much as possible.
Encapsulation does not usually occur until at least 4 wk
after the initial injury.
Endoscopic methods for draining collected fluid
have shown efficacies comparable to those achieved
using surgical methods. Furthermore, endoscopic
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treatments usually result in shorter hospital stays,
better patient physical and mental health, and lower
[8]
treatment costs compared to surgery . Percutaneous
drainage requires the patient to have an external drain
implanted for an extended period of time. This may
lead to development of pancreatico-cutaneous fistulas;
especially in patients with ductal disruption. In contrast
to percutaneous drainage, an endoscopic approach
allows placement of multiple drainage modalities
through a single puncture site.
EUS permits a physician to visualize the entire
abdominal cavity, assess the maturity of the wall,
measure the distance between the collection and
the luminal wall, and identify intervening vessels
(collaterals) along the puncture site (Figures 2 and 3).
Furthermore, the rates of technical success achieved
when using EUS-guided drainage have been higher

11844

November 7, 2015|Volume 21|Issue 41|

Vilmann AS et al . EUS-guided management of pancreatic fluid collections

DOES LOCATION OF THE FLUID
COLLECTION MATTER?

Figure 2 Selected magnetic resonance imaging frame showing a large peripancreatic pseudocyst extending from the pancreatic tail to the anterior
abdominal wall in a patient with pancreatitis and splenic vein thrombosis.

than those achieved using conventional transmural
endoscopic drainage techniques performed without
[9]
EUS guidance . EUS-guided drainage is the preferred
modality in cases where there is no visible luminal
bulge, portal hypertension and collateral formation
are suspected, or when treating patients with
[4,6,7]
coagulopathy
.

SHOULD ERCP WITH TRANS-PAPILLARY
DRAINAGE BE PERFORMED ON THESE
PATIENTS?
Endoscopic drainage of PFCs may be performed either
during endoscopic retrograde cholangiopancreatography
(ERCP) with drainage through the main ampulla of
Vater or via a transmural route - either the duodenum
or stomach. Currently, no comparative or randomized
studies have been reported from which solid data
can be extracted regarding the preferred method
for drainage. Only case series in which inconsistent
methods and guidelines were used based on expert
[10,11]
opinions have been published
. Based on the
available published information, transpapillary drainage
is preferred to EUS-guided transmural drainage as a
first-step procedure for treating small fluid collections
which communicate with the main pancreatic duct in
the head or body of the pancreas (Figure 4). Moreover,
most published cases which describe the use of EUSguided drainage, fail to mention whether the patients
had undergone ERCP prior to EUS-guided drainage.
In one series of 116 patients, 15 patients received
transpapillary drainage, 60 received transmural
drainage, and 41 received both types of drainage. In
that series, successful drainage was achieved in 88%
[12]
of the patients . However, there was no difference
in the rates of success achieved using the different
methods. Hence, little evidence exists to support a
recommendation that pancreatic fluid collections should
preferably be drained via the pancreatic papilla and
pancreatic duct.
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Transmural drainage has been attempted as a method
for treating pancreatic pseudocysts (Figure 5A) and
WON (Figure 5B) of suitable size, and located in the
head, body or tail of the pancreas. However, this
method requires that the distance between the lumen
wall and cyst is < 1 cm. Due to their location in the
lesser sac or extension to the pararenal space, PFCs in
the pancreatic tail do not cause luminal compression,
and can be accessed only by EUS. Varadarajulu et
[13]
al
noted that the location of a pseudocyst is not
predictive of treatment success. However, two cases
of perforation have been reported when transgastric
drainage was attempted for pseudocysts located in the
uncinate process of the pancreas. This complication did
not occur when uncinate pseudocysts were drained via
the duodenum. Following transmural stenting, a low
hanging pseudocyst in the uncinate region becomes
decompressed, and may disconnect from the stomach
[14]
wall, leading to perforation .

DOES THE AMOUNT OF INTERNAL
DEBRIS MATTER?
In the context of draining PFCs, technical success
refers to achieving access to a PFC and the placement
of transmural stents, whereas clinical success means
resolution of the collection. Very high clinical success
rates (90%-100%) have been achieved when draining
[9,12,15]
pseudocysts
. However, when treating cases of
walled off pancreatic necrosis, the clinical success rates
are generally poor. In a recent study of 211 patients
with symptomatic PFCs, the reported success rate for
treating sterile and infective pseudocysts was 93.5%,
[13]
but only 63.2% when treating a WON . Baron et
[16]
al
reported a 92% success rate when performing
pseudocyst drainage in patients without necrosis,
compared to 72% in patients with necrosis. Although
that study utilized non-EUS-guided endoscopic
drainage, it illustrates the principle that outcomes
achieved when performing endoscopic drainage of
pseudocysts are superior to those achieved when
draining collections with infected necrosis. In another
study, drainage of a necrosis was clinically successful
in only 25% of cases, but technically successful
[12]
in 50% of cases . If an aggressive endoscopic
approach using endoscopic necrosectomy is adopted,
success rates up to 81% can be achieved when
[17]
treating a WON ; however, adjunctive surgical and
percutaneous drainage may be required. Varadarajulu
[18]
et al
suggested multiple transluminal gateway
treatment (MTGT) for a WON, by which they attained
a successful response in 92% of patients. In those
cases, two or three transmural tracts were created
between the necrotic cavity and gastrointestinal lumen
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A

B

PP

PP

Figure 3 In the same patient, endoscopic ultrasound permits visualization of the pancreatic pseudocyst, assessment of wall maturity, determination of
distance between the collection and the luminal wall, identification of intervening vessels or collaterals (arrow) (A), and selection of the optimal puncture
site (B). PP: Pancreatic pseudocyst.

a mean size of 9.95 ± 2.75 cm, and were found to
contain < 10%, 10%-40%, and > 40% solid debris
in 6, 33, and 4 patients, respectively. Patients with
< 10% necrotic debris required only a single ses
sion of endoscopic drainage, whereas patients with
10%-40% solid debris required two or more sessions.
Patients with > 40% solid debris required either direct
endoscopic debridement or surgical necrosectomy. The
extent of necrosis was significantly correlated with the
type of treatment received by the patient (r = 0.703, P
< 0.001).

Figure 4 Fluoroscopic image showing transpapillary drainage of a pancreatic
pseudocyst that is shared with the main pancreatic duct.

by using EUS guidance. While one tract was used to
flush normal saline solution via a nasocystic catheter,
multiple stents were deployed in the tracts to facilitate
drainage of the necrotic contents.
As the amount of necrotic component in a collection
increases, the success rate of draining the collection
progressively decreases, unless aggressive endoscopic
necrosectomy or concomitant percutaneous drainage
is also used. The need for surgical intervention is
also more common in these groups of patients. The
revised Atlanta classification describes a WON as a
well encapsulated fluid collection which occurs 4 wk in
the setting of necrotic pancreatitis. However, this may
not always be true, as previous necrotic collections
can liquefy over time. A study conducted in India had
patients undergo follow-up EUS examinations at 6
wk, 3 mo, and 6 mo after the onset of acute necrotic
pancreatitis, and found that not all fluid collections
following acute necrotic pancreatitis had a solid
necrotic component. During the time period studied,
the collections tended to decrease in size and their
solid content tended to liquefy, with almost half of the
[19]
PFCs being completely liquid at 6 mo .
Another study conducted by the same group
examined 43 patients with a symptomatic WON
[20]
treated by endoscopic drainage . The WONs had
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CHOICE OF TRANSMURAL ACCESS
DEVICES
The widespread use of EUS-guided PFC drainage has
been limited by a lack of dedicated accessories. This
factor necessitates using multiple steps to place a
transluminal stent. The fluid collection is first visualized
using a linear echoendoscope, and Doppler technology
is used to ensure that no blood vessels lie in the line
of puncture. The PFC is then visualized and punctured
using a 19-gauge FNA needle, a cystotome or needle
wire. After puncturing, a 0.035 guide wire is inserted
into the PFC. When multiple stents need to be placed,
some physicians prefer using a double guide wire
approach in which two guide wires are simultaneously
[21]
inserted after the first puncture . A novel lumenTM
apposing self-expandable metal stent (AXIOS
system, Xlumina; Mountain View, CA, United States)
has recently been developed that can be deployed
in a single step (Figures 6 and 7). The stent has a
dumbbell-shaped configuration that foreshortens on
deployment, and thereby minimizes the possibility of
[22]
leakage or perforation .

CYSTOENTEROTOMY PATENCY
DEVICES
A variety of stents have been used to maintain patency
of the fistulous tract between the gut lumen and the
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A

B

Figure 5 Endoscopic ultrasound image of a 5 cm chronic pseudocyst with a thin wall (A) or a 7.8 cm irregular pseudocyst with walled off necrosis (B).

Figure 6 Endoscopic image of a self-expandable metal stent immediately
after endoscopic ultrasound guided drainage (AXIOSTM system, Xlumina,
Mountain View, CA, United States). Note the fluid floating through the stent
opening. A guidewire extending through the stent lumen is still visible.

Figure 7 Corresponding endoscopic ultrasound image of a collapsed
pancreatic pseudocyst immediately after drainage. Note reflexions from the
stent mesh inside the collapsed cyst.
[24]

PFC. Single plastic stents (straight or double pigtail),
multiple plastic stents, nasocystic drainage catheters,
enteral metal stents, and biliary metal stents have all
been tried. Some studies have also used combined
modalities such as plastic stents in combination
with nasocystic drainage catheters or double pigtail
stents axially placed through a metal stent. While
the available literature includes studies which used
a variety of stents in combination, there is no clear
evidence to suggest that metal stents are better than
plastic stents, or that one type of plastic stent is better
than another.

Pseudocysts

[23]

Lopes et al
used single plastic stents for draining
pseudocysts. While drainage was successful in 93% of
patients, 25% of patients experienced a recurrence.
Those investigators also noted that complications
occurred more frequently when using straight stents
as compared to double pigtail stents; however, the
difference was not statistically significant. Straight
stents do not have anchorage, and thus can migrate
more easily than double pigtail stents. Additionally,
straight stents have been reported to cause bleeding
and perforation.
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Antillon et al
performed a single center pro
spective cohort study which examined the efficacy
of single-step EUS-guided transmural drainage of
pseudocysts. During the index procedure, complete
resolution of the pseudocyst was achieved in 27
(82%) of 33 patients. Four additional patients (12%)
had partial resolution (50% reduction in cyst size)
accompanied by symptom resolution. Recurrence was
observed in only one patient during a median followup period of 46 wk.
In a retrospective study, 87 consecutive patients
with pancreatic pseudocysts were managed by EUSguided drainage. Sixty-three patients with solid debris
were drained via nasocystic drains placed alongside
stents, while 24 patients with solid debris were drained
via transmural stents. The short-term success rate
among patients with viscous solid debris-laden fluid
and whose pseudocysts were drained by both stents
and nasocystic tubes was 3-fold greater than that
among patients who were drained by stents alone (OR
= 3.6; 95%CI: 1.2-10.7; P = 0.03). Long-term followup results showed a non-significant trend suggesting
that pseudocysts were better resolved when debris
was drained using nasocystic drains placed alongside
stents compared to using stents alone (79% vs 58%
respectively, OR = 2.7; P = 0.059). Moreover, when
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draining debris-laden cysts, the rate of stent occlusion
was higher when using stents alone rather than
nasocystic drains placed alongside of stents (33% vs
[25]
13%, P = 0.03) .
[21]
Seewald et al
used a single step, simultaneous
double-wire technique in conjunction with a prototype
device to drain symptomatic cysts in eight patients.
After puncturing a cyst, two 0.035-inch guide wires
were simultaneously inserted into the cyst cavity.
Next, transmural stenting was performed with an 8.5F
double pigtail stent, and a 7 French nasocystic catheter
was inserted into the cavity. The cavity was irrigated
with a total of 1500 mL of saline solution daily (7-21 d
duration) administered through the nasocystic catheter
to prevent accumulation of pus and debris. Followup CT scans showed that all patients experienced
complete resolution of their pseudocysts, and no
recurrence was found during follow-up periods ranging
6 to 16 mo.
[26]
Due et al
described 10 patients who underwent
pancreatic pseudocyst drainage; among whom, 7
patients received a 10 mm × 20 mm covered doubleflanged metal stent. Three of the 7 patients who
received the metal stent developed sepsis due to stent
blockage, and one patient experienced persistent
leakage. Two of the patients with stent blockage and
the one patient with a leak ultimately required surgical
[27]
intervention. Fabbri et al
reported the drainage of
20 patients with infected fluid collections using covered
self-expanding metal stents (SEMS; 4 cm or 6 cm
long, 10 mm diameter). The procedure was technically
successful in all of the patients, and the treatment
success rate was 90%. One month after insertion, the
stents were removed, and the removal procedure was
successful in all except one patient. Additionally, one
stent had migrated and one patient required surgery.
Several attempts have been made to provide better
anchorage to SEMS by deploying plastic stents through
them, and thereby reduce the likelihood of migration.
[28]
Talreja et al
described a series of 16 patients with
PFCs who underwent endoscopic drainage. SEMS
(10 mm × 60 mm) were inserted, and double pigtail
plastic stents were deployed through or alongside the
metal stents to provide better anchorage. That study
showed a 95% treatment response rate, and stent
migration occurred in only one patient. Comparable
[29]
results were reported by Penn et al , who used the
same technique to drain pseudocysts.
[30]
A study from California
evaluated the safety and
efficacy of EUS-guided drainage of PFCs using a oneTM
step access device (NAVIX , Xlumina), followed by
placement of a fully covered SEMS. Eighteen patients
with a PFC showing indeterminate adherence were
enrolled. After 7-10 d, the fully covered SEMSs were
removed and replaced with double-pigtail stents.
When indicated, tract dilation and endoscopy-guided
cyst debridement were performed. Fully covered
SEMS placement was technically successful in all
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18 patients, and there were no complications. Cyst
resolution was achieved in 78% of the patients, and
the median procedure time was 37.5 min. Berzosa et
[31]
al reported 100% technical and clinical success rates
when using SEMSs, and found no instance of stent
migration. The majority of SEMSs used in that study
were tubular stents designed for transluminal drainage,
including bile duct drainage. When used for trans
mural drainage, these SEMSs have some limitations,
including a high risk of stent migration and a possibility
of causing tissue injury and bleeding. As a result of
those limitations, a novel large-diameter SEMS with
bilateral flanges (the AXIOS stent) has been specifically
designed for transmural drainage. It consists of a
barbell-shaped, flexible, fully covered, self-expanding
nitinol stent housed within a catheter-based delivery
system. The new SEMS is available in two sizes (10
mm × 10 mm and 15 mm × 10 mm), and its 10 mm
saddle length is designed to appose the stomach or
[32]
duodenum to the PFC wall. In 2012, Itoi et al
first
described the use of AXIOS stents in a series of 15
patients with symptomatic pseudocysts who underwent
drainage. All stents were successfully deployed
without complications; the pseudocysts resolved after
a single drainage procedure, and the median time to
removal was 35 d. Although one stent migrated into
the stomach, the remaining 14 stents were found to
be patent at the time of removal. Moreover, there was
no pseudocyst recurrence during a median follow-up
[33]
period of 11-mo. In 2013, a Spanish study reported
the use of AXIOS stents for pseudocyst drainage. In
that study, the technical success rate was 88% (8/9
patients), as the stent delivery system failed in one
case. However, no stent migration was reported and
all stents were easily removed. Moreover, all patients
experienced a complete resolution of their cyst.

Walled-off necrosis

A WON often leads to the severe clinical deterioration
of a patient, and requires treatment with open
debridement or endoscopic necrosectomy. Infection is a
common complication which occurs during endoscopic
drainage of pancreatic fluid collections, and is more
common in patients with a WON than patients with
a pseudocyst. This increased incidence of infection in
cases of WON is presumably due to stent occlusion
by solid debris and subsequent bacterial colonization.
Hence, most physicians favor placing multiple stents,
and especially in cases of WON. When performing
MTGT, two or three transmural tracts are created
between the necrotic cavity and gastrointestinal
lumen under EUS guidance. While one tract is used to
flush normal saline solution via a nasocystic catheter,
multiple stents are inserted into the other tracts to
facilitate drainage of necrotic contents. Varadarajulu
[18]
et al
compared MTGT with conventional EUS-guided
drainage in 60 patients with a symptomatic WON.
Twelve of the patients were managed by MTGT and 48
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by conventional drainage. Treatment was successful
in 11 of 12 (91.7%) patients managed by MTGT vs
25 of 48 (52.1%) patients managed by conventional
drainage (P = 0.01). Although 1 patient in the MTGT
cohort required endoscopic necrosectomy, 17 patients
who received conventional drainage required surgery,
3 underwent endoscopic necrosectomy, and 3 died
of multiple-organ failure. A multicenter prospective
[22]
study
from the United States evaluated the out
come of AXIOS stent placement in 33 patients with
symptomatic pancreatic pseudocysts and WONs. The
devices were successfully placed under endoscopic
ultrasound guidance in 30 patients (91%), while the
remaining 3 patients each received two double-pigtail
stents. One subject could not be evaluated due to a
pseudoaneurysm. Among the 29 patients who received
an AXIOS stent, 27 patients (93%) showed resolution
of their PFC, and stent migration was noted in only
one patient. In a large multicenter trial involving 15
European centers, 61 patients with either a pseudocyst
(n = 46, 75%) or WON (n = 15, 25%) were drained
using AXIOS stents. In that study, stent placement was
judged to be technically successful in 60 (98%) of the
61 patients. Clinical success, defined as resolution of
clinical symptoms combined with a decrease in the
PFC size to ≤ 2 cm on imaging, was achieved in 93%
of patients with a pancreatic pseudocyst and 81%
of patients with a WON. Treatment failure occurred
in nine patients (16%), including four patients who
required surgical intervention. Stent removal was
performed in 82% of patients after a median time of
32 d, and the removal procedure was rated as “easy”
by all but one patient. Endoscopic stent removal
was not performed in a total of 10 patients due to
stent migration (n = 3), stent dislodgement during
necrosectomy (n = 3), stent removal during surgery (n
= 2), or patient refusal (n = 2).

SINGLE OR MULTIPLE STENTS?
No randomized control trial has compared the benefits
of using a single plastic stent vs multiple plastic stents
vs a metal stent for treating a pseudocyst. However,
retrospective studies have shown that insertion of even
a single stent provides high rates of clinical resolution.
This is probably because stent occlusion has not
occurred due to the absence of solid necrotic debris.
A recent meta-analysis of 14 studies involving 698
patients found no difference in the rates of treatment
success between patients managed with multiple
plastic stents vs metal stents (89%, 95%CI: 87-91
vs 87% 95%CI: 76 to 91; P = 0.22, respectively).
Furthermore, the two cohorts showed no difference in
their respective rates of adverse events or pseudocyst
[34]
recurrence . However, these results may not apply in
cases of WON, because stent occlusion and consequent
treatment failure are likely occurrences, and the
chances of achieving clinical resolution and treatment
success depend on providing adequate drainage. This
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notion is reinforced by the successful use of MTGT
to treat cases of WON as proposed by Varadarajulu
[18]
et al , who placed multiple stents at different sites
in conjunction with a nasocystic drain to achieve
resolution of a WON in > 90% of cases.

DEFINITION OF CLINICAL AND
RADIOLOGICAL SUCCESS
Technical success is defined as the ability to access
and drain a pancreatic pseudocyst by placement of
a stent. Treatment success involves both clinical and
radiologic improvement. Clinical success refers to the
resolution of symptoms that prompted an intervention.
Radiologic success refers to a decrease in the size
of a cyst or its resolution. In a randomized clinical
trial comparing endoscopic and surgical drainage of
pseudocysts, treatment success for endoscopy was
defined as complete resolution or a decrease in the
size of a fluid collection to 2 cm or less as seen on a
CT scan, in combination with the resolution of clinical
symptoms as determined at an 8-wk outpatient follow[8]
up evaluation . Follow-up is usually done using upper
endoscopies and imaging techniques (either a CT scan
or abdominal ultrasound).

EFFICACY OF EUS-GUIDED DRAINAGE
OF PANCREATIC FLUID COLLECTIONS
Very high clinical success rates (90%-100%) have
[9,12,23]
been achieved by draining pseudocysts
; however,
less data is available concerning the clinical success
rates achieved when draining an abscess. While high
[35]
treatment success rates ranging from 80%
to >
[12]
90%
have been reported, the rates for clinical
resolution of a WON are generally poor. In a recent
study of 211 patients with symptomatic PFCs, the rate
of success in treating sterile and infected pseudocysts
was 93.5%, compared to only 63.2% when treating
[36]
WONs . However, the success rate for treating WONs
[17]
can be improved to 81% if an aggressive endoscopic
approach using endoscopic necrosectomy is adopted;
although adjunctive surgical and percutaneous
[18]
drainage may be needed. Varadarajulu et al
sug
gested multiple transluminal gateway treatment for
a WON, and achieved a clinically positive response
in 92% of patients when using this method. In a
retrospective review of 31 patients who received EUSguided drainage of fluid collections after pancreatic
resection, EUS-guided drainage was performed with
a technical success rate of 100%, and clinical success
[37]
was achieved in 29 of the 31 patients (93%) .

COMPLICATIONS AND RISKS OF EUSGUIDED TRANSMURAL DRAINAGE
When using EUS-guided transmural drainage, the rates
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[12,24,36,38-40]

of complication range from 1%-18%
, and
complications most frequently manifest as bleeding,
perforation, secondary infection or stent migration.
A retrospective study conducted by Varadarajulu
[13]
et al
reported a significantly higher complication
frequency in cases of pancreatic necrosis (15%) when
compared to cases involving a pseudocyst or abscess
(5%). Secondary infection is caused by contamination
of an incompletely drained WON or pseudocyst
resulting from premature stent occlusion or its uneven
collapse, and occurs in about 10% of cases. The
perforation risk increases when a pseudocyst wall is
poorly defined or is located > 1 cm from the intestinal
lumen. Very few cases of procedure-related mortality
have been reported, and the ones that have were
[12,41,42]
mainly related to bleeding
. Because surgery
is required in 5%-11% of cases, most complications
are conservatively managed by an interventional
[43]
radiologist or endoscopy . Complications such as
pneumothorax, air embolism, and intra-abdominal
abscess have been seldom reported in the literature.

WHEN TO CONSIDER SURGERY
Walled-off pancreatic collections can be surgically
managed with either an open surgical procedure or
a laparoscopic approach. Most surgical literature has
described the use of open surgical drainage procedures.
Open surgical drainage can be accomplished via
cystgastrostomy, cystenterostomy (direct drainage or
via a Roux limb) or resection. However, drainage can
also be accomplished using laparoscopic techniques.
Laparoscopic cystgastrostomy can be performed via an
anterior transgastric approach or a posterior approach
through the lesser sac. The latter approach requires
only a single gastrotomy in continuity with the walledoff pancreatic fluid collection. During the last 10 years,
endoscopic drainage has come to the forefront and
demonstrated efficacy comparable to that of surgical
drainage; additionally, it is less expensive to perform
and requires a shorter hospital stay.
Surgical drainage is a multidisciplinary decision
and should only be considered for patients who
have experienced previous endoscopic failures,
disease recurrence following a successful endoscopic
drainage, and patients who do not satisfy the criteria
for endoscopic or percutaneous drainage. In 2011,
[44]
Seewald et al
published a paper describing the long
term results of patients who underwent endoscopic
drainage of PFCs. Their retrospective analysis of 80
patients with symptomatic PFCs showed that fluid
collections were clinically resolved by endoscopic
methods in 67 (83.8%) patients, and surgery was
required for 13 patients (perforation: four patients;
endoscopically inaccessible areas: two patients;
inadequate drainage: seven patients). Five patients
required surgery within 6 mo after their first treatment
due to recurrent fluid collection. Moreover, during a
mean followup period of 31 mo, an additional four
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patients required surgery due to recurrent collections
as a consequence of underlying pancreatic duct
abnormalities that could not be treated endoscopically.
The long-term success rate of endoscopic treatment
was 72.5% (58/80 patients), and 28% of patients
required surgery.
The traditional approach to treating necrotizing
pancreatitis accompanied by a secondary infection of
necrotic tissue is open necrosectomy to completely
remove the infected necrotic tissue. However, this
invasive approach is associated with high rates of
complications and death (11%-39%), as well as
a risk of long-term pancreatic insufficiency. The
Dutch pancreatitis study group showed that an
incremental approach consisting of percutaneous
drainage followed, if necessary, by minimally invasive
retroperitoneal necrosectomy is a better strategy
than open necrosectomy for treating patients with
[45]
necrotizing pancreatitis and a secondary infection .
Additionally, new-onset multiple-organ failure occurred
less often in patients treated using the incremental
approach than in those treated via open necrosectomy
(12% vs 40%, P = 0.002).

FUTURE DIRECTIONS
The revised Atlanta classification of acute pancreatitis
better defines local complications which can be
associated with pancreatitis: acute PFC, acute
necrotic collection, pseudocyst formation, and WON.
In recent decades, interventional EUS has been
increasingly utilized in the management of these local
complications. With development of improved and
novel endoscopic devices dedicated to transmural
drainage of fluid and necrotic debris (access and
patency devices), we believe that EUS will become
an indispensable part of procedures used to diagnose
PFCs and image guided interventions.
The evidence provided in this review suggests that
the amount of necrosis is the most important predictor
of a successful outcome following drainage of a PFC.
Hence, it seems logical to classify these collections
based on their percentage of necrotic component or
debris as indicated by radiological imaging or EUS.
Thus we propose using a classification system in which
fluid collections can be categorized into 3 groups:
those with a solid component < 20%, those with a
solid component between 20%-50%, and those with
solid a component > 50%. As patient clinical outcomes
are directly related to the type of fluid collection being
treated, it is important to accurately distinguish a
PFC before initiating intervention. In this review, the
authors proposed using a management algorithm
based on the amount of internal debris present in a
PFC (Figure 8). For PFCs with < 20% internal debris,
transmural drainage with 1-2 double pigtail plastic
stents or a lumen apposing metal stent would probably
be sufficient. For PFCs with > 50% internal debris,
endoscopic necrosectomy with placement multiple
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Pancreatic fluid collections
(acute pancreatic fluid collection, acute
necrotic collection, pseudocyst, and
walled-off necrosis

Pancreatic fluid collections
with solid debris < 20%

Pancreatic fluid collections
with solid debris 20%-50%

Pancreatic fluid collections
with solid debris > 50%

(1) Transmural drainage with 1-2
double pigtail plastic stents or
lumen apposing metal stent
or
(2) Trans-papillary drainage
through ERCP if pancreatic
duct involved

(1) Lumen apposing metal
stent placement
or
(2) Transmural drainage with
multiple (> 2) double
pigtail plastic stents at
single site or multiple sites
+/- Transmural drainage
with nasocystic drainage

(1) Endoscopic necrosectomy
(2) Transmural drainage with
multiple (> 2) double
pigtail plastic stents at
single site or multiple
sites or lumen apposing
metal stent placement
+/- Transmural drainage
with nasocystic drainage
+/- Transcutaneous
ultrasound drainage
depending on size,
location and content

Figure 8 Authors' proposed endoscopic ultrasound-guided management algorithm based on the amount of internal debris inside a pancreatic fluid
collection.

plastic stents or a lumen apposing metal is required.
If the pancreatic duct is connected to the cyst, transpapillary drainage via ERCP can be performed on any
of these patients at the discretion of an endoscopist.
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METHODS: We evaluated the current literature for
various reported orthotopic colon cancer models
to understand their techniques, advantages and
limitations. An extensive literature review was
performed by searching the National Library of Medicine
Database (PubMed) using MeSH terms animal model;
colon cancer; orthotopic model; murine model. Twenty
studies related to colon cancer orthotopic xenograft
model were evaluated in detail and discussed here.
RESULTS: The detailed analysis of all relevant reports
on orthotopic model showed tumor take rate between
42%-100%. While models using the enema technique
and minimally invasive technique have reported
development of tumor from mucosa with tumor take
rate between 87%-100% with metastasis in 76%-90%.
CONCLUSION: Over the years, the increased under
standing of the murine models of human colon cancer
has resulted in the development of various models.
Each reported model has some limitations. These latest
models have opened up new doors for continuing
cancer research for not only understanding the colon
cancer pathogenesis but also aid in the development
of newer chemotherapeutic drugs as they mimic the
human disease closely.
Key words: Murine model; Colon cancer; Colon cancer
murine model; Orthotopic model; Animal model; Colon
cancer animal model; Colorectal cancer; Cancer model;
Colorectal cancer; Colorectal cancer animal model

Abstract
AIM: To make orthotopic colon cancer murine models
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a more clearly understood subject. The orthotopic
tumor models have been found to be more relevant
in replicating the human disease process as compared
to heterotopic models, many techniques for making
orthotopic colorectal murine models have been
reported.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: The murine models of colon cancer
represent an important tool for understanding the
etiopathogenesis and evaluating management
strategies for colorectal cancer, thus representing a
resource of immense potential in cancer research.
Over the years, the increased understanding of the
murine models of human colon cancer have resulted in
the development of various models. We evaluated the
current literature for various reported orthotopic colon
cancer models. Our paper discusses the techniques,
results, advantages and limitations of the presently
available murine models of colorectal cancer so that a
researcher can choose an appropriate colorectal cancer
murine model which fits their research goals.
Mittal VK, Bhullar JS, Jayant K. Animal models of human
colorectal cancer: Current status, uses and limitations. World J
Gastroenterol 2015; 21(41): 11854-11861 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i41/11854.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i41.11854

INTRODUCTION
National Cancer Institute and SEER (Surveillance,
Epidemiology and End Result) Program 2011, reported
the incidence of colon cancer as 43.3 and the number
of people dying from colon cancer as 15.9 per 100000
men and women per year. Colon cancer remains the
third most common cancer among men as well as
nd
women and 2 leading cause of cancer related deaths
[1]
in United States .
Recently, there have been many advances in
the understanding of colon cancer epidemiology,
pathogenesis, pathology, chemoprevention and
therapeutic options, which seem to have emanated
from continuing basic and clinical research. Host
genetic factors play a critical role in the patho
physiology of most human cancers. The immense
biological complexity of colon cancer has kindled the
development of more apt research design that could
simulate in a natural and spontaneous fashion the
pathophysiologic features of cancer biology. Rodent
models have many desired attributes and they share
a wide variety of characteristics with human that
has proven to be important in comprehending many
[2]
complex molecular facets of colon cancer . They also
act as an invaluable tool in the development of newer
chemotherapeutic drugs. This has made the laboratory
mouse (Mus musculus) as one of the most attractive
[3,4]
entity in oncologic research .
Thus there is a constant endeavor to develop
an animal model that closely mimics the malignant
disease process of humans. Although many animal
models were tried but as per NCI data only two animal
models based on breast and colon cancer histology are
[5,6]
successfully used in preclinical trials . Together with
that further studies have displayed that the human
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xenograft models have shown better results than the
murine allograft models in drug development. Till date
more than 100000 rodents have been sacrificed for the
development of chemotherapeutic drugs. Along with
that, this fact also remains that, millions of people all
over the world are alive today because of the animal
[7-9]
research .
Colorectal cancer basic research has grown itself on
the animal models, which have now become the pillars
for understanding the pathogenesis and for developing
newer chemotherapeutic drugs. The murine models
depict a resource of immense potential, as an intricate
disorder like colon cancer can be simultaneously
witnessed and manipulated by the researchers. Our
knowledge in this field has evolved a lot, and many
mouse models have been reported, but each has
certain limitations as there is no spontaneous colon
cancer and a carcinogen is required for tumor induction
in the rodents. Also, many of the mouse models have
inter-animal variability in the development of tumors
in the intestine. In spite of that animal models have
become an important tool in better understanding
the effect of genetic alterations on the disease
[10-12]
process
.
We reviewed the literature for evaluating the
different techniques of developing orthotopic xenograft
murine colorectal cancer models, their advantages and
limitations. This was done to offer the investigators
an appropriate model for research in order to
obtain robust and translatable data to aid further
understanding of colorectal cancer.

MATERIALS AND METHODS
An extensive review of the literature on murine models
of colon carcinogenesis was performed by searching
the National Library of Medicine Database (PubMed)
on 12/28/2014. The MEDLINE search was made using
MeSH terms: animal model; chemoprevention; coloncarcinogenesis; min-mice; colon cancer; colorectal
cancer; xenograft, heterotopic model, orthotopic
model, murine model. We found a total of 5622
literatures by searching above key words. All the 477
relevant articles were analyzed and interpreted in
detail and of these 20 manuscripts pertaining to colon
cancer orthotopic xenograft model were included in
this review.

RESULTS
Based on detailed analysis of all relevant reports on
orthotopic colorectal cancer xenograft model, we
categorized them into different groups according to
the techniques used to create these models. The
outcomes using different techniques in various studies
are discussed in Table 1.

Open surgical technique
[13]

Ogata et al
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in 1998, used in vivo KM12 SM cell lines
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Table 1 Characteristics of reported orthotopic murine models of human colon cancer
Technique

Author

Year Mice type

Open surgical

Ogata

1998

Hackl

2012

Nude

Priolli

2012

Nude

Enema model

Takahashi 2004
Kishimoto 2013

Nude
Nude

Microinjection

Donigan
Zigmond

2009
2011

Nude
Nude

Bhullar

2010

Nude/
SCID

Transanal low dose
electrocoagulation

Nude

Cell-line used

Tumor development
(%)/origin

Human colon carcinoma KM12 SM cells

100/Mural

25

Human colon cancer cells, transfected with
hCG and luciferase
Colorectal adenocarcinoma cell line
(CCL-218)
Human colon cancer cells, LS174T
Mouse rectal cancer cells, expressing green
fluorescent protein (GFP)
Murine colon cancer (CT26) cells
Murine colon cancer C57BL/6 CRC cells
Human colon cancer cells SW620, SW480
and LS174T
Murine cell line CRL-2639, CRL-2638
Human cell line HT-29,
LS-174T

87.5-100/Mural

50

42.8/Mural

00

95/Mucosal
100/Mucosal

NS
90

65/Mural
95/Mural

NA
NA

NS
90 (Lung)
09 (Liver)
3.3
NA

92-100/Mucosal
58-100/Mucosal

50-100
33-83

41-50
0-83.33

and injected them into cecal wall of nude mice through
an open surgical technique for making the orthotopic
xenograft model. They reported tumor take rate of
100% and metastasis to the regional mesenteric
lymph nodes in 25% and to liver in 50%.
[14]
Hackl et al
in 2012, injected human colon can
cer cell lines HT 29 and HCT 116 transfected with
human chorionic gonadotropin (b-hCG) and luciferase,
orthotopically into the caecal wall of severe combined
immunodeﬁcient (SCID) mice. The developing tumor
produces b-hCG and luminescent protein luciferin. The
levels of these markers correlate with tumor burden,
completeness of resection and recurrence. They
reported tumour take rates between 87% to 100%,
metastases to lymph nodes and liver in 50% and lungs
in 25% following intracaecal cell injection.
[15]
Priolli et al
in 2012, also used the open surgical
method for colonic diversion with distal fistula for
mation. This was followed by injecting of WiDR
colorectal (CCL-218) adenocarcinoma cell line into the
submucosa of the fistula made in the mice. Tumor
growth was reported in 42.8% mice with metastasis in
none.

Enema technique model
[16]

Takahashi et al
in 2004, developed a technique by
inducing short term colitis in nude mice by an irritant
agent, 3% dextran sulfate sodium (DSS) followed
by instillation of human colon cancer cells LS174T
transanally. They reported a tumor take rate of 95% in
rectum after 2 wk but could not observe any significant
metastasis.
[17]
Kishimoto et al
in 2013, used 4% acetic acid
solution for two minutes, followed by flushing with 6
ml phosphate buffered saline (PBS) in order to disrupt
the epithelial cell layer of the distal rectal mucosa
followed by mouse colorectal cancer cell line CT-26
and the human colorectal cancer cell line HCT-116
cells, expressing green fluorescent protein (GFP)
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Lymph node
Distant
metastasis (%) metastasis (%)
10 (Lung)
50 (Liver)
25 (Lung)
50 (Liver)
00

were instilled transanally. Authors noted rectal tumor
development in 100% of the mice. Spontaneous lymph
node metastasis and lung metastasis were found in
over 90% of mice.

Microinjection technique
[18]

Donigan et al
in 2009, used an optical microscope,
to inject murine colon cancer (CT-26) cells into the
rectal wall of the nude mice under magnification
(10-100 ×) with an overall tumor take rate of 65%
and distant metastasis in 3.3%.
[19]
Using a similar technique, Zigmond et al in 2011
reported a murine model in which the murine and
human colon cancer tumor cells - C57BL/6 CRC tumor
cells and SW620, SW480 and LS174T respectively
were injected into the wall of distal rectum through
a murine colonoscope (Coloview- Karl Storz). They
reported tumor take rate of 95% with no metastasis.

Transanal low dose electrocoagulation technique
[20]

Bhullar et al in 2010, transanally instilled human (LS174T and HT-29) and murine (CRL-2638 and CRL-2639)
colon cancer cell lines in SCID and nude mice, after
transanal low dose mucosal electrocoagulation of the
colon. Overall tumors developed in 87.5% of mice
(42/48) i.e., 12 of 12 and 11 of 12 mice with murine
tumor lines (CRL-2638 and CRL-2639, respectively)
and in 7 of 12 and 12 of 12 mice with human tumor
lines (HT-29 and LS-174T, respectively). While overall
lymph nodal and distant metastasis was found in
66.66% cases (32/48) i.e., 12 of 12 and 6 of 12 mice
with murine tumor lines (CRL-2638 and CRL-2639,
respectively) and in 10 of 12 and 4 of 12 mice with
human tumor lines (HT-29 and LS-174T, respectively).

DISCUSSION
After reviewing all the current literature related to
orthotopic xenograft murine colorectal cancer models

11856

November 7, 2015|Volume 21|Issue 41|

Mittal VK et al . Current status of colorectal cancer murine models

Figure 1 Showing a heterotropic colonic tumor on the flank of the mouse.
(Image used from author’s personal collection).

in detail, it is clear that there has been enormous
development in the murine models over time. The
latest models are more applicative with high tumor
take rates, but still they have some limitations.
The historical murine cancer models were xenograft
heterotopic models which laid the foundation for the
development of newer orthotopic models. These
xenograft heterotopic models were traditionally made
by subcutaneous implantation of human colon cancer
cells into either, nude T-cell deficient mice or NOD
SCID mice (non-obese diabetic/severe combined
immunodeficiency). The formed tumor is located
externally in this model, so, its growth can be easily
and accurately monitored (Figure 1).
Though making a heterotopic model is easy, but
it has multiple pitfalls. It does not mimic the human
disease process because of the extra - anatomical
location of the tumor and the absence of metastasis
from the subcutaneous location made the model
inappropriate for study of the spontaneous metastatic
process. In the present scenario, the only role of the
heterotopic model is its use in making the orthotopic
model. Subcutaneously grown tumor is resected
after euthanizing the animal and small parts of the
tumor are then embedded on the colon to make the
[21,22]
orthotopic model
. The technically more advanced
orthotopic xenograft murine models are formed by
implanting colorectal cancer cells into colon and they
are superior to the traditional subcutaneous xenograft
tumor models. The orthotopic model resembles the
entire spectrum of colorectal cancer ranging from in
situ tumor to metastatic tumor. Commercially available
cell lines can be used for making the orthotopic
tumors, but these cell lines are altered by years of
cultures in vitro, so injecting cells directly from tumors
[23-25]
is preferred
.
As discussed earlier, there are various techniques
for instilling cancer cells into colon or rectum of murine
animal models.
To begin with, investigators have used open
surgery methods of implanting tumor cells with many
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variations to study colorectal tumorigenesis in animal
[26]
models. Pocard et al
in 1996 made subcutaneous
xenografts by injection of cancer cells subcutaneously
in flanks of the mice. When the tumors acquired a size
3
of > 1 cm , the mice were euthanized and the tumor
sliced into pieces measuring 2 mm × 2 mm × 2 mm.
These sections were later implanted under anesthesia
through a midline abdominal incision to the serosal
surface of cecum and fixed with a stitch and abdomen
closed. Identically, in another model, the tumor cells
were injected into colonic submucosa from the cecal
.
serosa rather than fixing with a stitch.
[13]
Ogata et al
in 1998, followed the similar tech
nique for orthotopic inoculation of human colonic
cancer cell lines KM12 SM into the cecal wall of nude
mice. They found tumors growing in 100% mice and
metastasis to the regional mesenteric lymph nodes in
[27-29]
25% and to liver in 50%
.
The open orthotopic models have multiple down
sides. The initial immune response following the
open and minimally invasive colon resections checks
its authenticity. They do not cause mesenteric and
retroperitoneal lymphatic metastases. Furthermore,
the prior proliferation necessary in these models alters
the growth and dissemination potential of the cell
[30-33]
lines
.
[14]
In 2012, Hackl et al
presented only study of
its kind which thoroughly compares all three ways of
human xenograft models of CRC i.e., subcutaneous,
orthotopic and intrasplenic. In this review we have
discussed the technical aspects of only orthotopic
xenograft done by open method. This new technique
to execute xenografts from human colon cancer cell
lines, transfected with luciferase and beta-hCG. In
the Orthotopic model, open surgical technique was
used. Cecum was assessed through midline incision
following which trypan blue was injected into cecal
wall. The cecum was then being stabilized carefully
on a scalpel holder to prevent spillage of tumor cells.
Using a 10 ml Hamilton syringe and 30G needle 5 ml
5
cells (5 × 10 ) were infused into the cecal wall under
4 × magnification. Though this approach has a high
tumor take rate of 87.5%-100% but the pitfall is
that it is an intricated technique requiring specialized
training, expertise hands and suitable instruments.
Intrasplenic tumor cell injection was followed by a
speedy colonization of the cancer cells to liver and
lungs, within a day, which could not be explained by
spontaneous metastasis. Mice yield to considerable
tumor load within a few weeks and drug efficacy also
could not be studied.
[15]
Priolli et al
in 2012 designed another open
surgical method in which colon diversion and distal
fistula formed, cancer cells were infused in the
submucosa of the fistula. Scintigraphy with 99mTcMIBI was performed to identify the tumor and monitor
its growth. Tumors developed spontaneously in the
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Figure 2 Colonoscopic picture on the left show a normal murine colon with smooth circumferential mucosa. While the colonoscopic picture on the right
shows the orthotopic tumor growth (marked). (Image used from author’s personal collection).

submucosa and histological examination revealed
poorly differentiated tumor cells identically to the cells
implanted. Distal fistula allowed easy monitoring of
the tumor growth and assessing the effect of cytotoxic
therapy. Tumor metastasis was not seen which may be
due to insufficient time for tumor spread, insufficient
number of cells inoculated or genotypic variance of
tumor cells regarding invasiveness and metastatic
potential.
Next is the enema model technique which requires
induction of colitis followed by instillation of cancer
cells transanally. Takahashi and associates in 2004
used a distinct non-surgical technique of orthotopic
implantation. They infused 3% dextran sulfate sodium
(DSS) to induce colitis followed by which cancer
[34]
cells were instilled transanally. Clapper et al
also
analyzed this approach by cyclically administering DSS,
which generated colorectal dysplasia and carcinoma
with similar pathological characteristics as humans.
The frequency and profusion of these lesions differ,
depending on the genre of mouse used, dose and
schedule of DSS. Also the advancement of these tumors
to invasive cancer could be potentiated by delivering
DSS simultaneously with a known colon carcinogen
{azoxymethane (AOM), 2- amino-3-methylimidazo[4,5fl] quinoline (IQ), 2-amino-1-methyl-6-phenylimidazo
[16]
[4,5-b] pyridine (PhIP)} or iron .
[17]
Kishimoto et al
in 2013 also used similar
technique for orthotopic implantation of mouse rectal
cancer cells, stably expressing green fluorescent
protein (GFP). Instilling acetic acid solution dis
integrated the epithelial cell layer of the rectal
mucosa. CT26-GFP cells in Matrigel were injected in
rectal mucosa 4mm from rectal ring. The anus was
promptly sealed by tape to restrain cell leakage. The
inoculated tumor cells were noninvasively observed
by fluorescence microscope. The mice were then
euthanized for histological studies and to investigate
potential metastasis. The carcinoma developed in
100% of mice, it initiated in rectal mucosa and then
invaded submucosa. The tumor metastasized to the
lymph nodes and lungs in 90% while dissemination to
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the liver was seen in only 9% of mice, contrary to the
fact that liver is the most common site for metastasis
of colorectal carcinoma. The authors elucidated it by
the development of tumor in the lower rectum, which
primarily drains in systemic venous circulation. As
tumors arise only in rectum, which may not be useful
in colonic studies, is major limitation of this model.
Another developed modality was microinjection
technique which involves instillation of tumor cells
directly into the colonic wall by microinjection. Donigan
[18]
et al
in 2009 has devised this non-operative
technique by using optical microscope in which the
colon cancer cells were injected into the rectal wall of
the mouse under magnification (10-100 ×) with an
overall uptake rate of 65%. But the hitch was that
the injection of the cells into the rectal wall evolved in
cancers not emanating from the mucosa. Using the
[19]
identical notion, Zigmond et al
in 2011 reported a
murine model in which the tumor cells were injected
into the wall of colon through a murine colonoscope
(Coloview-Karl Storz). They reported tumor take rate
of 95% with no metastasis. But, by the use of coloview
the tumor cells can be implantated only in distal
[35,36]
rectum
.
For overcoming problems and deficiencies with
the previously described colorectal cancer murine
[20]
models, Bhullar et al
2010 came up with a very
impressive noninvasive technique i.e., transanal low
dose electrocoagulation technique. They reported
a true orthotopic murine model using tumor cell
implantation after low-dose colonic mucosal coagulation
through a small transanal electrode resulting in
limited mucosal injury. Subsequently, they instilled
the tumor cells transanally on the injured mucosa,
which then proliferated in the non-ischemic bed. The
resultant tumors grew from the mucosal surface and
subsequently involved the deeper colonic layers. The
colonoscopic (coloview) view of the normal mouse colon
shows a smooth circumferential mucosa, while the
orthotopically grown tumor from the mucosal surface
can be easily detected and followed up (Figure 2).
Tumors developed in 87.5% of the mice (42/48)
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Colonic Lumen

Figure 3 Showing the large orthotopic colon cancer tumor involving the
surrounding structures (Lower marker). Also shown is the metastatic matted
group of lymph nodes (Upper marker). (Image used from author’s personal
collection).

Figure 4 Showing the orthotopic colon tumor growing from the colonic
mucosal surface (Black marker) (hematoxylin-eosin staining, magnification
× 100). There is surrounding normal colonic mucosa (white marker). Adapted from
Ref. [20].

i.e., 12 of 12 and 11 of 12 mice with murine tumor lines
(CRL-2638 and CRL 2639, respectively) and in 7 of 12
and 12 of 12 mice with human tumor lines (HT-29 and
LS 174T, respectively). The tumors were initially smaller,
but over time grew bigger to invade the surrounding
structures like the bladder, pelvic bones, etc. (Figure 3).
Histologic evaluation revealed that these tumors grew
from the mucosal lining (Figure 4). Overall Metastatic
disease i.e., lymph nodal in 32/48 i.e., 66.66%, while
liver, omentum and peritoneum involvement was
seen in 43.75% (21/48) of cases. Orthotopic model
using HT-29, LS 174T human cell lines showed tumor
development in 58%-100% cases, lymph node and
[20]
liver metastasis seen in 33-83.33% cases .
This noninvasive model has succeeded in dealing
with most of the limitations of the antecedent mo
dels as: (1) there is no need of laparotomy for tumor
implantation at colon or rectum; (2) easy to learn
noninvasive technique with high reproducibility; (3)
it closely mimics the natural development of disease
process in humans; and (4) tumor uptake was 100%
and metastasis was 83.33% with human cell line (LS
174T).
This model has come as a boon in the research for
human colon cancer. It has enormous potentials and
can be used to study tumor development, metastasis,
and evaluation of novel chemotherapeutics for the
colorectal cancer.
With the escalating worldliness of modelling
carcinogenesis in mice, an intricate disorder can
be simultaneously witnessed and manipulated by
the researchers. The recently developed orthotopic
xenograft murine models of colon carcinoma have
added a new dimension in the research of colorectal
cancer by overcoming limitations of the earlier ones.
The model by our group has overcome most of
the shortcomings of the antecedent models and has
opened new way for understanding disease process

and testing therapeutic drugs that can potentially
benefit patients of human colorectal cancer.
At the same time better understanding of the
disease process along with the improved technology
available to the future researchers, we can expect
more advancement in these orthotopic murine models.
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Abstract
AIM: To evaluate ATP-binding cassette (ABC) transporters
in colonic pathophysiology as they had recently been
related to colorectal cancer (CRC) development.
METHODS: Literature search was conducted on
PubMed using combinations of the following terms:
ABC transporters, ATP binding cassette transporter
proteins, inflammatory bowel disease, ulcerative, colitis,
Crohns disease, colorectal cancer, colitis, intestinal
inflammation, intestinal carcinogenesis, ABCB1/
P-glycoprotein (P-gp/CD243/MDR1), ABCC2/multidrug
resistance protein 2 (MRP2) and ABCG2/breast cancer
resistance protein (BCRP), Abcb1/Mdr1a , abcc2/Mrp2 ,
abcg2/Bcrp , knock-out mice, tight junction, membrane
lipid function.
RESULTS: Recently, human studies reported that
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changes in the levels of ABC transporters were early
events in the adenoma-carcinoma sequence leading
to CRC. A link between ABCB1, high fat diet and gut
microbes in relation to colitis was suggested by the
animal studies. The finding that colitis was preceded by
altered gut bacterial composition suggests that deletion
of Abcb1 leads to fundamental changes of hostmicrobiota interaction. Also, high fat diet increases the
frequency and severity of colitis in specific pathogenfree Abcb1 KO mice. The Abcb1 KO mice might thus
serve as a model in which diet/environmental factors
and microbes may be controlled and investigated in
relation to intestinal inflammation. Potential molecular
mechanisms include defective transport of inflammatory
mediators and/or phospholipid translocation from one
side to the other of the cell membrane lipid bilayer
by ABC transporters affecting inflammatory response
and/or function of tight junctions, phagocytosis and
vesicle trafficking. Also, diet and microbes give rise to
molecules which are potential substrates for the ABC
transporters and which may additionally affect ABC
transporter function through nuclear receptors and
transcriptional regulation. Another critical role of ABCB1
was suggested by the finding that ABCB1 expression
identifies a subpopulation of pro-inflammatory Th17 cells
which were resistant to treatment with glucocorticoids.
The evidence for the involvement of ABCC2 and ABCG2
in colonic pathophysiology was weak.
CONCLUSION: ABCB1, diet, and gut microbes
mutually interact in colonic inflammation, a well-known
risk factor for CRC. Further insight may be translated
into preventive and treatment strategies.
Key words: ATP-binding cassette transporters;
Colorectal cancer; Intestinal; Inflammatory bowel
disease; Inflammation; Adenoma-carcinoma sequence
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently, human studies reported that
changes in the levels of ATP-binding cassette (ABC)
transporters were early events in the adenomacarcinoma sequence leading to colorectal cancer. A
link between ABCB1, high fat diet and gut microbes in
relation to colitis was suggested by the animal studies.
The Abcb1 KO mice might thus serve as a model in
which diet/environmental factors and microbes may
be controlled and investigated in relation to intestinal
inflammation. Such strategy may provide insight
which can be translated into preventive and treatment
strategies to benefit the patients.
Andersen V, Svenningsen K, Knudsen LA, Hansen AK,
Holmskov U, Stensballe A, Vogel U. Novel understanding of
ABC transporters ABCB1/MDR/P-glycoprotein, ABCC2/MRP2,
and ABCG2/BCRP in colorectal pathophysiology. World J
Gastroenterol 2015; 21(41): 11862-11876 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i41/11862.htm DOI:

WJG|www.wjgnet.com

http://dx.doi.org/10.3748/wjg.v21.i41.11862

INTRODUCTION
Colorectal cancer (CRC) constitutes the third most
common cancer in the world and the second leading
cause of cancer-related deaths. The number of cases
is increasing and has been estimated to raise from
1.4 million cases in 2012 to 2.4 million cases in 2035
[1]
worldwide . Early detection of CRC is important as
early treatment has been associated with improved
[2]
outcomes and saved lives . Therefore, population
screening programs have been initiated in a number
of countries such as the United Kingdom, Australia,
[3-6]
Holland and Denmark
. The fecal occult blood
test (FOBT) is the most widely used for population
[7]
screening and individuals with a positive FOBT are
referred for an endoscopic investigation of the colonic
mucosa thereby enabling the sampling of biopsies
from the colonic mucosa.
Recently, a major part of research had focused
on improving prognosis and treatment selection
[8-10]
in CRC
. Another approach could be to prevent
the development of cancer in subgroups of patients
with high risk, i.e., secondary prevention. Thus,
the molecular evaluation of the (unaffected) colonic
mucosa from the patients undergoing an endoscopic
evaluation could potentially stratify the patients
according to their risk of developing CRC. Our recent
findings indicate that even healthy looking mucosa as
determined by histology may contain a significantly
[11]
elevated level of immune response proteins .
Biomarkers potentially predicting the disease risk
among selected patient groups could improve the
efficiency of the screening programs and patient care.
Furthermore, they have the potential to dramatically
alter the established patient care pathways as followup of the patients may be tailored according to their
individual risk and thereby the organization and use of
resources of the health care system.
CRC develops in the colonic mucosa which is
highly affected by the metabolic activities in the
intestinal lumen. The dietary items reaching the colon
are digested by the commensal bacteria giving rise
to various substrates which may prevent, initiate or
[12]
promote colorectal cancer development . Thus, in
order to understand the processes leading to CRC we
need to take into account the delicate interactions
between dietary intake, activity of the commensal
bacteria and host factors.
We recently reported that low ABCB1 and ABCG2
gene transcription levels and high ABCC2 levels are
early events in the colorectal adenoma-carcinoma
[13,14]
sequence
suggesting that changes in expression
levels of the ATP binding cassette (ABC) transporter
proteins [EC 3.6.3.44] precede cancer development.
In addition, inflammatory bowel disease (IBD) may be
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a risk factor for the development of CRC . Therefore,
we wanted to discuss the current understanding of
how these ABC transporters may affect intestinal
inflammation and carcinogenesis, how they may
potentially interact with the environment such as diet
and gut microbes, and whether this knowledge may
be utilized for improved treatment care strategies.

MATERIALS AND METHODS
Literature search was conducted on PubMed using
combinations of the following terms: ABC transporters,
ATP binding cassette transporter proteins, inflammatory
bowel disease, ulcerative, colitis, Crohn’s disease,
colorectal cancer, colitis, intestinal inflammation,
intestinal carcinogenesis, ABCB1/P-glycoprotein (P-gp/
CD243/MDR1), ABCC2/multidrug resistance protein 2
(MRP2) and ABCG2/breast cancer resistance protein
(BCRP), Abcb1/Mdr1a, abcc2/Mrp2, abcg2/Bcrp, knockout mice, tight junction, membrane lipid function.

RESULTS
ABC family of transporters; ABCB1, ABCC2, and ABCG2

The large family of ABC transporter proteins is highly
conserved through evolution and extensive sequence
and protein homology is shared between numerous
[15]
bacterial and eukaryotic ABC transport proteins .
The ABC proteins are found in the cell membranes and
intracellular organelles and the ABC family members
exert multiple different functions depending on the
[16]
cellular context .
The ABCB1, ABCC2, and ABCG2 transporters,
encoded by ABCB1, ABCC2, and ABCG2, respectively,
are located in the apical cell membrane of epithelial
and endothelial interfaces within the intestine, testis,
[17-20]
kidneys, liver, brain, and placenta
. Thereby,
they exert barrier functions influencing absorption,
distribution, excretion, and toxicology (ADME-Tox)
of exogenous substrates with potential impact on
[21-25]
inflammation and carcinogenesis
. ABCB1 and
ABCG2 transporters have also been identified on
[20,26,27]
haematological cells
. Whereas ABCB1 has been
extensively studied in relation to the gastrointestinal
[28]
[29]
system , less is known for ABCC2 and ABCG2 .
No monogenic diseases have been identified
[30,31]
involving ABCB1 and ABCG2
, but several dif
ferent mutations in ABCC2 have been observed in
patients with Dubin-Johnson syndrome, an autosomal
recessive disorder characterized by conjugated
[32]
hyperbilirubinemia .
Nuclear receptors such as aryl hydrocarbon receptor
(AHR), pregnane x receptor (PXR, NR1I2), vitamin D
receptor (VDR, NR1I1), and constitutive androstane/
activated receptor (NR1I3) are activated by a wide
variety of exogenous and endogenous factors including
diet, heavy metals, gut microbes, carcinogens and
[33,34]
[35]
inflammation
(reviewed in ). These nuclear
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receptors may be involved in the transcriptional regula
[34,36-40]
tion of ABC transporters
as are the transcription
factors nuclear factor kappa B (NF-κB), activator
[41]
protein 1 (AP-1) , and Wnt signaling transcription
[42]
factor TCF4 . Furthermore, ABCB1 undergoes
[43,44]
several posttranslational modifications (PTMs)
which have been shown to affect the stability of
[45]
ABCB1 and/or substrate transport specificities .
ABCB1 is a 170-180 kDa glycoprotein with N-linked
91
94
99
glycosylation at residues Asp , Asp and Asp . ABCB1
and ABCC2 have two ATP-binding sites and two sixtransmembrane domains in a symmetric structure
whereas ABCG2 is a half-transporter and have one ATP
binding site and one six-transmembrane domain.
ABC transporter substrates include many diverse
endogenous and exogenous molecules including amino
acids, peptides, metabolites, vitamins, fatty acids,
steroids, phospholipids, conjugated organic anions,
and dietary and environmental carcinogens, pesticides,
metals, metalloids, lipid peroxidation products and
[22-24]
drugs
. Substrate overlap has been reported
between the ABCB1, ABCC2, ABCG2, and especi
ally between ABCC2 and the basolaterally located
[23,29]
ABCC1
. Specific substrates and their potential role
in ABC transporter related gut inflammation will be
discussed later in this review.

Inflammation is a key factor underlying the development
of CRC

CRC is a heterogeneous disease complex with envi
ronmental, genetic and host factors involved in the
[46,47]
[48-50]
aetiology
. Inflammation is a risk factor for CRC
[51,52]
and accordingly, a subset of patients with IBD
[with
the two main forms ulcerative colitis (UC) and Crohn’s
disease (CD)] characterised by long-term and extensive
[53,54]
colitis are at high risk of CRC
. The incidences
[1,55]
of both CRC and IBD are rising
, which point to
important roles of environment factors.
The intestinal mucosa is by far the body’s largest
surface exposed to and interacting with environmental
factors. The intestinal epithelium and the mucus
form a barrier against luminal antigens and invading
[56,57]
microbes
. Microbial sensing by intestinal epi
thelium cells and local innate lymphoid cells (ILCs)
through pattern recognition receptors (PRR) leads
to secretion of pro-inflammatory cytokines such as
tumour necrosis factor-α (TNF-α), interferon-γ (INF-γ),
[58,59]
interleukin 6 (IL-6), and IL-17
, cytokines which
[60]
have been related to IBD and CRC . Activation of
[61,62]
PRR stimulates autophagocytic networks
. Also,
activation of the innate immune system may result in
activation of the adaptive immune response with T cell
involvement; Th1, Th2 and Th17 cells characterised
by secretion of their signature cytokines INF-γ, IL-4,
IL-17, respectively, whereas Tregs (and to a lesser
degree Th2), in contrast, are characterised by their
production of the anti-inflammatory cytokines IL-10
[63,64]
and transforming growth factor β (TGF-β)
. The
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Table 1 The ABCB1 , ABCC2 and ABCG2 mRNA and protein levels in intestinal tissue from patients with ulcerative colitis
Controls
Gene

Array
Protein

ABCB11
ABCC21
ABCG21
ABCB12
ABCC22
ABCG23

Inactive disease

Colon

Colon

P value

Rectum

1 (ref)
1 (ref)
1 (ref)
287
81
100 (9/9)

NA
NA
NA
-1.5
-8.6
80 (53/67)

NS
NS
NS

NA
NA
NA

Active disease

P value

Ref.

Colon

P value

Rectum

P value

22%
NA
11%

< 0.001
NS
< 0.001

34%
NA
16%

< 0.01
NS
< 0.001

24 (13/54)

0.01

[72]
[72]
[72]
[40]
[40]
[73]

1

The ABCB1, ABCC2 and ABCG2 mRNA levels in colon and rectum tissue from patients with ulcerative colitis in remission (n = 17) or with active disease
(n = 16) compared to the levels in colon tissue from healthy controls (n = 17). mRNA levels are normalised to the villin mRNA level. P values compared to
the expression in the controls; 2Microarray analyses of pooled cRNA from uninflamed colonic tissue from 4 patients with UC and 4 control subjects. Fold
change expression in colon tissue compared to controls. Statistically significant expression levels of ABCB1 were found in UC patients compared to controls
by RT-PCR analyses using 18S RNA as internal control (P < 0.05); 3Quantitative immunohistochemistry of formalin-fixed paraffin-embedded (FFPE) colonic
biopsies from 9 healthy individuals and 36 patients with ulcerative colitis. The values are n % (samples with positive staining/total number). P value for
active colitis compared to controls and inactive colitis, respectively. NA: Not available; NS: Not significant.

role of the Th17-associated cytokines in animal
[65]
[66]
[67]
models of colitis , IBD
and CRC
have been in
focus the recent years and it has been suggested that
Th17 cells may have evolved to combat bacterial and
fungal infections via orchestration of the neutrophil
[63]
inflammatory response . However, this seems to be
[68]
a simplistic view
and more T cell subsets with as
yet unclarified functions in IBD and CRC have been
[69-71]
identified these years
.

ABC transporters, IBD and CRC
[72]

Englund et al found significantly lower levels of both
ABCB1 and ABCG2 mRNA in colon and rectal biopsies
from 16 patients with active UC compared to healthy
individuals whereas the levels did not differ between
UC patients in remission and healthy controls (Table
1). The authors also reported lower ABCB1 and ABCG2
levels in colon from patients with active inflammation
[72]
[40]
compared with controls . Langmann et al reported
low levels of ABCB1 and ABCC2 mRNA in biopsies from
colon adjacent to inflammation from patients with UC
compared to the levels in controls. In contrast, Deuring
[73]
et al
reported similar levels of ABCG2 mRNA in
intestinal biopsies from healthy individuals, patients in
remission and patients with active inflammation but
dramatically reduced levels of ABCG2 in IBD patients
with active inflammation when compared to patients
in remission or healthy controls using quantitative
immunohistochemistry (Table 1). These observations
suggest that the low levels of ABCG2 observed in
inflamed colon were caused by posttranscriptional
[73]
processes . The study also found inflamed colon to
contain high levels of the endoplasmic reticulum (ER)stress marker GRP78 and in vitro they found nitric
[73]
oxide induced ER-stress to impair ABCG2 function .
The authors therefore suggested that incorrect protein
folding caused by inflammation-induced ER dysfunction
may lead to low levels of ABCG2 in inflamed colon of
[73,74]
IBD patients
.
The role of ABC transporters has also been inves
tigated in relation to CRC (Table 2). As previously
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mentioned, low levels of ABCB1 in colon was found
[13]
to be an early event that preceded malignancy .
Similarly, in another study using the same cohort
low levels of ABCG2 and high levels of ABCC2 mRNA
were found in both colon adenomas and carcinomas
compared to morphological normal tissue surrounding
the cancer tissue, and compared to levels in tissue from
[14]
healthy individuals . Taken together, the studies suggest
that changed expression levels of the ABC transport
proteins may be early events in the development of IBD
and CRC.
Genetically determined variation in ABC transporters
has been investigated in relation to risk of developing
[75-79]
[80-82]
[83-85]
IBD
and CRC
with varying results
.
In particular the polymorphisms ABCB1 C1236T,
G2677T/A, and C3435T have been investigated. These
polymorphisms are in linkage disequilibrium. Haplotype
frequencies vary among ethnic groups and the CGC
[86]
and TTT haplotypes are frequent among Caucasians .
The synonymous C3435T polymorphism was reported
to cause changes in protein folding due to ribosome
stalling caused by impaired interaction between the
tRNA and the chaperone protein that aids the folding
[86]
process at the ribosome
which resulted in altered
[87]
transporter function . A recent meta-analysis found
that the ABCB1 C3435T polymorphism (rs1045642)
[84]
was associated with risk of UC, but not with CD .
In relation to CRC, a large case-control analysis of
a Czech and two German cohorts of 4677 cases in
total found no indications of a strong role of ABCB1 in
[88]
CRC
which was in accordance with a meta-analysis
[85]
(not including the above study) . A prospective
study based on a Danish cohort found that two ABCB1
polymorphisms, including the C3435T polymorphism,
[82]
were associated with CRC risk . Furthermore,
these two polymorphisms were found to interact
with meat intake in relation to risk of CRC. Only few
studies of ABCC2 and ABCG2 polymorphisms as risk
factors for IBD and CRC have been performed. No
strong indications that genetic variation in ABCC2 or
ABCG2 per see is associated with IBD or CRC were

11865

November 7, 2015|Volume 21|Issue 41|

Andersen V et al . ABC transporters in IBD and CRC
Table 2 The ABCB1 , ABCC2 and ABCG2 mRNA levels in intestinal tissue from patients with adenomas and colorectal cancer and
healthy individuals
Unaffected tissue
ABCB1
Healthy individuals
Mild/moderate dysplasia cases
Severe dysplasia cases
Cancer patients
ABCC2
Healthy individuals
Mild moderate dysplasia cases
Severe dysplasia cases
Cancer patients
ABCG2
Healthy individuals
Mild moderate dysplasia
Severe dysplasia
Cancer patients

P value1

Adenomas/carcinomas

P value1

P value2

Ref.
[13]

0.012 ± 0.008
0.009 ± 0.004
0.009 ± 0.030
0.009 ± 0.014 (distant)
0.007 ± 0.009 (adjacent)

NS
NS
< 0.05
< 0.05

0.005 ± 0.004
0.003 ± 0.002
0.003 ± 0.005

< 0.050
< 0.050
< 0.001

< 0.001
< 0.001
< 0.001
< 0.010
[14]

5.35 ± 3.24
4.62 ± 4.79
6.66 ± 8.47
28.06 ± 68.84 (distant)
11.44 ± 25.58 (adjacent)

0.081
0.880
0.036
0.690

6.68 ± 6.77
10.18 ± 11.52
87.50 ± 270.21

0.87
0.27
0.0046

0.037
0.240
0.0037
< 0.0001
[14]

718.06 ± 761.24
732.85 ± 2305.28
448.02 ± 195.34
6679 ± 58353 (distant)
1302 ± 10090 (adjacent)

0.550
0.840
0.080
0.011

56.02 ± 118.42
76.31 ± 102.63
98.41 ± 476.36

< 0.0001
< 0.0001
< 0.0001

< 0.0001
< 0.0001
< 0.0001
< 0.0001

1

P values for comparison of the expression levels in tissue from healthy individuals adjusted for age and gender. Samples were available for 18 healthy
controls, 88-94 patients with mild/moderate dysplasia, 12 with severe dysplacia, and 121-122 patients with CRC; 2P value for the comparison of the
expression levels in morphologically unaffected and affected tissue from the same individual using Paired Student’s t-test. All values are mean ± SD.
ABCB1 mRNA levels are normalised to the β -actin mRNA level. ABCC2 and ABCG2 mRNA levels are normalised to 18S RNA levels. Matching samples
were available from ABCG2: 66-75 cases with mild-moderate dysplasia, 11 cases with severe dysplasia, and 63-80 and 66-99 CRC cases (distant unaffected
tissue, and adjacent unaffected tissue, respectively). NS: Not significant.

[80,81]

found

[98]

.

ABC transporters and colitis and dysplasia in animal
models

The Abcb1/Mdr1a knock-out (Mdr1a KO) mouse, in
which the gene corresponding to the human intestinal
[89,90]
ABCB1 gene has been deleted
, has been utilized
[91-95]
as an animal model of colitis
. The colitis is
characterized by histological changes and high levels
of the cytokines INF-γ, TNF-α, IL-1β, IL-6 and IL-17
thus resembling the findings in UC patients. The
[91]
classical study by Panwala et al
reported that a
proportion of Mdr1a KO mice developed colitis when
exposed to commensal gut bacteria. The development
of spontaneous colitis was prevented if the mice
were maintained germfree. Also, spontaneous
colitis and active inflammation was resolved by oral
treatment with a mixture of streptomycin, neomycin,
bacitracin, and amphotericin. These findings highlight
an important role of bacteria in the initiation and
[91]
perpetuation of colitis in the Mdr1a KO mouse . Since
then, the finding that lack of Mdr1a confers risk of
[94-98]
colitis has been replicated by others
. Furthermore,
a proportion of the Mdr1a KO mice dual-infected
with Helicobacter species (H.bilis and H. hepaticus)
[99]
developed dysplasia .
One study found redused in the diversity and
total number of bacteria in mdr1a KO mice compared
to wildtype mice. These alterations were found to
precede and associate with the development of
[95]
inflammation . Another study reported changes in
colonic gene expression which also preceded disease
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development . High expression of INF-γ was found
in histologically normal colonic tissue from Mdr1a
KO mice and the change preceded a high expression
of the inflammatory cytokines IL-1β, IL-6, TNF-α,
increased colonic permeability, and histologically
[98]
determined colon inflammation . Yet, another study
found a high level of the pro-inflammatory cytokine
[92]
IL-17 in colon from the Mdr1a KO mice model .
INF-γ expression has been associated with reduced
intestinal barrier function due to effects on tight
[96]
junction proteins . Also, one study suggested that
impaired intestinal barrier function contributed to
the development of colitis in Mdr1a KO mice. In this
study, high permeability of FITC-dextran (4.4 kDa) and
horseradish peroxidase (44 kDa) was found in colon
tissue mounted in Ussing chambers and in vivo, high
bacterial translocation to lymphoid tissue including
increased trabecular infiltrate with neutrophils were
[94]
found . These changes were observed prior to onset
of colitis. Furthermore, decreased phosphorylation
of tight junction proteins including occludin was
[94]
observed . Thus, inflammation and the following high
INF-γ expression may contribute to the loss of barrier
function which has been observed in the Abcb1 KO
mice.
High fat diet-induced obesity increases the fre
[100]
quency and severity of colitis in the mdr1a KO mice .
Wildtype mice feeding either high-fat diet or low fat
[100]
diet did not develop colitis
. In contrast, specific
pathogen free Mdr1a KO mice fed high fat diet had a
higher frequency and more severe colitis compared
[100]
to those who were fed a low fat diet
. Although
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Ⅰ. Passive "flip-flop"
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protein-mediated
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B

Ⅲ. Inward "import"
(P-type ATPase)

Ⅳ. Outward "export"
(ABC flippase)

Acceptor
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Outer

Inner
ATP

ATP

ATP

ATP

ATP hydrolysis

ATP hydrolysis

Ⅰ. Substrate enters
transporter from inner leaflet
and is flipped to outer leaflet

Ⅱ. Substrate enters
transporter from inner leaflet
and exits directly to acceptor

ATP

ATP
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ATP hydrolysis

Ⅲ. Solute/ion/amphiphiles
move directly into bilayer, and
out to external environment

ATP

ATP hydrolysis
Ⅳ. Substrate enters
transporter from outer leaflet
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Figure 1 The models presented are from Tarling et al[16]. A: Lipids can move across the membrane bilayer by multiple mechanisms. Four mechanisms are
proposed here: (1) membrane lipids passively diffuse or “flip-flop” from one leaflet of the bilayer to another; (2) bi-directional movement of lipids from one membrane
leaflet to another is enhanced by proteins present in the membrane bilayer; (3) P-type ATPases mediate the movement of specific lipids (phospholipids) from the outer
leaflet of the membrane bilayer; and (4) ABC transporters/flippases mediate the “outward” movement of specific lipids (phospholipids/cholesterol) from the inner leaflet
to the outer leaflet of the membrane bilayer; B: Mechanisms of substrate recognition and transport by ABC transport proteins: (1) substrates enter the transporter
from the inner leaflet and are flipped to the outer leaflet where they can exit the membrane bilayer; (2) as in (1) but the substrate exits the transporter directly to an
exogenous acceptor; (3) solute/ions/amphiphiles move directly into the bilayer, through the transporter protein and out to the external environment; and (4) substrates
enter the transporter from the outer leaflet and exits to an acceptor molecule.

the microbiota was not investigated in this study, the
authors concluded that the diet and potential dietinduced changes in microbiota was not sufficient
to induce colitis in the mice but that additional host
genetic factors are required before the high fat diet is
[100]
a risk factor for colitis .
Impaired immune system may also be involved in
the aetiology of colitis in the Mdr1a KO mice model.
In mice, regulatory T cells (Tregs) characterised by
[101]
the expression of the transcription factor Foxp3
are considered to down-regulate effector T cells that
react to microbial or other gastrointestinal antigens.
[97]
In the study by Tanner et al , they also found that
there appeared to be fewer Tregs present in intestine
from mdr1a KO mice and that these Tregs were
unable to effectively suppress TNF-α induced colitis.
These results are in accordance with the notion that
inflammation primarily is initiated by the innate
immune system.
In contradiction to the findings in the Mdr1a KO
mice model, Abcc2/Mrp2 KO and Abcg2/Bcrp1 KO
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mice were found to be phenotypically normal under
[102,103]
standard housing conditions
.

The molecular mechanisms of ABC transporters may
involve phospholipid transport

Cellular processes such as phagocytosis, apoptosis,
cytokine release, vesicle formation and tight junction
function require cell membrane budding and curvature
and therefore, different composition of the inner
and outer side of the lipid bilayer forming the cell
[104]
membrane (Figure 1) . Translocation of phospholipids
between the two sides of the lipid bilayer within the cell
membrane is therefore important for generating such
differences. ABCB1, ABCC2, and ABCG2 have been
found to translocate various phospholipid membrane
components; cholesterol, sphingomyelin, and other
glycosphingolipids suggesting that ABC transporters
are important for regulating the budding of the
[15,16,105,106]
membrane function
. Furthermore, the cellular
processes also require cell cytoskeleton anchoring
[107]
through specialised domains
. ABCB1 has been

11867

November 7, 2015|Volume 21|Issue 41|

Andersen V et al . ABC transporters in IBD and CRC
[106,108,109]

found to be associated with such domains
.
Other phospholipid transporters such as scramblases,
P 4-ATPases and additional members of the ABC
[15]
transporter family, are reviewed in .
In vitro studies of rat kidney and Sertoli cells
support the involvement of ABC transporters in
[110,111]
tight junction function and apoptosis
. At the
Sertoli cell blood-testis barrier, ABCB1 was found to
co-localise with occluding, claudin-11 and junction
[110]
adhesion molecule A . Knockdown of Abcb1 (Abcb1a
and Abcb1b) by RNAi in rat Sertoli cell cultures led to a
decline of claudin-11, internalisation and degradation
of occluding, and disruption of tight junction barrier
[110]
function
. Another study found that ABCB1 de
creased apoptosis by decreasing the availability of a
[111]
precursor of ceramide
, an intracellular signalling
molecule involved in apoptosis induced by TNF-α and
[106,108]
other apoptotic stimuli
. However, the functions
of the ABC transporters may be tissue specific and
therefore the results may not apply for intestinal
conditions.

The molecular mechanisms of ABC transporters may be
related to the transport of other substrates

Figure 1 shows mechanisms of substrate recognition
[16]
and transport by ABC transporters . An in vitro
[112]
study by Pawlik et al
on cultured peripheral blood
mononuclear cells PBMC from healthy individuals
found that stimulation with phytohaemagglutinin
(PHA) leads to secretion of IL-2, IL-4, IL-6, IL-10,
[112]
INF-γ, and TNF-α
. Furthermore, secretion of IL-2,
IL-4, INF-γ, and TNF-α was inhibited by anti-MDR1
specific antibody whereas secretion of IL-6 and IL-10
was unaffected. In a similar study, blockade of ABCC1
by anti-MRP1 specific antibodies led to reversible
abrogated cytokine secretion of IL-10, TNF-α, IL-4 and
[113]
INF-γ
. However, another study using splenocytes
from Mdr1a KO mice found that IL-2, IL-4, IL-10,
and INF-γ secretion was independent of ABCB1. The
authors suggested that ABCB1 may not be required
for secretion of these cytokines because they contain a
signal sequence designating the cytokines for secretion
[114]
from the cells . Yet, a further in vitro study by Pawlik
[115]
et al
on cultured PBMC, this time from 72 healthy
ABCB1 genotyped individuals was conducted. The
cultured cells were stimulated with PHA and cytokines
were measured in the supernatant. The authors found
significantly lower concentration of IL-2, IL-4, INF-γ,
and TNF-α, and unchanged concentration of IL-6 and
IL-10 in cultured cells from individuals with ABCB1
[115]
C3435T TT genotypes compared to CC genotypes .
Also, ABCB1 blockade by the antagonist PSC833
resulted in impaired IL-12 secretion by antigen
presenting cells from peripheral blood from healthy
human volunteers suggesting that functional ABCB1
[116]
is required for IL-12 secretion in these cells
. As
previously mentioned, cytokines and chemokines are
important modulators of intestinal inflammation and
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[108,117]

carcinogenesis
. Additionally, ABCB1, ABCC2,
[15,16,105]
and ABCG2 also transport bioactive lipids
.
The levels of the ABCB1 substrate platelet-activating
[117-119]
factor
have been found to be high in intestinal
[120]
mucosa from CD patients
. PAF has been reported
[121]
to regulate the function of tight junctions
and to
activate human neutrophils to extrusion of neutrophil
extracellular traps (NETs) mediating extracellular
[122,123]
capture and killing of bacteria
. Also, ABCB1 has
been reported to transport steroids, mineralocorticoids,
[106]
androgens and oestrogens
. Interestingly, the
ABC substrate testosterone was found to be a key
mediator of autoimmune responses in the non-obese
[124]
diabetic mouse model of type 1 diabetes . Whether
a similar phenomenon contributes to the observed
male preponderance in Mdr1a KO IBD mouse model
[94]
has not been studied as far as we know . ABCG2
transport the anti-inflammatory butyrate, a product of
bacterial digestion of dietary fibres, and phytoestrogen
[125,126]
from vegetables
. ABCC2 has been reported to
transport the pro-inflammatory signalling molecules
leukotriene (LT) B4 and LTC4 involved in dendritic cell
migration and CRC, and, furthermore, various diet[127-131]
and smoke-derived carcinogens
. Sulfasalazine
and 5-aminosalicylic acid (5-ASA, mesalazine) are
[132]
used for treatment and prevention of UC flares
.
ABCG2 is regarded as being the main transporter
[133,134]
of sulfasalazine
and ABCG2 activity has been
suggested as having impact on sulfasalazine treatment
[135,136]
efficacy in patients with rheumatoid arthritis (RA)
.

ABCB1 expression on T cells may identify proinflammatory Th17 cells

One study utilised ABCB1 expression to identify
human Th17 cells with a unique pro-inflammatory
[20]
transcriptional signature . This novel subset of Th17
cells, MDR1-positive Th17 cells, was identified by
fluorescence activated cell sorting (FACS) analysis of
PBMC from healthy individuals. Compared to MDR1negative Th17 cells, the MDR1-positive Th17 cells were
characterized by a high production of pro-inflammatory
Th1 (INF-γ) and Th17 (IL-17A, IL-17F, and IL-22)
cytokines and low levels of anti-inflammatory cytokines
[20]
such as IL-10 upon stimulation . In contrast to the
MDR1-negative T cells, the MDR1-positive T cells
were resistant to treatment with glucocorticoids.
Thus, MDR1-positive T cells from healthy humans
were enriched two- to three-fold during culturing of
peripheral blood memory T cells in the presence of
[20]
glucocorticoids . Furthermore, in a small study of
3-5 CD patients, MDR1-positive Th17 cells (assessed
as percent of the total number of memory cells) were
enriched both in non-inflamed and inflamed gut tissue
[20]
compared to blood levels . High mRNA levels of
IFN-γ, IL23R, and TNF were found in MDR1-positive
Th17 cells compared to MDR1-negative Th17 cells
following FACS-sorting of mononuclear cells from gut
[20]
tissue from two CD patients .
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Figure 2 Proposed mechanisms for the involvement of ABC transporters in intestinal inflammation.
[12]

DISCUSSION
The ABC transport proteins may confer a link between
the environment and intestinal inflammation and
potentially intestinal carcinogenesis via intestinal
[48-50,137,138]
[1]
inflammation
. Diet affects risk of CRC ,
[139-143]
[144-148]
the course
and risk of IBD
(reviewed
[149-153]
[154,155]
in
). Diet affects gut microbial composition
and both diet and intestinal microbes affect intestinal
[156,157]
[12,158-161]
inflammation
and carcinogenesis
.
A link between ABCB1, diet and the gut microbes
in relation to colitis is suggested by the animal studies.
High fat diet increases the frequency and severity of
[100]
colitis in specific pathogen-free Abcb1 KO mice
.
Undigested dietary items reaching the colon are
digested by commensal bacteria thereby providing
the host with valuable energy, essential vitamins,
fatty acids etc. Dietary fibre from grains, fruit and
vegetables is converted into short-chain fatty acids
(SCFA) which represent important key regulators
[12]
of the immune system . The gut microbiome in
active IBD is characterised by decreased microbial
[162]
diversity with a decreased number of Firmicutes
.
Low abundance of the Clostridium and Bacteroides
species which preferentially produce butyrate and
[163]
other SCFA may result in low production of SCFA
.
High intake of meat which is a rich source of sulphur
may lead to the formation of hydrogen sulphide by
[12]
bacterial fermentation
which, at least theoretically,
may be aggravated by high intake of milk fat which
was found to favour the presence of the sulphate[157]
reducing bacteria Bilophila wadsworthia in mice
.
Also, intake of animal fat may give rise to arachidonic
acid which is converted into e.g., prostaglandins and
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leukotrienes . Some of these molecules are ABC
transporter substrates including dietary pro- and antiinflammatory molecules, bioactive lipids, and bacterial
[125,126]
derived molecules
. Figure 2 shows potential
mechanisms of the involvement of ABC transporters in
inflammation. In addition, diet and other environmental
factors may impact the transcriptional regulation of
ABC transporters through effects on nuclear receptors
and transcription factors leading to changes of the ABC
transporter activity thereby affecting IBD and CRC. The
ABC transporters may impact IBD and CRC through
their transport of various substrates thereby affecting
underlying biological mechanisms involved in intestinal
inflammation (Figures 1 and 2).
ABC transporter polymorphisms have been
evaluated in relation to development of IBD and CRC
with inconsistent results. These studies are based on
the hypothesis that genetic variations are associated
with functional changes in ABC activity and/or
specificity. It has been suggested that genetic diversity
of the ABCB1 gene among various ethnicities may
contribute to the varying results in candidate gene
[164,165]
studies
. In addition, ABCB1 polymorphisms may
only be associated with risk of CRC in populations with
[166]
a relevant dietary exposure
. This aspect may be
exemplified by the finding of an interaction between
meat intake and the gene NFKB1 encoding NFκB p50
[137]
in a Danish cohort . This interaction may explain the
finding that the NFKB1 polymorphism was associated
with risk of CRC in a Swedish cohort but not in a
[167]
Chinese cohort . Meat intake are higher in Denmark
[168]
and Sweden compared to China . Therefore, NFKB1
was identified as a risk gene in the Danish and Swedish
high meat intake cohorts but not in the Chinese low
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meat intake cohort. A detailed assessment of the diet
seems to be important for assessing the roles of ABC
polymorphisms. Thus, future studies should focus on
studying large cohorts with well-defined and relevant
prospectively sampled environmental exposures in
order to identify underlying IBD and CRC disease
mechanisms.
Due to the many confounding parameters, potential
causality cannot be evaluated through molecular
epidemiological studies. Studies using animal models,
where a range of parameters can be controlled are
therefore needed for establishing causality. Germfree
mice do not develop colitis. Although germfree mice are
not exposed for living bacteria they will meet dietary
derived microbial antigens which could activate PRR in
the mucosa and induce inflammation. Inflammation,
however, has not been observed in the germfree mice.
Moreover, colitis can be prevented by antibiotics in
conventionally housed, specific pathogen-free, mice.
These findings suggest that microbial derived antigens
are not sufficient to trigger colitis but that living
microbes are needed and may thus point to potential
mechanisms such as microbial derived metabolites,
[169,170]
signalling peptides and extracellular vesicles
.
Indeed, gut microbial derived metabolites were
found to affect the balance between pro- and anti[171]
inflammatory cells in mice
. These metabolites
may be absorbed into the blood and thereby affect
distant organs. Gut microbes have been reported
to affect the immune system, in particular the Th17
[172-176]
pathway, in various autoimmune mouse models
.
[177]
Some studies, but not all
, indicate a similar
mechanism in humans which might also associate
[178-180]
with human autoimmunity
. Also, bacterially
derived fatty acids and other relevant metabolites
should be investigated in the Abcb1 KO mice like it
[171]
has been done in male C57BL/6 (B6) mice
. The
Abcb1 KO mice might provide a model, in which the
interplay of environment factors, diet, and microbes
can be controlled and investigated. Due to important
differences of human and murine immune systems,
the translational value of results obtained from the
mouse model need also to be evaluated through
human data.
The finding that presence of ABCB1 on immune
cells could be used to identify pro-inflammatory
Th17 cells may have important clinical implications
as glucocorticoids are a mainstay in the treatment of
[181]
serious flares of IBD
and since a large proportion
(20%-30%) of patients are resistant to glucocorticoid
[182]
treatment . Thus, high ABCB1 mediated drug efflux
may lead to decreased intracellular drug concentrations
[183, 184]
in target cells
and thereby confer glucocorticoid
treatment resistance. Likewise, ABCG2 activity
may affect efficacy of treatment with sulfasalazine.
Further evaluation of the roles of ABC transporters in
treatment response in IBD is warranted.
In conclusion, results from animal and human
studies indicate that ABCB1, diet, and gut microbes
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mutually interact in colonic inflammation. Diet
and microbes may give rise to molecules which
are substrates for the ABC transporters and may
additionally affect ABC transporter function through
e.g., nuclear receptors and transcriptional regulation.
The Abcb1 KO mice might provide a model in which
these factors can be controlled and investigated. Such
strategy may provide insight which can be translated
into preventive and treatment strategies to benefit the
patients. The evidence for the involvement of ABCC2
and ABCG2 in colitis was weak.
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Background

Colorectal cancer (CRC) constitutes the third most common cancer in the world
and the second leading cause of cancer-related deaths. The number of cases
is increasing and has been estimated to raise from 1.4 million cases in 2012
to 2.4 million cases in 2035 worldwide. Early detection of CRC is important as
early treatment has been associated with improved outcomes and saved lives.
Therefore, population screening programs have been initiated in a number
of countries such as the United Kingdom, Australia, Holland and Denmark.
The fecal occult blood test (FOBT) is the most widely used for population
screening and individuals with a positive FOBT are referred for an endoscopic
investigation of the colonic mucosa thereby enabling the sampling of biopsies
from the colonic mucosa.

Research frontiers

Recently, a major part of research had focused on improving prognosis
and treatment selection in CRC. Another approach could be to prevent the
development of cancer in subgroups of patients with high risk, i.e., secondary
prevention. Thus, the molecular evaluation of the (unaffected) colonic mucosa
from the patients undergoing an endoscopic evaluation could potentially stratify
the patients according to their risk of developing CRC. Recently, human studies
by authors reported that changes in the levels of ABC transporters were early
events in the adenoma-carcinoma sequence leading to CRC. These findings
indicate that even healthy looking mucosa as determined by histology may
contain a significantly elevated level of immune response proteins.

Innovations and breakthroughs

The authors recently reported that low ABCB1 and ABCG2 gene transcription
levels and high ABCC2 levels are early events in the colorectal adenomacarcinoma sequence suggesting that changes in expression levels of the ATP
binding cassette (ABC) transporter proteins [EC 3.6.3.44] precede cancer
development. In addition, inflammatory bowel disease (IBD) may be a risk
factor for the development of CRC. Therefore, the authors wanted to discuss
the current understanding of how these ABC transporters may affect intestinal
inflammation and carcinogenesis, how they may potentially interact with the
environment such as diet and gut microbes, and whether this knowledge may
be utilized for improved treatment care strategies. A link between ABCB1,
high fat diet and gut microbes in relation to colitis was suggested by the
animal studies. The Abcb1 KO mice might thus serve as a model in which
diet/environmental factors and microbes may be controlled and investigated in
relation to intestinal inflammation. Such strategy may provide insight which can
be translated into preventive and treatment strategies to benefit the patients.

Applications

Biomarkers potentially predicting the disease risk among selected patient
groups could improve the efficiency of the screening programs and patient
care. Furthermore, they have the potential to dramatically alter the established
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patient care pathways as follow-up of the patients may be tailored according
to their individual risk and thereby the organization and use of resources of the
health care system.
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METHODS: We conducted electronic searches for
journal articles on colorectal cancer (CRC)-associated
nomograms using the search terms colon/rectal/
colorectal/nomogram. Of 174 articles initially found,
we retrieved 28 studies in which a nomogram for CRC
was developed.
RESULTS: We discuss the currently available CRCassociated nomograms, including those that predict
the oncological prognosis, the short-term outcome of
treatments, such as surgery or neoadjuvant chemo
radiotherapy, and the future development of CRC.
Developing nomograms always presents a dilemma.
On the one hand, the desire to cover as wide a patient
range as possible tends to produce nomograms that
are too complex and yet have C-indexes that are
not sufficiently high. Conversely, confining the target
patients might impair the clinical applicability of
constructed nomograms.
CONCLUSION: The information provided in this review
should be of use in selecting a nomogram suitable for
obtaining desired predictions in daily clinical practice.
Key words: Colon; Rectum; Nomograms; Prognosis;
Cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To assist in the selection of suitable nomo
grams for obtaining desired predictions in daily clinical

WJG|www.wjgnet.com

practice.

Core tip: In this review, we discuss currently available
colorectal cancer (CRC)-associated nomograms,
including those that predict the oncological prognosis,
the short-term outcome of treatments, such as surgery
or neoadjuvant chemoradiotherapy, and the future
development of CRC. This review aims to assist in the
selection of suitable nomograms for obtaining desired
predictions in daily clinical practice.
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Initial retrieval
174

Screened out by title
107

Screened out by abstract
26

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignancies in Asia as well as in most Western
[1]
countries . A number of studies have suggested
scoring or stratifying the risk associated with CRC,
as represented by the American Joint Committee
[2-4]
on Cancer TNM classifications
. A nomogram is
a graphic calculating scale designed to provide the
likelihood of the occurrence of a specific event. In
clinical practice, a nomogram is typically used to
predict the probability of a particular outcome as
related to a disease. The clinical use of nomograms
extends as far back as 1928 when nomograms were
[5]
first used by Lawrence Henderson . In recent years,
a number of nomograms concerning the treatment
[6]
of cancers, including prostate cancers , gastric
[7]
cancers , and CRCs, have been reported because of
their user friendly interface and strong statistical ability
to predict individualized outcome.
In this systematic review, we discuss the currently
available CRC-related nomograms, including those
that predict the prognosis, the short-term outcome
of treatments, such as surgery or neoadjuvant chem
oradiotherapy (CRT), and CRC prevalence.

MATERIALS AND METHODS
Evidence acquisition

We used PubMed to perform electronic searches for
publications on CRC-associated nomograms. Our search
included all English language entries from inception until
February 2015 and incorporated the following keywords:
nomogram/colon/rectal/colorectal in all fields. Only
human studies were eligible for inclusion; case reports,
editorials, letters, commentaries, and nomograms that
were not published in print were excluded. Studies
that only validated previously published nomograms
without describing the development of new nomograms
were also excluded. The initial search resulted in 174
publications. After title and abstract screening, 41
studies remained, and 28 were finally selected for the
present review after full text screening (Figure 1).

RESULTS
Assessment of the predictive quality of nomograms

Before applying published nomograms to clinical

WJG|www.wjgnet.com

Articles to screen
full text
41

Screened out by full text
13

Articles selected
for inclusion
28

Figure 1 Flow chart of the study selection process.

practice, understanding the reliability of the predictions
as well as the limitations of each nomogram is
essential. First, the targeted patient characteristics and
predicted outcomes should be noted. The targeted
cancer location and the TNM stage varies among
nomograms, and inputting data into a nomogram
that was not developed pursuant to a particular
patient’s disease type might result in misreporting the
[8-42]
probabilities. In Tables 1, 2, 3 and 4
, we tabulated
nomograms according to patient backgrounds for
which the nomograms were developed as well as the
intended outcomes with the aim of assisting clinical
doctors in selecting the appropriate nomogram for
their particular needs.
Second, the concordance index (C-index) is
important. The C-index represents the ability of a
model to reliably predict whether individuals more
likely to experience the intended result and is
equivalent to the area under the receiver-operator
characteristic curve if there are no censored cases.
A value of 0.5 indicates no predictive discrimination,
whereas a value of 1.0 indicates perfect separation of
patients with different outcomes. C-indexes of most
nomograms ranged from 0.7 to 0.8, and those below
0.7 were regarded to have a relatively low prediction
ability. Third, whether the validation of the nomogram
was disclosed or not is also essential. Because the
outcome of a treatment varies substantially between
institutions, results from a single institution tend to be
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Table 1 Nomograms predicting stage Ⅰ-Ⅲ colorectal cancer oncological prognosis
Number C-index Validation Calibration
of
patients

Ref.

Year

Cancer
location

Targeted
patients

Predicted
outcome

Weiser et al[8]

2008

Colon

Stage Ⅰ-Ⅲ

RFS

1320

0.77

Absent

Present

Segelman et al[9]

2014

Colorectal

Stage Ⅰ-Ⅲ

Peritoneal
carcinomatosis

8044

0.78-0.80

Absent

Present

Ying et al[10]

2014

Colorectal

Stage Ⅰ-Ⅲ

RFS, OS, CSS

205

0.80-0.81

Absent

Absent

Zhang et al[11]

2013

Colon

Stage Ⅱ

RFS

735

0.65-0.82

Present

Present

Goossens-Beumer
et al[12]

2015

Colorectal

Stage Ⅱ/Ⅲ

RFS

93

0.80

Present

Present

Peng et al[13]

2014

Rectal

Stage Ⅱ/Ⅲ

OS, distant
metastasis

883

0.68-0.76

Present

Absent

Valentini et al[14]

2011

Rectal

OS, local
recurrence,
distant
metastasis

2795

0.68-0.73

Present

Present

van Gijn et al[15]

2015

Rectal

Clinical
stage Ⅱ
/Ⅲ patients
undergoing
adjuvant
radiotherapy
or chemora
diotherapy
Stage Ⅰ-Ⅲ

OS, local
recurrence,
distant
metastasis

2881

0.75-0.79

Absent

Absent

Variables

Comments

Age, CEA, No. of
positive and negative
nodes, pT, adjuvant
chemotherapy,
cancer location,
differentiation,
lymphovascular
invasion, perineural
invasion
Age, cancer location, Only webpT, pN, radicality,
calculator
type of surgery,
was
preoperative
available
radiotherapy, nodes
examined, adjuvant
chemotherapy
Chemotherapy,
tumor size, cell
differentiation, TNM
stage, neutrophil-tolymphocyte ratio
Expression of
microRNA, pT,
internal obstruction
or perforation, nodes
examined, tumor grade
Expression of
microRNA, TNM stage,
age, gender
Gender, age, CEA,
cancer location, pT,
pN, ratio of metastatic
lymph nodes, adjuvant
chemotherapy,
adjuvant
chemoradiotherapy
pT, cT, pN, age,
concomitant
and adjuvant
chemotherapy, surgical
procedure, gender,
dose of radiotherapy

Age, pT, pN, PA-stage,
distance, residual
cancer, surgical type,
gender, radiotherapy,
complications

RFS: Recurrence-free survival; OS: Overall survival; CSS: Cancer-specific survival; C-index: Concordance index; CEA: Carcinoembryonic antigen.

biased. If a reported C-index that used patient data
from an external institution was comparable to the
C-index of the derivation data set, the nomogram was
regarded as generally applicable across institutions.
Finally, a calibration plot should be provided. The
C-index only provides the overall stratifying ability of
a nomogram, whereas a calibration plot represents
the actual correlation between the nomogram-pre
dicted probability and the observed incidence.

WJG|www.wjgnet.com

Nomograms predicting stage Ⅰ-Ⅲ CRC oncological
prognosis

In terms of nomograms that predict long-term pro
gnosis after CRC surgery, no nomogram that predicts
prognosis for all stages has been developed because
the prognosis for stages Ⅰ-Ⅲ differs substantially from
that of stage Ⅳ and variables associated with prognosis
also differ markedly. As shown in Table 1, our search
retrieved 8 nomograms predicting the prognosis of
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Table 2 Nomograms predicting stage Ⅳ colorectal cancer oncological prognosis
Ref.

Year Targeted cancer

Treatment

Predicted
outcome

Number of
patients

C-index

Validation

Calibration

Variables

Beppu et al[18]

2012

Liver
metastasis

Hepatic
resection

DFS

727

Not
assessed

Validated by
Okuno et al[26]

Absent

Kanemitsu et al[19] 2008

Liver
metastasis

Hepatic
resection

OS, CSS

578

0.66-0.68

Validated by
Takakura et al[27]

Present

Kattan et al[20]

2008

Liver
metastasis

Hepatic
resection

CSS

1477

0.61

Validated by
Takakura et
al[27], Reddy
et al[28], and
Nathan et al[29]

Present

Kanemitsu et al[21] 2004

Lung
metastasis

Thoracotomy

OS

313

0.66-0.72

Validated by
Kanemitsu et
al[30]

Present

Liver and/or
Peritoneal
metastasis

Optimal
surgery plus
chemotherapy

OS

287

0.61

Absent

Present

Curative
resection

DFS, OS

1133

0.60-0.64

Present

Present

132

> 0.7

Present

Absent

Metachronous or
synchronous, pN, No.
of tumors, largest tumor
diameter, extrahepatic
metastasis, CA19-9
Histology, No. of lymph
node metastases, No.
of tumors, extrahepatic
metastasis, metastasis
of hilar lymph nodes,
surgical margin, CEA
Gender, age, primary
site, disease-free interval,
CEA, No. of tumors,
largest tumor diameter,
bilateral resection, > 1
lobe, pN
Histology, No. of tumors,
hilar/mediastinal lymph
nodes, extrathoracic
metastasis, CEA
No. of lymph node
metastases, peritoneal
carcinomatosis index,
planified procedure
Postoperative CEA, pT,
pN, No. of metastatic
organs, peritoneal
dissemination
MicroRNA expression
and BRAF mutations

1057

Not
assessed

Absent

Absent

Elias et al[22]

2014

Kawai et al[23]

2015 Metastatic CRC

Manceau et al[24]

2014

Massacesi et al[25]

Metastatic
Anti-EGFR
Risk of
CRC, KRASantibodies
progression
wild-type,
refractory to
chemotherapy
2000
Locally
Chemotherapy
OS
advanced or
metastatic CRC

Response to
chemotherapy, No. of
metastatic sites, CEA,
performance status

DFS: Disease-free survival; OS: Overall survival; CSS: Cancer-specific survival; CRC: Colorectal cancer; C-index: Concordance index; CEA: Car
cinoembryonic antigen; KRAS: Kirsten rat sarcoma viral oncogene homolog; EGFR: Epidermal growth factor receptor; BRAF: B-Raf proto-oncogene, serine/
threonine kinase.
[8-15]

stage Ⅰ-Ⅲ CRC patients
. Two nomograms were for
colon cancer, three were for colorectal cancer, and the
remaining three were for rectal cancer. Most of these
nomograms were published within the past few years.
[8]
In 2008, Weiser et al developed a nomogram
predicting recurrence after surgery using general
clinicopathological variables. Although the C-index
of this nomogram was sufficiently high, the overall
survival (OS) was not included in the outcome, and
external validation was not performed. Recently,
two nomograms for CRC, which were available in
municipal hospitals, were published. One nomogram,
[9]
developed by Segelman et al was unique because
it specialized in predicting peritoneal carcinomatosis
recurrence. The other nomogram, developed by
[10]
Ying et al , succeeded in achieving a high (greater
than 0.8) C-index by adding preoperative neutrophilto-lymphocyte ratio (NLR) to the conventional

WJG|www.wjgnet.com

clinicopathological variables as an additional predictor.
In several precedent studies, high NLR has been
reported to correlate with a poorer prognosis in
[16,17]
CRC
, and this group established the clinical
applicability of NLR by incorporating it into nomograms
that calculated the probabilities of recurrence free
survival (RFS), OS, and cancer-specific survival
(CSS). Because the number of patients included was
relatively small and no validation was performed,
future studies validating the nomograms developed by
[10]
Ying et al
with larger amounts of external patient
data would reinforce their results. MicroRNA classifiers
were incorporated in the remaining two nomograms.
[11]
One such nomogram developed by Zhang et al
demonstrated that six microRNAs (miR-21-5p, miR20a-5p, miR-103a-3p, miR-106b-5p, miR-143-5p,
and miR215) independently predict prognosis, and
one nomogram developed by Goossens-Beumer et
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Table 3 Nomograms predicting short-term outcomes of surgery for colorectal cancer
Ref.

Year

Cancer
location

Kiran et al[31]

2013

Colorectal

All colorectal 30-d mortality
surgeries

30900

0.89

Present

Present

Hedrick et al[32]

2013

Colorectal

All colorectal
surgeries

18403

0.64-0.65

Absent

Present

de Campos-Lobato
et al[33]

2009

Small
bowel/
colorectal

All colorectal
surgeries

Superficial
SSI, deep
incisional
SSI, and
combination
thereof
Organ space
SSI

12373

0.65

Present

Present

Frasson et al[34]

2014

Colon

All colorectal
surgeries

Anastomotic
leakage

3193

0.62-0.63

Absent

Absent

Yao et al[35]

2014

Rectal

476

0.84

Internal
validation

Absent

85190

0.75

Absent

Present

Russell et al[36]

Targeted
patients

Predicted
outcome

Number of C-index
patients

Laparoscopic Anastomotic
anterior
leakage
resection with
intracorporeal
rectal
transection
and doublestapling
technique
anastomosis
2013
Rectal/
Stage Ⅰ-Ⅲ Rate of margin
rectosigmoid
positivity

Validation Calibration

Variables

Comments

Age, ASA,
albumin, functional
dependency,
renal failure,
emergency surgery,
disseminated cancer
Diabetes, smoking,
disseminated
cancer, BMI, open or
laparoscopic surgery

Surgical site,
smoking, ASA,
wound class,
diabetes, steroid
use, prior surgery,
radiotherapy, open
or laparoscopic
surgery, age, BMI,
creatinine, albumin,
gender, transfusion,
operative time
Oral anticoagulants, Decisionintraoperative
tree
complications, BMI, diagram
total protein, gender, was also
No. of beds
presented
Cancer location,
operative time,
preservation of the
left colic artery

Age, gender,
ethnicity, cancer
location, TNM stage,
tumor size, tumor
grade, insurance
status, histology

SSI: Surgical site infection; ASA: American Society of Anesthesiologists; BMI: Body mass index; C-index: Concordance index.

[12]

al
focused on two microRNAs (miR-25-3p and miR339-5p). Although these studies demonstrated the
importance of microRNAs in CRC prognosis, currently,
it may be difficult to apply these nomograms at
municipal hospitals.
Three nomograms for rectal cancer prognosis have
been reported to date. Most notably, the nomograms
[14]
by Valentini et al
were developed using data from
five major European clinical trials. Because OS, local
recurrence, and distant metastasis were all included
in the predicted outcome and because both validation
and calibration were presented, these nomograms
should have high clinical applicability. However,
their usage is limited to patients who underwent

WJG|www.wjgnet.com

radiotherapy or chemoradiotherapy (CRT).
Therefore, of the nomograms predicting stage Ⅰ-Ⅲ
CRC prognosis, the nomograms developed by Weiser
and Valentini for colon and rectal cancer, respectively,
appear to be the most promising for clinical practice
because, in these nomograms, the number of patients
enrolled was large, no variables that are unavailable
in municipal hospitals were incorporated, and the
developed nomograms were well calibrated.

Nomograms predicting Stage Ⅳ colorectal cancer
oncological prognosis

Nomograms predicting the prognosis of metastatic
[18-25]
CRC are presented in Table 2
. Because stage
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Table 4 Other nomograms relevant to colorectal cancer
Ref.

Year

Jwa et al[37]

Targeted
patients

Treatment

Predicted
outcome

2014 Non-metastatic
rectal cancer

CRT +
surgery

ypN status

891

0.77-0.81

Present

Present

van Stiphout
et al[38]

2011

Rectal cancer

CRT +
surgery

Pathologic
complete
response

953

Not
assessed

Present

Present

van Stiphout
et al[39]

2014

Rectal cancer

CRT +
surgery

Pathologic
complete
response

190

0.70-0.78

Present

Absent

Maximal diameter
at day 15, RI, cN

Omata et al[40]

2011 Asymptomatic
individuals

Colorectal
neoplasms

1085

Not
assessed

Absent

Absent

Kawai et al[41]

2014

Colorectal
cancer

309

0.71

Present

Present

Wells et al[42]

2014

Age > 45

Postoperative
development
of
metachronous
colorectal
neoplasms
Colorectal
cancer
development

Quantitative fecal
immunochemical
test, gender, age,
BMI
Gender, age, No.
of synchronous
adenomas and
colorectal cancers

180630

0.68

Absent

Present

Surgery

Number of C-index Validation Calibration
patients

Variables
ypT, cN, histology,
lymphovascular
invasion,
perineural
invasion, age
tumor length, RI,
SUV

Comments

Pre- and postCRT PET-CTs
were used
to predict
response
Pre- and intraCRT PET-CTs
were used
to predict
response

Age, ethnicity,
smoking,
alcoholic drinks,
BMI, education,
aspirin, estrogen,
family history of
CRC, NSAIDs,
multivitamins,
red meat intake,
diabetes, physical
activity

CRT: Chemoradiotherapy; PET-CT: Positron emission tomography-computed tomography; RI: Response index; SUV: Standardized uptake value; CRC:
Colorectal cancer; BMI: Body mass index; C-index: Concordance index; NSAID: Non-steroidal anti-inflammatory drug.

Ⅳ CRC includes a wide variety of clinical settings,

the C-indexes were relatively low with most being
below 0.70. In contrast, most C-indexes of the
nomograms for stage Ⅰ-Ⅲ CRC were above 0.75,
as shown in Table 1. In terms of patients who
underwent complete resection of metastases, three
nomograms predicting the prognosis after resection
of liver metastasis with curative intent have been
[18-20]
established
; the widespread applicability of
these nomograms was demonstrated by external
[26-29]
validation studies
. These nomograms include
both synchronous and metachronous liver metastasis,
and two of these nomograms incorporated the
interval between primary CRC surgery and hepatic
resection as a variable because the prognosis of
metachronous liver metastasis was better than that
[21]
of synchronous lesions. Kanemitsu et al
and Kattan
[20]
et al
demonstrated carcinoembryonic antigen
(CEA) to be a strong prognosis-predictive marker,
whereas Beppu focused on CA19-9. Kanemitsu et
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[21]

al also constructed a nomogram predicting OS after
[21]
thoracotomy for lung metastasis from CRC , which
[30]
they subsequently validated in a separate study .
[22]
Elias et al
reported a nomogram specifically for
those with liver and/or peritoneal metastasis and for
those that underwent surgery including hyperthermic
intraperitoneal chemotherapy (HIPEC) with no ma
[22]
croscopically residual cancer . The nomogram
was unique in that it was based on the outcome of
156 HIPEC patients. Recently, we built nomograms
predicting DFS and OS after curative resection of
stage Ⅳ CRC, namely, the complete resection of both
[23]
primary CRC and synchronous distant metastasis .
We focused on the CEA concentration shortly after
surgery because high postoperative CEA may be
indicative of residual cancer cells and, consequently,
of recurrence. The nomograms should have an
advantage over previous nomograms because they
may apply to all stage Ⅳ cases regardless of the
metastatic organ, although their C-indexes were no
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greater than 0.7, which is similar to other stage Ⅳ
nomograms.
The remaining two nomograms predicted the
outcome of chemotherapy for those who were unable
to undergo complete surgical resection. One nomo
gram demonstrated the significance of hsa-miR-313p expression as a risk factor for cancer progression
in patients who were refractory to chemotherapy and
[24]
were treated with anti-EGFR therapy , and the other
nomogram demonstrated the 2-year survival of locally
[25]
advanced or metastatic CRC patients . Because
the latter was developed using patient data gathered
between 1990 and 1998, the predicted survival
may currently be improved due to the subsequent
development of diverse chemotherapeutic agents.

Nomograms predicting short-term outcomes of surgery
for colorectal cancer

There have been six published nomograms predicting
[31]
short-term operative outcomes, namely, mortality ,
[32,33]
surgical site infection (SSI)
, anastomotic lea
[34,35]
[36]
kage
, and the rate of margin positivity
(Table
3). Because of the low incidences of these outcomes,
most of the nomograms were constructed using large
national databases such as the American College of
Surgeons’ National Surgical Quality Improvement
Program; consequently, the numbers of enrolled
patients were greater than 10000 in five of these
nomograms, which was an order of magnitude greater
than the number of patients in the majority of the
studies predicting long-term oncological prognosis.
The 30-d mortality risk, which was the most se
rious postoperative complication, was predicted by
[31]
Kiran et al ’s nomogram. This nomogram achieved a
C-index of 0.89 by focusing particularly on age. There
have also been three nomograms for calculating the
incidence of SSI or anastomotic leakage in general
[32-34]
colorectal surgery
. Because the occurrence
of these complications was largely affected by the
surgical procedures, it may be difficult to accurately
anticipate the complications in advance using sta
tistical models. Therefore, the C-indexes of these
nomograms were only 0.65 at most. Recently, Yao
[35]
et al
reported another nomogram predicting
anastomotic leakage. Although its C-index was high
(0.84), this exclusive nomogram only covered patients
who underwent laparoscopic anterior resection with
intracorporeal rectal transection and anastomosis
using the double-stapling technique. In addition
to postoperative complications, the rate of margin
positivity in rectal cancer surgery was also predicted.
Because the circumferential resection margin is a
major determinant of local recurrence, predicting the
rate preoperatively should be of considerable clinical
benefit. However, a nomogram developed by Russell et
[36]
al
incorporated factors that could not be confirmed
preoperatively, such as tumor stage and size, and its
actual clinical applicability was therefore limited.
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Other nomograms relevant to CRC

Among the remaining six nomograms related to
CRC, three concerned the prediction of the response
[37-39]
to preoperative CRT in rectal cancer
. This was
quite important in deciding the post-CRT treatment
because accurate prediction of lymph node metastasis
after CRT might enable the reduction of the surgical
resection to local excision of the tumor instead of
performing total mesorectal excision. Similarly, perfect
prediction of the pathological complete response (pCR)
might make it possible to omit even the surgery itself.
[37]
One nomogram reported by Jwa et al
predicted the
lymph node metastasis status of rectal cancer after
CRT. Because this nomogram used the ypT stage,
lymphovascular invasion, and perineural invasion as
variables, it could not determine a suitable surgical
procedure in advance. Alternatively, to clinically
utilize the nomogram, local excision and pathological
examination must first be performed, and if the risk of
nodal metastasis calculated by the final pathological
findings is acceptably low, omission of further surgical
treatment accompanied by lymph node dissection
could be one of the therapeutic options. van Stiphout
[38]
et al
reported two nomograms predicting pCR by
using positron emission tomography (PET)-computer
[38,39]
tomography (CT) as the predictor
. In their first
study, PET-CT was performed before and after CRT,
and they incorporated the response ratio calculated by
the standardized uptake values of these two PET-CTs
[38]
into their nomogram . Alternatively, they performed
PET-CT before and two weeks after the start of CRT
in their latter nomogram and demonstrated that
the response ratio between the two PET-CT scans
(i.e., early response to CRT) is also a promising
[39]
predictive factor available in the nomogram . In the
future, the accumulation of these data may enable
the identification of patients who can either avoid
unnecessary overtreatment or who should receive
additional chemotherapy or radiotherapy.
Finally, we describe three nomograms that attempt
[40-42]
to detect or predict newly developed CRCs
. Omata
[40]
et al
demonstrated the diagnostic performance of
the quantitative fecal immunochemical test (QTFIT) for
colorectal neoplasms in asymptomatic individuals, and
the addition of sex, age, and body mass index to the
nomograms could amplify the accuracy of QTFIT as a
screening test. Recently, we developed a nomogram
that could predict the development of metachronous
colorectal neoplasms after surgical resection of primary
[41]
CRC
because patients who previously had CRC are
at a high risk for developing second primary adenoma
[42]
or CRC. Wells et al
also provided a nomogram
calculating the 10-year risk of CRC development.
The latter two nomograms were of clinical utility in
identifying those patients who should receive intensive
colonoscopy screening.
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DISCUSSION

5

In the field of prostate cancer, a number of nomograms
predicting a wide variety of outcomes, such as cancer
[43]
[44]
[45]
prognosis , diagnosis , and screening , have been
developed and well validated. In contrast, nomograms
for CRC fall behind nomograms for prostate cancer,
with the targeted patients and performed validation
studies being limited. Therefore, further developments
and validations of novel nomograms for CRC are
needed. Developing nomograms always presents a
dilemma. On the one hand, the desire to cover as
wide a patient range as possible tends to produce
nomograms that are too complex and yet have
C-indexes that are not sufficiently high. Conversely,
confining the target patients might impair the
clinical applicability of constructed nomograms. The
information provided in this review should be of use in
selecting a nomogram suitable for obtaining desired
predictions in daily clinical practice.
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Abstract
The liver, which is a metabolic organ, plays a pivotal role
in tolerance induction. Hepatic stellate cells (HpSCs),
which are unique non-parenchymal cells, exert potent
immunoregulatory activity during cotransplantation with
allogeneic islets effectively protecting the islet allografts
from rejection. Multiple mechanisms participate in the
immune tolerance induced by HpSCs, including the
marked expansion of myeloid-derived suppressor cells
(MDSCs), attenuation of effector T cell functions and
augmentation of regulatory T cells. HpSC conditioned
MDSC-based immunotherapy has been conducted in
mice with autoimmune disease and the results show
that this technique may be promising. This article
demonstrates how HpSCs orchestrate both innate
immunity and adaptive immunity to build a negative
network that leads to immune tolerance.
Key words: Hepatic stellate cells; Myeloid-derived
suppressor cells; Hepatic tolerance; Immunotherapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The liver is an immune privileged organ
that contains cells exhibiting powerful immune
regulatory activity. Hepatic stellate cells (HpSCs)
possess weak antigen-presenting ability and function
as immunological bystander cells in the regulation
of the immune response by the way of induction of
effector T cell apoptosis and the generation of myeloidderived suppressor cells and regulatory T cells. The
combination of these mechanisms indicates that
HpSCs are a potent immunoregulatory entity capable
of modulating immune responses in the liver. HpSCs
can orchestrate both innate immunity and adaptive
immunity to build a negative immune network that
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leads to immune tolerance. Further understanding of
hepatic immune tolerance will provide the basis for
developing new immunotherapies that target transplant
rejection, chronic viral infection and cancer.
Hsieh CC, Hung CH, Lu L, Qian S. Hepatic immune tolerance
induced by hepatic stellate cells. World J Gastroenterol 2015;
21(42): 11887-11892 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/11887.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.11887

INTRODUCTION
Tolerogenic properties of the liver can be initially
established by spontaneous acceptance of liver
transplants in many species without the requirement
[1-3]
of immunosuppression
. However, hepatocyte
transplants are acutely rejected, apparently resulting
from immune attacks, because syngeneic hepatocyte
[4]
transplants survive indefinitely . This finding suggests
that liver nonparenchymal cells (NPCs) play an
important role in protecting parenchymal cells from
[5]
rejection. Yu et al studied mouse liver NPCs and
found that hepatic stellate cells (HpSCs) have potent
immune regulatory activity.
HpSCs are located in the subendothelial space
adjacent to the basolateral surface of hepatocytes and
make up approximately 15% of the total cell population
within the liver. They express very low amounts of
major histocompatibility complex (MHC) and co[6]
stimulatory molecules ; moreover, HpSCs exhibit low
[7,8]
antigen uptake and insufficient processing ability .
HpSCs are the major site of vitamin A storage within
[9,10]
the body
and have been extensively studied
regarding their role in fibrogenesis and induction of
cirrhosis. Once activated by an insult, HpSCs become
myofibroblasts and deposit extracellular matrix, leading
[11]
to liver fibrosis . HpSCs are difficult to identify based
on surface markers, even though intracellular desmin
and α-smooth muscle actin (αSMA) have been used
for the identification of quiescent and activated HpSCs,
respectively. Nevertheless, a recent publication showed
that HpSCs can be differentiated from other liver cells
using their size, granularity, and high UV-fluorescence
(due to their vitamin A content) in combination with
[12]
the absence of scavenger activity . This overview will
discuss the relationship between HpSCs and immune
cells and their participation in hepatic tolerance.

HPSCS AND MYELOID-DERIVED
SUPPRESSOR CELLS
Myeloid-derived suppressor cells (MDSCs) represent
an intrinsic part of the myeloid-cell lineage and are
a heterogeneous population that is comprised of
myeloid-cell progenitors and precursors of myeloid
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cells. In healthy individuals, immature myeloid cells
(IMCs) generated in bone marrow quickly differentiate
into mature granulocytes, macrophages or dendritic
cells (DCs). In pathological conditions, such as
cancer, various infectious diseases, sepsis, trauma,
transplantation or some autoimmune disorders, a
partial block in the differentiation of IMCs into mature
[13]
myeloid cells results in an expansion of MDSCs .
In mice, MDSCs express both the myeloid lineage
differentiation antigen Gr-1 (Ly6G and Ly6C) and the
M integrin CD11b. The equivalent of the MDSC in
+
+
+
humans is defined as the CD14 CD11b CD33 CD15
phenotype or cells that express the CD33 marker but
lack the expression of markers of mature myeloid
and lymphoid cells and the MHC class Ⅱ molecule
[14-16]
HLA-DR
. However, MDSCs share many unifying
features, including high expression levels of the
immunosuppressive molecules arginase 1 and inducible
nitric oxide synthase (iNOS) and, more importantly,
[17]
their immunosuppressive function .
Cotransplantation of HpSCs with allogeneic islets
effectively protects the islet allografts from rejection
without the requirement of immunosuppression via
+
inhibition of the CD8 T-cell response, enhancement
[18,19]
of regulatory T-cells
(Figure 1), and induction of
[20]
MDSCs . The role of MDSCs is vital to induction of
immune tolerance, and this process occurs by skewing
the differentiation and effector function of T cells.
[20]
Chou et al
demonstrated that HpSCs promoted
the generation of MDSCs both in vitro and in vivo.
Induction of MDSCs is dependent on an intact
interferon gamma (IFN-γ) signaling pathway in HpSCs
and is mediated by soluble factors, suggesting that
the specific tissue stromal cells play a crucial role
in regulating immune responses via inflammationinduced generation of MDSCs. One of the effective
soluble factors secreted by HpSCs is complement
component 3 (C3). C3 deficient HpSCs lose their
ability to induce MDSCs and, consequently, fail to
protect the cotransplanted islet allografts. HpSCs
produce complement activation factor B and factor D,
which then enhances C3 cleavage into the activation
products iC3b and C3d. Addition of exogenous
iC3b leads to differentiation of MDSCs with potent
[21]
immune-inhibitory function . HpSCs are a major
source of the immunoregulatory metabolite alltrans retinoic acid (ATRA) in the liver, which may
contribute to the generation of tolerogenic DCs in
that location. ATRA has been shown to enhance both
Arginine 1 and iNOS expression in DCs, resulting in a
[22]
tolerogenic phenotype . MDSCs induced by HpSCs
express B7-H1 and secrete iNOS, which leads to
the protection of islet allografts from rejection when
MDSCs are cotransplanted with allogeneic islets.
This process is associated with attenuation of CD8 T
cells in grafts and marked expansion of regulatory T
(Treg) cells, which contribute to MDSC-induced T cell
[23,24]
hyporesponsiveness
. These findings provide novel
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A. Isolation and culture of HpSCs

B6

6

0.5 × 10 cells/ mouse

HpSCs
B. Isolation of islets

300 Islets/mouse

Balb-c
Islets
Transplantation

C. Isolation of diabetes

Streptozotocin
Diabetic mice
Subcapsular space of kidney

Figure 1 Hepatic stellate cells cotransplanted allogeneic islet animal model. Diabetes was induced in recipients with a single intraperitoneal injection of
streptozotocin (220 mg/kg body weight). Only mice with nonfasting blood glucose levels exceeding 350 mg/dL were used as recipients. Islets were isolated from donor
pancreas by collagenase V. After separation on a Ficoll gradient, the islets were purified by hand picking. Three hundred freshly isolated islets alone or mixed with 1
or 3 × 105 hepatic stellate cells (HpSCs) were aspirated into polyethylene tubing, pelleted by centrifugation for 2 min, and then gently placed under the subcapsular
space of the recipient kidney. Transplantation was considered successful if the nonfasting blood glucose returned to and remained normal (< 150 mg/dL) for the first
4 d after transplantation. The tail vein nonfasting blood glucose level was monitored after transplantation, and the first day of 2 consecutive readings of blood glucose
levels greater than 350 mg/dL was defined as the date of diabetes onset. No immunosuppressive reagents were administered throughout the experiments.

mechanistic insights into influence of local tissue cells
on the differentiation of myeloid cells and may assist
in the development of MDSC-based therapy in clinical
settings.

IMMUNOTHERAPY
[25]

Li et al
showed that adoptive transfer of HpSCinduced MDSCs successfully reversed disease
progression in experimental autoimmune myasthenia
gravis (EAMG), a T cell-dependent and B cellmediated model for myasthenia gravis. In addition
to ameliorating the disease severity, MDSC-treated
EAMG mice showed suppressed acetylcholine receptor
(AChR)-specific T cell responses, decreased levels
of serum anti-AChR IgGs, and reduced complement
activation at the neuromuscular junctions. MDSCs
directly inhibited B cells through multiple mechanisms,
including PGE2, inducible NO synthase, and arginase.
These results demonstrated that HpSCs induce MDSCs
concurrently suppress both T and B cell autoimmunity,
leading to effective treatment of established EAMG.
Another MDSC-based immunotherapy was performed
[26]
in hemophilia A mice (factor Ⅷ deficiency) . An
adverse effect of factor Ⅷ infusion therapies used for
the treatment of hemophilia A is the production of
antibodies (inhibitors) against factor Ⅷ, which is a T
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cell-dependent and B cell-mediated process. HpSC
mediated MDSCs, propagated from hemophilia A
mice, can also inhibit the proliferation and activation
of B cells stimulated by IgM and interleukin-4 (IL-4).
Administration of MDSCs, mediated by HpSCs, induced
+
+
CD4 T cell and B220 B cell hyporesponsiveness to
factor Ⅷ and reduced inhibitor formation in hemophilia
A mice.
[27]
A recent study by Dusabineza et al
revealed
that cotransplantation of hepatocytes with HpSCs
could improve hepatocyte engraftment in vivo. Four
weeks after human hepatocytes were cotransplanted
with human HpSCs into mouse livers, human albumin
positive (huAlb+) hepatocytes formed clusters and
were more numerous, occupying 2 to 5.9-fold more
surface area on the tissue section than in livers
transplanted with hepatocytes alone. Increased huAlb
mRNA expression in livers transplanted with the
cell mixtures confirmed these results. The presence
of HpSCs increased the number of hepatocytes
entrapped in the host liver at an early time point
post-transplantation but not their proliferation in
situ as assessed by the cumulative incorporation
of BrdU. Additionally, no accumulation of αSMA+
activated HpSCs or collagen deposition at 4 wk posttransplantation was found. Engrafted hepatocytes also
formed E-cadherin+ adherent junctions with adjacent

11889

November 14, 2015|Volume 21|Issue 42|

Hsieh CC et al . Hepatic immune tolerance
HpSC

C3

Teff

MDSC

ATRA

DC

Stimulation
Inhibition
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Figure 2 Immune regulatory functions of hepatic stellate cells. Hepatic
stellate cells exert potent immune regulatory mechanisms to prevent immense
inflammation in the liver. Hepatic stellate cells (HpSCs) can induce regulatory
T cells and inhibit effector T cells responses and the function of APCs. These
mechanisms contribute to the unique immune tolerant microenvironment of
the liver. DCs: Dendritic cells; MDSCs: Myeloid-derived suppressor cells; Treg:
Regulatory T cells; Teff: Effector T cells; ATRA: All-trans retinoic acid; C3:
Complement component 3.

donor or mouse hepatocytes. Cotransplantation of
hepatocytes with HpSCs into a healthy liver recipient
does not generate fibrosis but significantly improves
the engraftment of hepatocytes, probably by amelio
rating cell homing.
Taken together, HpSC-based cell therapy has been
successfully conducted based on the above studies,
and the results increase the therapeutic potential of
this technique.

model. Cotransplanted HpSCs that effectively protected
islet allografts from rejection formed a multi-layered
capsule, which reduced allograft immunocyte infiltrates
[18]
[33]
by enhancement of apoptotic death . Yang et al
noted that expression of tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL), an apoptosisinducing ligand, on HpSCs was crucial in the protection
of islet allografts because HpSCs derived from TRAIL
knockout mice demonstrated less inhibitory activity
towards T cell proliferative responses and substantially
lost their capacity to protect cotransplanted islet
allografts from rejection. This finding may reflect an
intrinsic mechanism of immune inhibition mediated
by liver-derived tissue cells. Jiang et al demonstrated
that HpSCs selectively expanded regulatory T cells
+
+
+
(CD4 CD25 FoxP3 ) in an interleukin-2-dependent
[34]
manner . These expanded regulatory T cells success
fully inhibited T cell proliferation in responses to an
anti-CD3 monoclonal antibody or alloantigens in a
nonspecific major histocompatibility complex manner.
The relationship between HpSCs and B cells is not
[35]
fully understood. Brandão et al
conducted a study
to verify the relationship between plasma cells and
HpSCs in human autoimmune hepatitis. They found
a significant correlation between HpSCs, the score of
fibrosis and the number of plasma cells. Additionally,
they found a co-localization of plasma cells and HpSCs.
Patients who had successfully been treated were
found to have a reduced number of both cells. The
result suggests a direct interaction between the HpSCs
and plasma cells, but the exact mechanism is still
unknown.

HPSCS AND T CELLS
HpSCs play an important role in the regulation of
sinusoidal blood flow (contractility), maintenance of
hepatic architecture (extracellular matrix synthesis),
and production of various growth factors. During liver
injury, HpSCs transform into myofibroblast-like cells
and deposit extracellular matrix, causing liver fibrosis.
Activated HpSCs also recruit lymphocytes by producing
[28]
chemokines , and they produce numerous cytokines
with either proinflammatory or anti-inflammatory
[29-31]
activity
.
HpSCs have been reported to be non-professional
antigen-presenting cells (APCs) that do not constitu
tively express the MHC class Ⅱ proteins required for
interaction with naive T cells; these are expressed only
upon stimulation by certain cytokines such as IFN-γ.
HpSCs stimulated by IFN-γ express MHC class I and
costimulatory molecules and upregulate the expression
of IL-6, transforming growth factor-β, and migration
inhibitory factor. Activated HpSCs markedly expresses
B7-H1 and then induce the T-cell hyporesponsiveness
associated with enhanced T cells apoptosis. Blockade
of B7-H1/PD-1 ligation significantly reduces HpSC
[5,32]
immunomodulatory activity in mice and humans
.
The in vitro evidence of immune modulatory activity of
HpSCs was validated in vivo in an islet transplantation
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CONCLUSION
It is not surprising that the liver, as an immune
privileged organ, contains cells that exhibit powerful
[36]
immune regulatory activity . Due to its anatomical
location and function, the liver is continuously exposed
to various antigens, including dietary and commensal
antigens. In the long journey of evolution, the liver has
acquired the ability to control inappropriate immune
responses to those harmless antigens. HpSCs possess
weak antigen-presenting ability and function as
immunological bystander cells in regulating immune
responses via the induction of effector T cell apoptosis
[5,18-20]
and generation of MDSCs and Treg cells
. The
combination of these mechanisms indicates that
HpSCs are a potent immunoregulatory entity capable
of modulating immune responses in the liver (Figure 2).
Liver sinusoidal endothelial cells (LSECs) are
another abundant NPC population in the liver and
line the hepatic sinusoids. LSECs represent the
unique characteristics of APCs and have an increased
scavenger ability that is different from HpSCs.
LSECs can also restrain inflammation by induction
[37]
of Treg cells , as evidenced by in vivo studies in a
mouse model of multiple sclerosis and experimental
[38]
autoimmune encephalomyelitis . LSECs are capable
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of cross-presenting circulating tumor antigens, thereby
+
inducing non-responsive antigen-specific CD8 T cells
[39]
through the PD-1/PD-L1 pathway . LSECs can also
negatively regulate the APC function of neighboring
DCs, which lose their ability to prime naïve T cells by
[8]
downregulating DC costimulatory signals . However,
HpSCs are potentially more beneficial for conducting
immunotherapy than LSECs because HpSCs can
produce large amounts of MDSCs that are broadly
distributed to primary and secondary lymphoid organs
to exert their immune-modulatory ability and induce
immune tolerance.
Organ transplantation has been widely applied for
decades, but cellular transplants, including islets and
hepatocytes, remain largely experimental because the
side effects of immunosuppression often outweigh the
benefits. Therefore, it is crucial to develop a protocol
to reduce or avoid immunosuppression. The recent
studies related to allogeneic islets cotransplanted
with HpSCs or MDSCs mediated by HpSCs show
that these cells achieve long-term survival without
immunosuppressive medications in mice and offer a
promising future for clinical application.
In summary, activated HpSCs can orchestrate
both innate immunity and adaptive immunity to build
a negative immune network that leads to immune
tolerance. Further understanding of hepatic immune
tolerance will provide the basis for developing new
immunotherapies that target transplant rejection,
chronic viral infection and cancer.
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Alcoholic hepatitis is a pro-inflammatory chronic liver
disease that is associated with high short-term morbidity
and mortality (25%-35% in one month) in the setting
of chronic alcohol use. Histopathology is notable for
micro- and macrovesicular steatosis, acute inflammation
with neutrophil infiltration, hepatocellular necrosis,
perivenular and perisinusoidal fibrosis, and Mallory
hyaline bodies found in ballooned hepatocytes. Other
findings include the characteristic eosinophilic fibrillar
material (Mallory’s hyaline bodies) found in ballooned
hepatocytes. The presence of focal intense lobular
infiltration of neutrophils is what typically distinguishes
alcoholic hepatitis from other forms of hepatitis, in
which the inflammatory infiltrate is primarily composed
of mononuclear cells. Management consists of a mul
tidisciplinary approach including alcohol cessation,
fluid and electrolyte correction, treatment of alcohol
withdrawal, and pharmacological therapy based on
the severity of the disease. Pharmacological treatment
for severe alcoholic hepatitis, as defined by Maddrey’s
discriminant factor ≥ 32, consists of either prednisolone
or pentoxifylline for a period of four weeks. The body
of evidence for corticosteroids has been greater than
pentoxifylline, although there are higher risks of com
plications. Recently head-to-head trials between corti
costeroids and pentoxifylline have been performed,
which again suggests that corticosteroids should str
ongly be considered over pentoxifylline.
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Core tip: Alcoholic hepatitis is a pro-inflammatory
chronic liver disease that is associated with high shortterm morbidity and mortality in the setting of chronic
alcohol use. Management consists of a multidisciplinary
approach including alcohol cessation, fluid and
electrolyte correction, treatment of alcohol withdrawal,
and pharmacological therapy based on the severity
of the disease. Pharmacological treatment for severe
alcoholic hepatitis, as defined by Maddrey’s discriminant
function ≥ 32, consists of either prednisolone or
pentoxifylline for a period of four weeks. The body of
evidence in favor of corticosteroids has been greater
than pentoxifylline, although there are higher risks of
complications.
Liang R, Liu A, Perumpail RB, Wong RJ, Ahmed A. Advances in
alcoholic liver disease: An update on alcoholic hepatitis. World J
Gastroenterol 2015; 21(42): 11893-11903 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i42/11893.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i42.11893

INTRODUCTION
Alcoholic hepatitis (AH) is a life threatening compli
cation of alcoholic liver disease and presents with a
[1-6]
mortality rate of up to 25% . AH was first described
in 1961 by Dr. Gordon Beckett, who noted several
patients with constitutional symptoms followed by
worsening jaundice, death in the setting of significant
alcohol intake. In general, patients with a diagnosis
[2-4]
of AH present in their fifth to sixth decade of life .
Amount of alcohol intake is the single most important
predictor of severity of AH. While reports vary, current
consensus is that patients with AH typically ingest
over 100 to 120 g of ethanol on a daily basis for 10 to
20 years, with a standard drink equal to 14 g of pure
alcohol, which is equivalent to 12 ounces (354.88 mL)
of beer, 5 ounces (147.87 mL) of wine, 1.5 ounces
[2-5]
(44.36 mL) or a “shot” of 80-proof liquor . A study
[5]
by Bellentani et al demonstrated an odds ratio of
13.7 for cirrhosis and 23.6 for non-cirrhotic liver
disease in patients with an alcohol intake greater than
30 g per day compared to nondrinkers. Other risk
factors for the development of AH include gender and
genetic factors. For instance, women have a higher
risk of developing alcoholic liver disease relative to
[6]
men . In addition, an elevated body mass index with
or without other components of metabolic syndrome
and complicated by non-alcoholic fatty liver disease
can lead to synergistic hepatic dysfunction in patients
[4]
with coexisting alcoholic liver disease . Abstinence
from alcohol use is the most fundamental step to
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successfully treat AH, as demonstrated by a marked
reduction in liver-related deaths during the alcohol
prohibition era from 1920 to 1933 in the United
States. Besides alcohol cessation, the management
of AH includes treatment of alcohol withdrawal,
correcting electrolyte and fluid abnormalities, opti
mizing nutritional status and assessing candidacy
for pharmacological interventions. Severe AH, as
defined by Maddrey’s discriminant function ≥ 32 has
been associated with poor prognosis with one-month
mortality ranging between 25% to 35%. Despite
clinical evaluation of numerous pharmacologic agents,
only two, corticosteroids and pentoxifylline have been
[3]
recommended by practice guidelines . There is no
consensus regarding the preferred, first-line treatment
option for AH. Nonetheless, early recognition leading to
prompt diagnosis, presence or absence of cirrhosis and
severity of AH are the key determinants of outcome.

PATHOPHYSIOLOGY OF ALCOHOLIC
HEPATITIS
The alcohol-induced hepatic steatosis can largely
be attributed to impairment of fatty acid oxidation
through the expression of cytokines, reactive oxygen
species, oxidative stress, and increased activity
of lipogenic enzyme regulators including sterol
regulatory element binding proteins (SREBPs) and
[7]
SREBP-1 . The most distinctive histologic feature
of AH compared with other forms of hepatitis is
predominantly neutrophilic inflammation. This has led
to a wide spectrum of proposed theories regarding
the pathophysiology of AH. The increased number of
neutrophils may be reflective of the increased presence
of cytokines, reactive oxygen species, and proteases
within the hepatocytes. It has been suggested
that pro-inflammatory cytokines including tumor
necrosis factor alpha (TNF-α), interleukin-1 (IL-1),
IL-6, and IL-8 are activated and secreted by Kupffer
cells and other inflammatory cells (neutrophils and
[8,9]
macrophages) following chronic alcohol exposure .
In particular, IL-8 is well known for its chemotaxis
activity, which may explain the increased presence of
neutrophils. Other inflammatory cytokines including
TNF-α, IL-1 and IL-6 are activated by the release of
free radicals and oxygen reactive species induced
by oxidative stress within hepatocytes and Kupffer
cells. These inflammatory cytokines likely contribute
to the pathophysiology of alcoholic liver disease as
[8,9]
[8]
suggested by several studies . Iimuro et al treated
ethanol-fed mice with TNF-α antibodies. A reduction
in the degree of hepatic inflammation and necrosis
was noted in mice treated with TNF-α antibodies. In
addition to TNF-α, cyclooxygenase 2 (COX-2) has also
[9]
been shown to be elevated in mice fed with ethanol .
COX-2 is an enzyme involved in the production of
prostaglandins and thromboxane. Thus, raising the
possibility of COX-2 inhibitors as a potential therapeutic
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[9]

target . Other potential markers associated with AH
[10,11]
include leukotriene B4 and lipopolysaccharides
.
The importance of an alcohol-induced increase
in gut permeability as a mechanism underlying
endotoxemia leading to activation of inflammatory
[12]
cytokines is increasingly being recognized . Whe
ther the increase in gut permeability is primarily
gastroduodenal or intestinal remains under debate.
However, evidence suggests that the increase in gut
permeability following acute alcohol ingestion is longer
lasting among patients with advanced liver disease,
[12]
compared to normal controls .
Alcohol is normally metabolized to aldehyde by
the enzyme alcohol dehydrogenase (ADH), which is
located in hepatocytes and gastric mucosa. ADH is
a dimeric molecule composed of different subunits,
which may explain the variations in blood alcohol
levels in individuals who consume similar amount of
alcohol. Aldehyde is further oxidized to acetate through
the enzymatic activity of aldehyde dehydrogenase
(ALDH) within the mitochondria. ALDH is also
composed of multiple isoforms, which may explain the
flushing phenomenon noted in 75% of Asians and is
[13]
associated with the accumulation of aldehyde . In
chronic alcoholics, the overabundance of ethanol leads
to high enzymatic activity of ADH and ALDH, along
with induction of the microsomal enzyme oxidation
[14]
system, in particular the cytochrome CYP2E1 .
Both enzymes are predominantly located along the
centrilobular portion of the hepatocytes, which is
often the initial area of inflammation and fibrosis. The
high enzymatic activity of cytochrome CYP2E1 causes
increased production of reactive oxygen species,
leading to chronic inflammatory changes as a result
of oxidative stress. Aldehyde itself can also act as a
highly reactive molecule, forming covalent bonds with
amino acids attached to hepatocellular membrane,
[15]
forming adducts that can be antigenic . Presence of
adducts can trigger a cell-mediated cytotoxic reaction
that can lead to hepatocellular damage. In addition
to its immunologic effects, formation of adducts can
disrupt epithelial tight junctions leading to increased
permeability within hepatocytes and gastrointestinal
tract.

HISTOPATHOLOGY OF ALCOHOLIC
HEPATITIS
The histological features associated with alcoholinduced hepatocellular injury can be categorized into
three distinct findings: alcoholic fatty liver (steatosis),
[16-21]
alcoholic hepatitis and alcoholic cirrhosis
.
Hepatic steatosis, or fatty liver as a result of alcohol
consumption is typically benign and reversible, but
can rarely lead to lobular or perivenular fibrosis and
[17-19]
death
.
Several factors including cytokines and alcohol
byproducts as noted in the previous section contribute
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to the development of AH-related steatosis, inflam
mation and fibrosis. It is important to note that hepatic
steatosis, inflammation and fibrosis can often coexist
in patients with AH. Histologically, AH is characterized
by a wide spectrum of changes including micro- and
macrovesicular steatosis, acute inflammation with
predominantly neutrophilic infiltration, hepatocellular
necrosis, perivenular and perisinusoidal fibrosis, and
characteristic eosinophilic fibrillar material (Mallory’s hyaline
bodies) noted in ballooned hepatocytes. Although,
traditionally Mallory’s bodies have been associated
with AH, these findings are not specific and can be
seen in other forms of chronic liver disease. As noted
earlier, the presence of focal intense lobular infiltration
of neutrophils is what typically distinguishes AH from
other forms of hepatitis, in which the inflammatory
infiltrate is primarily composed of mononuclear cells.
Typically, neutrophilic infiltration of perivenular region
(zone 3) is noted during the early stages of AH. As
the disease progresses, the histological changes
expand towards the portal tracts. Alcoholic cirrhosis
develops as a result of longstanding alcohol use and
is characterized by collagen deposition around the
central hepatic vein and along the sinusoids, resulting
in a characteristic “chicken-wire” pattern of fibrosis and
micronodular cirrhosis. On the other hand, patients
with alcoholic cirrhosis who become abstinent develop
macronodular cirrhosis due to the absence of alcohol
and its anti-proliferative effect.

CLINICAL MANIFESTATIONS OF
ALCOHOLIC HEPATITIS
Alcoholic hepatitis is a pro-inflammatory clinical
syndrome resulting in a wide range of clinical
manifestations. Patients with AH often present with
long-standing history of alcohol use (> 100 g per
day for 10 to 20 years). Typically, patients with AH
present with an acute onset of symptomatic hepatitis
with nonspecific symptoms such as anorexia, nausea,
vomiting, right upper quadrant pain, proximal muscle
wasting, and fever. In particular, excessive alcohol
consumption is associated with the highest risk of
developing AH. Some patients report drastic increase
in their alcohol consumption secondary to recent life
stressors such as a divorce, death of a loved one,
and loss of employment. Once clinical symptoms
develop, many patients develop aversion to alcohol
and may discontinue alcohol use even up to several
weeks prior to presentation, commonly resulting in
misdiagnosis. Therefore, it is important to have an
understanding of these salient clinical features of
AH and to obtain a thorough history with a focus on
[22-25]
timing of signs and symptoms of AH
. The most
common symptoms that lead patients to seek medical
care include acute onset of worsening abdominal
distension and icterus. Physical examination is notable
for jaundice, hepatic encephalopathy, ascites, and
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tender hepatomegaly. The tender hepatomegaly is
due to the combined effects of hepatocyte swelling in
setting of steatosis and stretching of hepatic capsule
with subsequent stimulation of nociceptors resulting in
painful sensation. Additionally, a bruit can occasionally
be appreciated over the liver as a result of increased
[22]
hepatic blood flow . Other nonspecific symptoms
of AH include fever and leukocytosis with neutrophil
predominance, which may reflect a potential in
fection, such as spontaneous bacterial peritonitis
especially in the setting of ascites, can occur solely
due to AH. While it is worthwhile to rule out infectious
sources given degree of immunosuppression from
malnutrition, it is also important to understand that
fever and leukocytosis may be commonly seen in the
presentation of alcoholic hepatitis. Nevertheless, the
importance of evaluating for infection among patients
with AH cannot be understated as at least a quarter
[26]
of patients have coexistent infections . Specifically,
nonresponse to steroids is most predictive of infection
[26]
and worse survival in this patient population .
Neutrophil predominance has also been noted
in liver biopsies of patients with alcoholic hepatitis.
Extremely high leukocyte counts (leukemoid reactions)
have rarely been seen with alcoholic hepatitis and
[25]
is associated with high mortalities . Other clinical
features include ascites that may be due to transient
elevation in portal pressure from hepatocyte swelling
or from portal hypertension secondary to cirrhosis.
In addition, hepatic encephalopathy and hepatorenal
syndrome, both of which are poor prognostic indicators
and can still occur in patients with AH in the absence
of cirrhosis. Many patients with AH develop noticeable
malnutrition. According to one study, malnutrition
[23]
is noted in greater than 90% of patients with AH .
Malnutrition may manifest clinically as temporal muscle
wasting, proximal muscle atrophy, and generalized
weakness. Malnourishment can be evident through
laboratory findings including macrocytosis, which is
suggestive of longstanding folic acid and cobalamin
deficiency triggered by alcohol consumption.
The most commonly noted laboratory abnormality
associated with AH is an elevated bilirubin level. Other
abnormalities in laboratory tests include moderately
elevated transaminases (usually less than 300 IU/mL)
with an AST to ALT ratio > 2; elevated gamma-glutamyl
transpeptidase (GGT); leukocytosis (with neutrophil
predominance); macrocytosis (due to primary
bone marrow hypoplasia from folic acid/cobalamin
deficiency and alcohol toxicity); thrombocytopenia
(due to primary bone marrow hypoplasia and splenic
sequestration); and coagulopathy due to impaired
production of coagulation factors and malnutrition
resulting in poor vitamin K intake. The ratio of ALT
to AST is more specific for alcoholic liver disease
due to hepatic deficiency of pyridoxal 5’-phosphate
in alcoholic liver disease, which serves as a cofactor
[23]
for ALT . ALT plays a key role in the intermediate
metabolism of glucose and amino acids. The lack of
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pyridoxal 5’-phosphate or activated vitamin B6 leads to
a decreased expression of ALT. In other words, the AST
to ALT ratio is primarily due to inappropriate increase in
ALT rather than an increase in AST.

DIAGNOSIS OF ALCOHOLIC HEPATITIS
The diagnosis of AH is made by comprehensive
evaluation of clinical manifestations and laboratory
data in a patient with history of alcohol consumption.
A dedicated and thorough history-taking may provide
the earliest clinical clues of underlying alcoholic
liver disease. Most patients with AH may not be
forthcoming due to the social stigma associated with
the diagnosis of alcoholic liver disease. Therefore,
patients may deemphasize the duration and amount
of alcohol intake. Occasionally, discussions with family
members and friends may provide a more accurate
history and details regarding alcohol consumption.
Due to the nonspecific nature of clinical and laboratory
findings in alcoholic liver disease, appropriate sero
logical, virological, immunological and genetic tests
should be performed to exclude other known etiologies
of liver disease. Acetaminophen toxicity, acute viral
hepatitis, ischemic hepatitis, Budd-Chiari syndrome,
autoimmune hepatitis, or drug-related liver injury
can be ruled out by carefully reviewing the past
medical history (medications, allergies, social history,
travel history, family history, etc.), chronology of
clinical manifestations, pattern of abnormalities in
liver function tests (liver enzymes, total bilirubin and
hepatic synthetic function), toxicology screen and
[27]
diagnostic studies . In patients with coexisting liver
disease or unclear history of alcohol consumption, it
is may be helpful to confirm the diagnosis of AH with
a liver biopsy. Up to 20% patients who are initially
suspected of alcoholic liver disease demonstrate
evidence of nonalcoholic causes of liver disease on liver
[28]
biopsy . These clinical scenarios may underscore the
importance of a liver biopsy in this patient population
to confirm the diagnosis of AH before starting
therapy with immunosuppressive agent, such as
corticosteroids. Due to the increased risk of bleeding in
patients with coagulopathy, a transjugular liver biopsy
may provide the safest approach. Finally, a liver biopsy
can provide prognostic information regarding the
reversibility of alcoholic liver disease by characterizing
the extent and severity of underlying histologic
[28,29]
damage
.

TREATMENT OF ALCOHOLIC HEPATITIS
Early recognition and diagnosis is crucial in optimizing
the management of AH. The treatment of AH requires
a multidisciplinary approach that focuses on alcohol
cessation, psychosocial evaluation, pharmacologic
therapy of AH and treatment of other complications
of alcoholic liver disease including withdrawal and
nutritional support. Patients should also be considered
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for referral to an alcohol and drug rehabilitation center
prior to discharge from the hospital.

BEHAVIORAL TREATMENT
Abstinence

Alcohol abstinence is the most essential step towards
optimizing the management of patients with AH.
Alcohol-induced liver damage without evidence of
cirrhosis may actually be reversible with alcohol
[30]
abstinence . However, the rate at which the liver
enzymes return to normal has been variable, typically
ranging from a few weeks to several months. Data
from nonrandomized trials and retrospective analyses
have supported the role of abstinence in patients with
[31-34]
alcoholic liver damage
. It was noted that the
five-year survival rate for patients with compensated
cirrhosis who abstained from alcohol was 63% to
90% vs 41% to 70% in those with continued alcohol
[32,33]
use
. Most liver transplant centers require a
6-month period of documented alcohol cessation prior
to initiating an evaluation for liver transplantation.
Interventions including motivational interviewing,
cognitive behavioral therapy, and peer support
groups have been employed in an effort to maintain
compliance. Studies have suggested that there is
a small but significant beneficial effect; the actual
benefit of these interventions is unclear as data on
[35]
abstinence maintenance from alcohol use are poor .
Therefore, several agents have been studied in order
to help maintain abstinence, including naltrexone,
nalmefene, acamprosate, and baclofen. Chronic
alcohol use results in a change of baseline balance
between neuro-excitatory and inhibitory pathways
[36]
leading to a net neuronal hyperexcitability .
Acamprosate (n-acetyl-homotaurine), a structurally
similar molecule to excitatory amino acids, blocks
the neuronal hyperexcitability pathway by acting as
[37-39]
a competitive inhibitor
. The opioid antagonist,
naltrexone, exerts an inhibitory effect on the center for
alcohol craving in the central nervous system resulting
[40]
in reduction in alcohol consumption . Nalmefene
is another opioid antagonist that has been shown to
[41]
reduce the amount of alcohol intake . Nalmefene has
demonstrated several favorable properties compared
to naltrexone including longer duration of action,
absence of dose-dependent liver injury, and broader
[41-44]
action on central nervous system opiate receptors
.
Baclofen, a gamma-aminobutyric acid agonist acts
on the central nervous system and inhibits alcohol
[45]
craving . Baclofen is the only anti-craving medication
to date that has been studied in the context of
[46]
advanced liver disease . Larger clinical trials are
needed to reproduce and confirm the efficacy of these
medications.
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NUTRITIONAL TREATMENT
Nutrition replacement therapy

As noted above, over 90% of patients with alcoholic
hepatitis are also found to have significant mal
[47]
nutrition . Chronic alcohol use induces a profound
catabolic state by suppression of appetite, leading to
poor oral intake of essential micro- and macronutrients.
Additionally, the risk of death from alcoholic hepatitis
has been shown to be closely associated with degree
[47,48]
of malnutrition
. Significant protein-calorie malnu
trition (PCM) can be commonly seen in these patients,
particularly those with jaundice and hepatic encepha
[2,49]
lopathy
. Despite the theoretical risk of worsening
hepatic encephalopathy, the benefits of an increased
protein diet outweigh the risk of hepatic encephalo
pathy given the degree of malnutrition.
Numerous clinical trials have been performed to
further evaluate the impact of nutritional replacement
[2,50-54]
therapy
. One randomized, and controlled trial
compared enteral tube feedings to prednisolone
therapy for four weeks in patients with severe alcoholic
hepatitis. The survival rate between the two groups was
[55]
similar after 28 d and after one year . However there
have been other studies which showed a high variability
of results, likely due to the high variability with severity
[51-53]
of hepatic decompensation and malnutrition
. In
general, the degree of malnutrition is clearly associated
with the response to nutritional replacement therapy.
Hence, an aggressive nutritional replacement therapy
should be considered for patients with PCM and
[2]
evidence of severe hepatic decompensation . It is
worth noting that although some of these studies have
shown improvement in biochemical tests and nutritional
status, only a few of them have actually demonstrated
[53,54]
any survival benefit
.

Branched-chain amino acids

Many patients require significant protein nutritional
support. However, protein ingestion may theoretically
increase the risk of hepatic encephalopathy. Despite
this risk, the use of specific supplements, in particular
the branched-chain amino acids (BCCA), has produced
[56-58]
some promising results
. The rationale for using
BCCA as supplementation in patients with alcoholic
cirrhosis is to provide protein calories that can be
metabolized without the use of the liver. In patients
with alcoholic hepatitis, hepatic enzymatic activity
may be compromised, leading to an inability to
extract maximal calories for the human body. The
use of BCCA allows for improved utilization of protein
calories. Thus BCCA may improve nutritional status,
fulfill metabolic needs, and decrease the risk of hepatic
[56]
encephalopathy . Despite the rationale for BCCA,
[57,58]
there appears to be no advantage in most patients
.
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Table 1 Scoring systems for evaluating severity of alcoholic
hepatitis
Scoring system
Maddrey DF

MELD

GAHS

Lille score

The DF, based on the prothrombin time and total
bilirubin, is most commonly used in the decision to treat
AH. The DF is a prognostic model at baseline, or static
model, similar to MELD and GAHS
The MELD score, calculated from creatinine, total
bilirubin, and international normalized ratio, is
classically used for liver transplantation waitlist
prioritization but can also be applied as a prognostic
indicator in AH
The GAHS is calculated based on age, white blood
cell count, blood urea nitrogen, total bilirubin, and
prothrombin time. The GAHS is another static model
that can identify patients at high risk for short-term
mortality
The Lille model is a dynamic model, which includes
the baseline total bilirubin level and the total bilirubin
seven days into treatment. Other variables included in
the model are age, albumin, creatinine, and prothrombin
time. The Lille model is most accurate among these
scoring systems in identifying the degree of response to
therapy in AH[97]

AH: Alcoholic hepatitis; DF: Discriminant function; MELD: Model for endstage liver disease; GAHS: Glasgow alcoholic hepatitis score.

Furthermore, clinicians should not restrict protein intake
in patients with alcoholic hepatitis even in the setting
[59]
of hepatic encephalopathy . BCCA supplementation
should only be considered in the setting of worsening
encephalopathy while on a protein rich diet despite
[59]
lactulose treatment .

PHARMACOLOGICAL TREATMENT
Corticosteroids

There have been numerous studies published that
have analyzed the effects of corticosteroid treatment
on patients with alcoholic hepatitis. The purpose for
corticosteroid therapy is to suppress the inflammatory
[60,61]
cytokine cycle
that predisposes the propagation
of liver disease through chronic inflammation. Corti
costeroids have been shown to suppress cytokine
production, interfere with adduct formation, and inhibit
collagen production, thereby reducing hepatocellular
[62,63]
injury
. Corticosteroid therapy, primarily pred
nisolone, is one of the therapies recommended by the
American Association for the Study of Liver Disease
and the European Association for the Study of the
Liver. Regarding treatment, prednisolone is typically
preferred over prednisone as prednisone requires
hepatic conversion to the active form prednisolone.
This conversion process may be impaired in patients
with alcoholic hepatitis. Treatment course typically
consists of prednisolone 40 mg per day for 28 d,
followed by a taper for 2 to 4 wk.
Numerous clinical trials including randomized
and meta-analyses have addressed the role of
[49,64-76]
corticosteroid use in alcoholic hepatitis
. These
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include studies that demonstrated no improvement
[49,69]
in outcomes compared to the control group
,
along with those that showed corticosteroid therapy
conferred an improvement in short-term mortality
in those with severe alcoholic hepatitis. However,
the studies that revealed no difference in mortality
compared to placebo included patients with differing
severities of alcoholic hepatitis. A 2008 Cochrane metaanalysis was performed on 15 randomized trials that
compared glucocorticoid therapy with placebo, which
revealed a trend towards mortality benefit that did
not reach statistical significance. However subgroup
analyses involving severe alcoholic hepatitis [Maddrey’s
discriminant function (DF) ≥ 32] (Table 1) revealed
that there was a reduction in 28-d mortality compared
[77]
to those treated with placebo (20% vs 34%) .
Additional meta-analyses have also examined mortality
benefit with treatment of severe alcoholic hepatitis,
including using other models to assess disease severity
including Lille score. This meta-analysis demonstrated
that treatment with corticosteroids showed mortality
benefit in those with Lille score < 0.56 after one week
of treatment. Concerns over corticosteroid use center
around the risks of complications, including infection,
gastrointestinal bleed, encephalopathy, pancreatitis,
glucose intolerance, and psychoses.
In summary, multiple practical guidelines suggest
the use of corticosteroids in the setting of severe
alcoholic hepatitis, provided that there are no
contraindications. In particular patients with severe
alcoholic hepatitis as defined by Maddrey’s DF ≥ 32
are candidates for corticosteroid therapy. It is also
important to ensure reversible causes of hepatic
encephalopathy such as infections, fluid and electrolyte
abnormalities, sedatives, or gastrointestinal bleeding
should be ruled out and treated appropriately. In
situations in which the patient has concomitant chronic
liver disease or when the diagnosis is in doubt, it may
be reasonable to confirm the diagnosis of alcoholic
hepatitis with a liver biopsy before committing a
patient to corticosteroid therapy. A few studies have
suggested that up to one-fifth of patients with an
initial clinical suspicion for alcoholic hepatitis lacked
histologic evidence of alcoholic hepatitis on liver
biopsy. This stresses the importance of establishing a
correct diagnosis as certain studies have suggested a
25% reduction in mortality with treatment. It is also
important to recognize that even in the setting of an
accurate diagnosis, there is still a high mortality in
[76]
patients receiving steroids . The balance between
maximizing the benefits and minimizing the risks
associated with corticosteroid use depends on accurate
diagnosis and effective patient selection for treatment.
Patients with active infections or other comorbidities
may have to be managed conservatively as many of
these patients were excluded from the studies. With
regards to alcoholic cirrhosis, retrospective data from
two clinical trials were unable to establish a clinical
[69]
benefit with corticosteroid use .
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Pentoxifylline

[83]

Pentoxifylline has been considered an alternative
treatment for patients with severe alcoholic hepatitis,
largely due to its good safety profile along with the
lack of other alternative medications to corticosteroids.
However, the evidence supporting use of pentoxifylline
is much weaker. Pentoxifylline exhibits its effect
by inhibiting the production of TNF-α (increased in
[78]
alcoholic hepatitis) by altering its gene transcription .
Initial studies occurred in the early 1990’s in which a
randomized, double-blind, placebo-controlled trial of
pentoxifylline vs placebo was performed. Pentoxifylline
400 mg orally three times a day vs placebo was
compared in 101 patients with severe alcoholic hepa
titis. This study revealed a survival benefit in those
treated with pentoxifylline compared to placebo
(25% mortality vs 46% mortality) during the initial
[22]
hospitalization . Further subgroup analysis suggested
that the root of its survival benefit occurred within the
population that developed hepatorenal syndrome (50%
deaths in treatment group and 92% deaths in placebo
group). This study suggested that pentoxifylline
may help to decrease risk of hepatorenal syndrome
in patients with severe acute alcoholic hepatitis. A
follow-up meta-analysis and systematic review also
examined whether such a benefit could be duplicated
but these studies failed to show a significant effect
[79-81]
on survival benefit
. Nevertheless, there has been
an increasing trend for physicians to treat alcoholic
hepatitis with pentoxifylline given its good safety profile
and concern with prescribing long-term glucocorticoids
in patients with alcohol abuse and dependence.

Corticosteroids vs pentoxifylline

Studies have also examined the combination use
of corticosteroids with pentoxifylline. To date, the
evidence suggests that there is no additive benefit to
pentoxifylline comparing glucocorticoids and pento
xifylline with glucocorticoid therapy alone. Studies fail
to demonstrate a difference in survival at six months
[82]
or occurrence of hepatorenal syndrome . However,
up until 2014, there have been no significant head-tohead trials between corticosteroids and pentoxifylline.
A recent study from Korea directly compared the
efficacy of short-term mortality between prednisolone
and pentoxifylline. This was an open-labeled noninferiority study performed at multiple centers. At one
month, the survival rate for corticosteroids was greater
than the pentoxifylline (88.1% vs 75.8%). Other
interesting findings included an improved response to
therapy with corticosteroids compared to pentoxifylline
as assessed by the Lille model, suggesting a nonequivalent treatment efficacy of pentoxifylline
[82]
compared to corticosteroid use . The Steroids or
Pentoxifylline for Alcoholic Hepatitis (STOPAH) trial is
a large multi-center, double-blind, randomized trial
conducted in the United Kingdom that compared
the different treatment arms of corticosteroid, pento
xifylline, and corticosteroid with pentoxifylline in
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patients with severe alcoholic hepatitis . The primary
end point was mortality at 28 d. The mortality at 28
d was 17% in the placebo-placebo group, 14% in the
prednisolone-placebo group, 19% in the pentoxifyllineplacebo group, and 13% in the prednisolone-pento
xifylline group. Serious infections were noted in
13% of patients treated with prednisolone vs 7%
in those treated without prednisolone. This study
found prednisolone to be associated with a reduction
in 28-d mortality; however, the reduction did not
reach significance. Another notable finding was that
pentoxifylline did not improve survival in patients with
severe alcoholic hepatitis compared to the placebo
group. Neither treatment arms reflected improvement
in 90-d and one year mortality. This study reaffirms
that corticosteroids should still be considered over
pentoxifylline for the initial course of treatment for
severe alcoholic hepatitis as it has only shown benefit
for short-term mortality (Figure 1). This also stresses
the difficulties involved with treatment of severe
alcoholic hepatitis, and reiterates the high morbidity of
this disease.

Other pharmacologic agents

Multiple pharmacologic agents have also been
studied to determine if there is any improvement
with morbidity and mortality to patients with alcoholic
hepatitis. These agents include anabolic steroids,
propylthiouracil, colchicine, insulin and glucagon,
phosphatidylcholine, infliximab and etanercept. Alto
gether, no strong, conclusive results are available
that have prompted a change in the recommended
therapies by the American Association for the Study
of Liver Disease and the European Association for the
Study of the Liver.

Anti-TNF-α antibodies

Anti-TNF-α antibodies were considered among the most
promising potential therapies for alcoholic hepatitis.
Levels of the cytokine correlated strongly with severity
of disease in AH and low levels were associated with
[84]
liver regeneration . Based on a feasibility study in
20 patients with biopsy-proven severe AH, anti-TNF-α
therapy in addition to prednisone was associated
with significant reduction in Maddrey’s DF at day
[85]
28 compared to prednisone alone . However, two
larger randomized controlled trials evaluating antiTNF-α therapy failed to demonstrate benefit and even
[86,87]
suggested harm
. Therefore, use of anti-TNF-α
therapy in AH to date remains investigational.

SURGICAL TREATMENT
Liver transplantation

For patients with end-stage liver disease secondary
to alcoholic cirrhosis, including those who fail to
respond to medical treatment, liver transplantation is
[88,89]
the treatment of choice
. Patients with alcoholic
cirrhosis can be considered for liver transplantation
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month mortality for prednisolone alone was higher
compared to prednisolone with NAC (38% vs 27%),
it did not reach statistical significance. The primary
end point for the study looked at six-month mortality,
which did not reveal any additional advantage to the
addition of NAC to prednisolone vs prednisolone alone.
Given the finding of improved survival at one-month,
additional studies in this direction may be worthwhile.

Patient with AH

Maddrey DF?
severity of AH?

DF ≥ 32
severe AH

DF < 32
Mild to moderate AH
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CI to steroids use?

2

Supportive care

Yes

No

Start pentoxifylline

Start steroids

3
4

Figure 1 Algorithm to optimize the management of alcoholic hepatitis.
DF = 4.6 × [prothrombin time (s) - control prothrombin time] + serum total
bilirubin (mg/dL). AH: Alcoholic hepatitis; DF: Discriminant function; CI:
Contraindications.
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Abstract
Acute alcoholic hepatitis (AAH) is a serious com
plication of alcohol misuse and has high short term
mortality. It is a clinical syndrome characterised by
jaundice and coagulopathy in a patient with a history
of recent heavy alcohol use and is associated with
profound immune dysfunction with a primed but
ineffective immune response against pathogens. Here,
we review the current knowledge of the pathogenesis
and immune defects of AAH and identify areas re
quiring further study. Alcohol activates the immune
system primarily through the disruption of gut tight
junction integrity allowing the escape of pathogenassociated molecular particles (PAMPs) into the portal
venous system. PAMPs stimulate cells expressing
toll-like receptors (mainly myeloid derived cells) and
initiate a network of intercellular signalling by secretion
of many soluble mediators including cytokines and
chemokines. The latter coordinates the infiltration
of neutrophils, monocytes and T cells and results in
hepatic stellate cell activation, cellular damage and
hepatocyte death by necrosis or apoptosis. On the
converse of this immune activation is the growing
evidence of impaired microbial defence. Neutrophils
have reduced phagocytic capacity and oxidative burst
and there is recent evidence that T cell exhaustion
plays a role in this.
Key words: Alcoholic hepatitis; Alcoholic liver disease;
Toll-like receptors; Gut dysbiosis; T cell exhaustion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute alcoholic hepatitis (AAH) has high
short-term mortality and is challenging to treat with
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only glucocorticoids demonstrating proven survival
benefit. Development of other effective treatment
requires a clear understanding of the mechanisms of
immune dysfunction in AAH. Here, we review recent
progress in the field and identify areas in need of
further research; particularly the role of gut dysbiosis in
allowing presentation of pathogen associated molecular
patterns to innate receptors on myeloid cells and the
subsequent recruitment of immune cell subsets. Recent
data demonstrating that T cells have an exhausted
phenotype and result in impaired antimicrobial defence
is also discussed.
Dhanda AD, Collins PL. Immune dysfunction in acute alcoholic
hepatitis. World J Gastroenterol 2015; 21(42): 11904-11913
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i42/11904.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i42.11904

INTRODUCTION
The United Kingdom has seen an increasing burden of
liver related mortality over recent decades with rates
increasing 4-fold since the 1970s and 5-fold in the
[1]
under-65s . This is closely mirrored by the relative
[2]
affordability of alcohol over this time , which is 61%
[3]
more affordable in 2013 than 1980 suggesting that
alcohol is an important driving factor for liver disease
in the United Kingdom. However, this is not a problem
unique to the United Kingdom, similar changes in
alcohol consumption and alcohol related mortality have
[1]
been observed in Northern and Eastern Europe as well
[4]
as in sub-Saharan Africa, South America and Asia .
Given the increasing global consumption of
alcohol, it is not surprising that the incidence of acute
alcoholic hepatitis (AAH), a serious complication of
harmful alcohol use, has also been rising over recent
[5]
years . AAH is a clinical syndrome characterised by
jaundice and coagulopathy in a patient with a recent
[6]
history of heavy alcohol consumption and has a
[7]
high short term mortality of up to 40% . It should
be clearly differentiated from alcoholic steatohepatitis,
a histological diagnosis, which can occur outside the
[8-10]
context of current alcohol misuse
.
AAH is increasingly recognised as a systemic
inflammatory condition, leading to progressive
organ dysfunction and the presence of a systemic
inflammatory response syndrome confers a poor
[9]
prognosis . As well as marked immune activation,
there is severe impairment of immune protection
[11,12]
against pathogens
. The discordance between the
primed state of the immune system and its failure
in microbial defence is yet to be fully explained and
an understanding of this dysfunction would certainly
help in identifying novel therapeutic targets. To
date, therapy has focused on the suppression of an
activated immune system and numerous clinical trials
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have been conducted to evaluate immuno-modulatory
(for example, glucocorticoids) or anti-inflammatory
therapies [for example, tumour necrosis factor (TNF)
alpha antagonists] which target systemic immune
activation. Initial promising results from an open
[13]
label study of infliximab
were not confirmed in a
randomised controlled trial which was stopped due to
[14]
excess mortality and infection . Similarly, etanercept
[15]
treatment was associated with increased mortality .
Pentoxifylline, a non-selective phosphodiesterase
inhibitor with anti-TNF properties, has also shown no
[16,17]
benefit either in combination with glucocorticoids
[18]
or alone . To date only glucocorticoids have a proven
[19,20]
short term survival benefit
. The challenge is how
to strike the correct balance between supressing an
overactive immune system without further impairing
its protective role since death through sepsis re
mains a significant issue with immunosuppressive
[13,21]
treatments
.
The rising incidence of AAH together with its high
mortality and limited treatment options has resulted
in the European Association for the Study of the Liver
identifying AAH as a priority area for research with a
specific aim to investigate molecular signals which may
[22]
predict clinical outcome . Here, we review the current
knowledge of the immune mechanisms involved in
the pathogenesis of AAH and focus on areas in need
of future study. We have not discussed the direct
toxic effects on the liver of alcohol and its metabolites
including oxidative stress and acetaldehyde adducts
[23,24]
which have been reviewed in detail elsewhere
.

THE GUT-LIVER AXIS
The mechanisms by which alcohol activates the
immune system were first conclusively elucidated by
[25]
Thurman et al
in 1999. The presence of alcohol
allowed the presentation of pathogen associated
molecular patterns (PAMPs) to hepatic macrophages
[25]
(Kupffer cells) by modulating intestinal permeability .
Subsequent studies have highlighted the importance
of the effects of alcohol on the gut microbiome itself
with alterations in both the number and balance of
organisms which contribute to the breakdown of the
[26]
intestinal barrier . In a murine model of alcohol
related liver disease (ALD), intestinal bacterial
overgrowth occurs with a corresponding reduction
[26]
in probiotic species such as Lactobacillus . In
humans, bacterial overgrowth has been found in
[27]
jejunal aspirates from chronic alcohol misusers
but the species of bacteria is also important. In a
randomised controlled trial (RCT) of Lactobacillus
and Bifidobacterium probiotic therapy in patients
with alcoholic psychosis, baseline levels of intestinal
probiotic species were lower than healthy controls and
short term probiotic treatment significantly improved
[28]
biochemical indices . Improvement in clinical
disease score has also been demonstrated in a small
RCT by Escherichia coli Nissle treatment of patients
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[29]

with stable cirrhosis . There is also preliminary
data that treatment with probiotics can improve
neutrophil phagocytic function in stable cirrhosis with
normalisation of phagocytosis after 7 d of treatment
[30]
with Lactobacillus casei Shirota .
To date, the most detailed human study of the
effects of alcohol on gut dysbiosis compared patients
with ALD cirrhosis, patients with alcohol dependence
and healthy controls using next generation sequencing
techniques to analyse the 16S ribosomal RNA
[31]
(rRNA) . Compared to the control group a subset
of patients displayed gut dysbiosis with significantly
lower levels of Bacteroides and higher levels of
Proteobacteria, which was associated with increased
systemic endotoxin. Next generation sequencing rRNA
studies have yet to be performed in patients with AAH.
Gut dysbiosis alters the intestinal lumen inte
grity through mechanisms that are incompletely
understood. It is clear that the microbiota are key in
increasing gut permeability through murine experi
ments in which the sterilised gut protects against
[32]
alcohol-induced intestinal barrier leakage . Disruption
of tight junctions is probably mediated by microbial
[33]
metabolism of alcohol to acetaldehyde . However,
systemic TNFα and IL-1b, which are increased in
patients with AAH, also reduce tight junction integrity
so there may be a positive feedback loop in these
[34]
patients . Furthermore, the loss of probiotic bacterial
species may reduce barrier protection since transfer of
[35]
Lactobacillus ameliorates ALD in a mouse model . In
a more acute murine model of alcoholic steatohepatitis
Lactobacillus treatment restored intestinal integrity,
reduced oxidative stress and improved histological liver
[36]
damage .
The leaky gut seen in patients with AAH results in
presentation of PAMPs to hepatic innate immune cells,
particularly Kupffer cells. Chronic alcohol misusers
have higher levels of endotoxin [lipopolysaccharide
[37]
[38]
(LPS)] systemically
as well as in the portal vein
suggesting that there is greater exposure of the liver
to microbial components. Interestingly, this defect may
be rapidly reversible: in a study of alcohol dependent
patients, both intestinal permeability and LPS levels
were elevated compared to normal controls but
[39]
returned to normality after 3 wk of abstinence .
Most of our understanding of gut dysbiosis in AAH
comes from animal models and patients with chronic
ALD. Future study should be directed at analysing
the gut microbiome of patients with AAH compared
to healthy controls and patients with cirrhosis. A
well powered RCT should then be conducted to test
the efficacy of specific probiotic therapy designed to
restore the microbiome. Work in this area is underway
as demonstrated by a single trial registered at
Clinicaltrials.gov which is investigating 7 d of treatment
with several probiotic regimes but this is not powered
[40]
to detect survival differences . Prevention of the
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disruption of gut tight junctions is also an appealing
therapeutic target but this is likely to be due to a
complex interplay between gut bacteria and innate
immunity and a more detailed understanding of the
mechanisms of disruption is first required.

TOLL-LIKE RECEPTORS
Toll-like receptors (TLRs) are innate pattern recognition
receptors for a wide variety of PAMPs such as microbial
components, endogenous molecules and danger
[41]
signals . The TLR family consists of 10 receptors
principally expressed by granulocytes and cells of
myeloid lineage. The net action of ligand binding is
the activation of the nuclear factor kappa B (NF-κB),
activating protein 1 (AP1) and interferon regulatory
factor (IRF) families and rapid and robust transcription
[42]
of pro-inflammatory mediators . In animal models
of ALD, increased expression of TLR1, 2, 4, 6, 7, 8,
and 9 is reported with increased sensitivity to their
[43]
respective ligands
while in humans, TLR2, 4 and 9
[44]
are upregulated in neutrophils from AAH patients
suggesting that the TLR signalling pathway is
important in the pathogenesis of the disease.
LPS acting via TLR4 appears to be the most
important interaction in the pathogenesis of AAH. Mice
with non-functional mutant TLR4 are protected from
[45]
alcoholic liver injury
as are those with inactivated
[46]
Kupffer cells . However, both Kupffer cells and nonbone marrow derived liver cells are involved in TLR4mediated alcoholic liver injury shown by development
-/of ALD in TLR4 mice transferred with wildtype bone
[47]
marrow cells . Furthermore, deficiency in IL-1
receptor associated kinase (IRAK)-M (the negative
[48]
regulator of TLR4) conferred more severe ALD .
The action of LPS and other PAMPs via innate
receptors on intrahepatic cells initiates a sequence
of pro-inflammatory responses. Patients with AAH
have elevated levels of pro-inflammatory cytokines
mostly produced by myeloid cells including IL-1, IL-6,
IL-8 and TNFα (the latter is also related to disease
[49-51]
severity)
. This results in hepatocellular damage
[52]
via TNF Receptor 1 and intrinsic death pathways .
In addition, alcohol sensitises Kupffer cells to the
[53]
effects of LPS and hepatic macrophages and Kupffer
cells produce reactive oxygen species in response to
[54]
chronic alcohol exposure or LPS , driving further liver
damage.
The TLR system has the potential to be modulated
to reduce pro-inflammatory signalling in AAH but still
requires more thorough evaluation. TLR expression has
been studied in detail in neutrophils from patients with
AAH but blockade of the overexpressed TLRs did not
[44]
result in restoration of normal neutrophil function .
The function of other immune subsets with high TLR
expression (especially monocytes, macrophages and
Kupffer cells) should also be examined.
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CHEMOKINES
Stimulation of both immune and non-immune intra
hepatic cells results in the secretion of an array of
soluble mediators including cytokines and chemokines
which co-ordinate the subsequent immune response
and determine the balance between liver damage
and resolution of inflammation. Chemokines and their
respective receptors control the influx of leucocyte
subsets into the liver and have been shown to play
important roles in shaping the immune response
[55]
in a variety of liver diseases . Chemokines are
low molecular weight proteins which bind to trans
membrane receptors triggering a signalling cascade
which alters integrin expression allowing interaction
with endothelial adhesion molecules. The gradient
of chemokine expression increases near the site of
inflammation, which ensures the leucocyte is attracted
to the appropriate site before migrating through the
vascular endothelium.
Interest in chemokines and their receptors
as therapeutic targets has increased over recent
years since they can control the ingress of specific
pro-inflammatory leucocyte subsets into sites of
inflammation or injury. Currently, a number of clinical
trials evaluating several chemokine and chemokine
receptor antagonists for the treatment of inflammatory
diseases including asthma, inflammatory bowel
diseases and primary biliary cirrhosis have been regis
tered at clinicaltrials.gov. In the context of AAH, many
different chemokines have been implicated and the
challenge is to determine which pathway to block.
Neutrophils may be the most appropriate target since
liver tissue from patients with AAH demonstrates a
significant neutrophilic infiltration, the degree of which
[56]
correlates with disease severity .
Ischaemic models of acute liver injury demonstrate
that neutrophils are activated by TNFα, IL-1b and
IL-17 and recruited by CXC chemokines such as
[57]
CXCL1 (GROα) and CXCL8 (IL-8) . Elevated levels of
these chemokines among others have been confirmed
in transcriptome microarray and PCR analysis of
homogenised liver biopsy material from patients with
[58]
AAH . Levels of CXCL1, 5, 6 and 8 were all elevated
in AAH vs normal liver and correlated with neutrophil
infiltration and degree of portal hypertension and were
[58]
associated with a poor prognosis at 90 d . However,
the exact role of the neutrophil in the pathogenesis of
[11]
AAH is unclear and the control of their entry into the
liver is not fully understood. Moreover, chemokines that
are known to attract neutrophils will also attract other
immune cell types. CXCL1, 5, 6, and 8 specifically
attract both neutrophils and monocytes which both
express the relevant CXCR1 and CXCR2 receptors for
these chemokines. Therefore, a clearer understanding
of the complex pathways of leucocyte trafficking in
AAH is required and blockade of a single component of
[59]
the pathway may not translate into a clinical benefit .
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The same transcriptome study also identified
CCL20 as being the third most upregulated gene
[58]
expressed in AAH liver tissue compared to controls .
CCL20 binds to CCR6 which is expressed on the Th17
subset of T cells as well as on hepatic stellate cells
(HSCs) and γδT cells and is likely to play an important
role in the adaptive immune response.

TH17 CELLS
The Th17 cell subset, defined by its production of
IL-17 and expression of RORγt, is derived from naïve
+
CD4 T cells under the influence of cytokines IL-1b and
[60]
IL-6 . As well as being important in the clearance
of extracellular pathogens, it is also implicated in
[61]
the pathogenesis of several autoimmune
and
[62,63]
inflammatory diseases including ALD and AAH
.
IL-17 enhances the inflammatory response by stimu
lating a wide variety of cells including monocytes,
endothelial cells and fibroblasts, to secrete CXCL8, a
[64]
neutrophil chemoattractant . In a positive feedback
loop, IL-17 also stimulates CCL20 secretion, itself a
Th17 chemoattractant, with high levels of its receptor
[65,66]
CCR6 expressed by Th17 cells
.
Th17 cells have been implicated in the pathogenesis
[63]
of AAH . IL-17 protein in serum from patients with
+
AAH was elevated as was peripheral CD4 T cell
capacity to produce IL-17 on stimulation compared
to healthy controls. In AAH liver tissue, there was
+
an enrichment of IL-17 cells which were T cells and
neutrophils and numbers correlated with degree of
fibrosis. Furthermore, it was shown that HSCs have
the IL-17 receptor and their secretion of important
[34]
fibrotic mediators was dependent on IL-17 .
[58]
The liver transcriptome study
suggests that
in AAH, the high expression of CCL20 results in the
infiltration of Th17 cells. Further work has shown that
CCL20 levels correlate with clinical severity score,
degree of portal hypertension and survival in patients
with AAH and, using an animal model of acute on
chronic ALD [mice treated with carbon tetrachloride
(CCl4), ethanol and LPS], that macrophages and
[67]
HSCs are the primary source of CCL20 . In addition,
exposure of primary HSCs in vitro to CCL20 promotes
[67]
fibrogenesis .
Therefore, it is likely that CCL20 mediates hepa
tic inflammation and fibrosis in AAH by direct effects
on HSCs and via recruitment of Th17 cells. The
Th17 cytokine IL-22 has also been shown to be
upregulated in peripheral blood of patients with AH
and increased levels subsequently predicted better
[68]
patient outcome . Plasma IL-17 (but not IL-21 or
IL-23) was also elevated compared to healthy controls
but not related to outcome. Data was not presented to
determine whether IL-17 and IL-22 were co-expressed
so it is possible that IL-22 may be from the novel Th22
cells rather than pathogenic Th17 cells and hence
may have a hepatoprotective effect. The protective
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effects of IL-22 have been demonstrated in a chronic/
binge ethanol feeding model where administration of
exogenous IL-22 ameliorated liver injury and oxidative
[69]
stress via a STAT3 mechanism . A phase 2 clinical
trial of recombinant human IL-22 is currently underway
in patients with AAH.
Interestingly, a recent study extensively chara
cterised pathogenic Th17 cells from healthy controls
and then confirmed that they were enriched in the
peripheral blood and inflamed gut of patients with
[70]
Crohn’s disease . These pathogenic Th17 cells
were resistant to steroid-mediated T cell suppression
in terms of pro-inflammatory cytokine production
[70]
and proliferation . An animal model of airways
inflammation has also suggested that Th17 cells are
[71]
steroid resistant . This has been further assessed
by gene profile analysis, cytokine expression and
proliferation in Th17 cells derived from patients with
autoimmune uveitis as well as murine Th17 cells in an
experimental model of uveitis, which were shown to be
[72]
resistant to steroid treatment . The latter study also
demonstrated that both human Th17 cells in vitro and
murine Th17 cells in vivo were selectively inhibited by
[72]
the calcineurin inhibitor, ciclosporin A (CsA) .
The observation that Th17 cells are enriched in
AAH but may be resistant to steroid treatment may
help to explain why some patients do not respond
clinically to steroid treatment. Further research is
needed to clarify whether these cells are indeed steroid
resistant in the context of AAH and whether there are
different characteristics in this T cell subset between
steroid responders and non-responders. As suggested
by the recent in vitro and in vivo data discussed
[72]
above , rescue therapy with CsA in patients with
steroid resistant AAH may be efficacious. It is already
well-established therapy for the treatment of steroid
resistant acute severe ulcerative colitis albeit with
[73]
significant toxicities and side-effects
but the risk
of sepsis with such a potent immunosuppressive
agent would be too high to justify a clinical trial in
AAH patients unless a method to specifically target
Th17 cells could be found. Alternatively, if steroid nonresponders could be accurately identified, for example
[74]
by the bioassay recently reported by our group ,
CsA could be selectively offered to these patients with
the highest risk of death from AAH. Another perhaps
less toxic approach is to prevent Th17 cell ingress
to the liver with anti-CCL20 antibody, which may be
particularly efficacious in patients who do not respond
to steroid treatment.

T CELL EXHAUSTION
The phenomenon of a primed immune system but with
failure of pathogen defence may be caused by a defect
in effector cell negative regulatory signalling. Inhibitory
pathways exist to maintain immune homeostasis to
prevent over-activation and exhaustion of immune
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cells but allow appropriate clearance of pathogens and
tumours. Several pathways exist; the best studied
involves the cytotoxic T-lymphocyte associated protein
4 (CTLA-4) family. CTLA-4, a T cell surface receptor, by
binding to the same molecules on antigen presenting
cells, competitively antagonises CD28, the T cell co[75]
stimulation receptor and prevents T cell activation .
Deletion of CTLA-4 in murine models leads to the deve
[76]
lopment of fatal multiorgan autoimmune disease ,
probably as a result of unchecked CD28-mediated
T cell stimulation, demonstrating its importance in
immune control. A member of the CTLA-4 family,
programmed death 1 (PD-1) serves a similar purpose
[77]
to maintain balance of effector T cell function
while
T-cell immunoglobulin and mucin domain 3 (TIM-3)
also has potent inhibitory functions on both T cells and
[78]
innate immune cells . It has recently been proposed
that inappropriate expression of PD-1 and TIM-3 plays
[79]
a role in the immune paresis seen in AAH .
Impairment in both innate and adaptive immunity
was seen in patients with AAH; poor neutrophil antimicrobial function and reduced T cell interferon-γ
(IFNγ) production was demonstrated. In addition,
PD-1, TIM-3 and their ligands were overexpressed on
T cells from the peripheral blood of patients with AAH
compared to patients with ALD or healthy controls but
when these receptors were blocked the immune defect
was overcome. It was shown that the overexpression
of these inhibitory molecules was mediated by LPS
+
[79]
binding to TLR4 on CD14 monocytes .
These intriguing data inform new paradigms of how
an active immune system exposed to many PAMPs can
remain impaired at pathogen clearance and suggest
that gut dysbiosis is central to the pathogenesis
of the disease. However, the effect of other TLR
ligands, cytokines and the direct effect of alcohol
on negative regulatory molecule expression (PD-1,
TIM-3 and others) have not been investigated. It is
important to note that this study was conducted using
peripheral blood derived immune cells which may not
accurately reflect what occurs within the liver and
therefore a similar effect needs to be demonstrated
on intrahepatic immune cell subsets. Finally, careful
consideration of how to translate these findings to a
possible therapy is required. Restoration of immune
homeostasis involves the rebalancing of pro- and antiinflammatory pathways. Improving host defence by
blockade of these regulatory pathways may result in
the tipping of the balance too far in favour of immune
activation which may drive further liver damage. An
experimental model of AAH should be first employed
to assess whether this strategy would have a beneficial
effect.

GRANULOCYTE COLONY-STIMULATING
FACTOR
The cytokine granulocyte colony-stimulating factor
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Figure 1 Immune dysfunction in acute alcoholic hepatitis. Alcohol has a direct effect on hepatocytes by production of reactive oxygen species causing oxidative
stress. It also results in the production of acetaldehyde adducts which can cause DNA damage, mutagenesis and direct cell death. Alcohol consumption also leads
to intestinal bacterial overgrowth and gut dysbiosis with a loss of lactobacillus and increase in proteobacteria species. Dysbiosis together with the direct effect of
acetaldehyde (a metabolite of alcohol) and pro-inflammatory cytokines disrupts epithelial tight junctions and allows the escape of pathogen-associated molecular
patterns (PAMPs) into the portal circulation. Within the liver PAMPs are presented to Toll-like receptors (TLRs) on myeloid cells including monocytes (Mono),
macrophages (Mac) and Kupffer cells (KC) stimulating release of cytokines and chemokines. In addition, TLR4 activation on monocytes leads to upregulation of
negative inhibitory molecules programmed death 1 (PD-1) and T-cell immunoglobulin and mucin domain 3 (TIM-3) on effector T cells (Teff), which in turn inhibit
neutrophil (Neut) anti-microbial functions. Chemokines and cytokines coordinate the infiltration and stimulation of other immune cells in particular neutrophils,
monocytes (both by CXCL1, 5, 6 and IL-8) and Th17 cells (by CCL20). Th17 cells further increase neutrophil infiltration and also stimulate hepatic stellate cells (HSCs)
to produce fibrogenic mediators. TNFα and Fas produced by T cells also leads to hepatocyte cell death by apoptosis through the Fas and TNF receptor pathways.

(G-CSF) stimulates bone marrow production of
granulocytes and haematopoietic stem cells and
is involved in the proliferation and differentiation
of neutrophils but may also play a role in hepatic
[80]
regeneration . G-CSF treatment enhances the
bactericidal and phagocytic capacity of human neutro
phils from healthy subjects as well as impaired
[81]
neutrophils from HIV-1 infected individuals . It is
therefore an appealing therapy for AAH which has
the potential to both enhance neutrophil function and
hepatocyte regeneration.
G-CSF was well tolerated in patients with cirrhosis
and alcoholic steatohepatitis; 5 d of treatment was
+
associated with an increase in circulating CD34 cells
(a surrogate for haematopoietic stem cells), increased
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serum hepatocyte growth factor and proliferation of
hepatic progenitor cells in day 7 liver biopsy specimens.
However, there was no change in liver function
[82]
compared to the control group . A randomised open
label trial of G-CSF treatment of Acute on Chronic Liver
Failure (of which 57% had alcoholic hepatitis as the
underlying aetiology) demonstrated increased hepatic
+
CD34 cells after 28 d and significantly improved 60
[83]
d survival . A recent open label RCT of 5 d of G-CSF
vs standard care (including pentoxifylline) in the
treatment of patients with AAH resulted in a greater
+
number of serum CD34 cells and improved 3 mo
[84]
survival compared to standard care .
These trials have demonstrated the potential
benefit of G-CSF in the treatment of AAH but con
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firmation of its benefit in a large double-blind RCT
is needed. Further study is required to elucidate the
mechanisms of G-CSF action and evaluate its benefit
in the context of steroid resistant disease.

8

9

CONCLUSION
Evidence drawn from studies on patients with AAH and
chronic ALD as well as animal models has enhanced
our understanding of the immune mechanisms
that occur in AAH. In summary, chronic alcohol con
sumption leads to gut dysbiosis, disrupting the gut
epithelial integrity and allowing the presentation of
PAMPs to intrahepatic cells via the portal circulation.
This in turn causes activation of a network of cells
resulting in the alteration of surface molecular patterns
and the release of a plethora of soluble mediators,
which co-ordinates the influx of immune cells into the
liver. In the context of AAH, these immune cell subsets
cause direct damage to hepatocytes and stimulate
HSCs to produce fibrogenic molecules leading to liver
cell death and fibrosis. Additionally, there is evidence
of immune paresis with poor innate cell responses
and increased T cell exhaustion resulting in a reduced
ability to prevent bacterial infection (Figure 1).
Many of the mechanisms of pathogenesis require
confirmation and testing in patients with AAH but have
the potential to yield new therapeutic targets in the
future. Here, we have highlighted the gut microbiome,
the expression of TLRs on different myeloid cell
subsets, the chemokine pathway, the steroid respon
siveness of Th17 cells, T cell exhaustion and G-CSF
therapy as priority areas for further research.
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Abstract
Unidimensional transient elastography (TE) is a
noninvasive technique, which has been increasingly
used in the assessment of diffuse liver diseases. This
paper focuses on reviewing the existing data on the
use of TE in the diagnosis of fibrosis and in monitoring
disease progression in alcoholic liver disease, on
the factors that may influence the result of fibrosis
prediction, and last but not least, on its potential use
in assessing the steatosis degree. Therefore, this
field is far from being exhausted and deserves more
attention. Further studies are required, on large groups
of biopsied patients, in order to find answers to all the
remaining questions in this field.
Key words: Transient elastography; Alcoholic liver
disease; Fibrosis; Steatosis; Liver stiffness; Controlled
attenuation parameter
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review article summarizes the existing
data on the use of transient elastography in the
noninvasive assessment of fibrosis and steatosis in
alcoholic liver disease and highlights the still open
questions in this field.
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PERFORMANCE PARAMETERS OF THE
EXAMINATION

INTRODUCTION
Excessive alcohol consumption is a major public
[1,2]
health issue
as it may lead to liver fibrosis and
[3]
cirrhosis with life threatening complications such as
[4]
hepatocellular carcinoma (HCC) , liver failure and
[5]
death .
The presence and progression of hepatic fibrosis
towards cirrhosis is a main prognostic variable,
impacting the survival of people with alcoholic liver
[6]
disease . Consequently, an important goal in alcoholic
patients is to reliably identify those with advanced
fibrosis and/or cirrhosis, which not only impact the
patients’ prognosis but may also be used as an
argument to support the necessity to quit drinking.
Many efforts have been devoted lately to the
development of noninvasive markers and tests that
may reliably predict fibrosis stages in chronic liver
diseases. One of the newer developments involve
ultrasound elastographic methods for noninvasive
liver fibrosis assessment, some of which have been
studied and developed for the noninvasive assessment
of steatosis, as well. The main method discussed here
is the unidimensional transient elastography (TE)
®
- Fibroscan , one of the best studied elastographic
methods.

PRINCIPLE
®

Unidimensional TE is performed using the Fibroscan
equipment (Echosens, Paris) which consists of a 5 MHz
ultrasound transducer probe mounted on the axis of a
vibrator. Mild amplitude and low frequency vibrations
(50 Hz) are transmitted to the liver tissue, inducing
an elastic shear wave that propagates through the
underlying liver tissue. The velocity of the wave is
[7]
directly related to tissue stiffness .
The technique measures the stiffness in a cylindrical
volume 1 cm in diameter and 4 cm in length, amounting
to about 1/500 of the entire liver volume - 100 times
[8,9]
larger than the volume of the liver biopsy specimen .

WHO CAN PERFORM THE
EXAMINATION?
The measurement can be performed even by a
technician after a certain training period (around 100
[9,10]
cases)
; the clinical interpretation of the results,
however, always requires an expert, who can take into
consideration the demographics, disease etiology and
biochemical profile of the patient at the moment of the
[8]
examination .
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In accordance to the producer recommendations, the
success rate (the number of measurements required
to obtain 10 valid ones) was for a long time limited to
at least 60%, while the IQR (interquartile range) to
[7]
less than 30% of the median (M) liver stiffness (ls) ,
although the best concordance with the biopsy seems
to be obtained when its value does not exceed 20% of
[11]
the median .
According to the latest reports, it is considered
that the “success rate ≥ 60%” parameter is no longer
necessary, and the examination accuracy depends on
the IQR/M ratio, influenced by the median LS value.
Three reliability categories are therefore defined,
with significantly different diagnostic accuracy: “very
reliable” (IQR/M ≤ 0.10), “reliable” (0.10 < IQR/M ≤
0.30 or IQR/M > 0.30 with median LS < 7.1 kPa), and
“poorly reliable” (IQR/M > 0.30 with median LS ≥ 7.1
[12]
kPa) .

REPRODUCIBILITY
[13]

FibroScan appears to have good reproducibility .
In a series of 195 patients with chronic liver disease
of various etiologies and without ascites, using the
FibroScan to identify a suitable portion of the liver
[14]
for examination, Fraquelli et al
found that overall
agreement between two operators was 0.98 (95%CI:
0.977-0.987), and intraobserver agreement was 0.98
for both operators. Increased body mass index (BMI)
2
(> 25 kg/m ), steatosis (> 24% of fatty liver cells),
and histological evidence of none to mild fibrosis
(METAVIR stage < F2) were all significantly associated
with reduced interobserver agreement.

LIMITATIONS OF THE TECHNIQUE
Because elastic waves do not travel through liquids,
[13]
FibroScan has no value in patients with ascites .
Another important limitation is the impossibility to
[13]
examine obese patients , because the probe is
calibrated for a specific distance between the liver
[15]
and the chest wall
and the low frequency vibration
induced by the probe and/or the ultrasound wave can
[7]
be strongly attenuated by the fatty tissue . Castéra et
[15]
2
al
found that a BMI > 30 kg/m had the strongest
association with both test failure and unreliable results.
A special probe (XL probe) with a measurement depth
[16]
of 35-75 mm
was developed for morbidly obese
[17]
patients . A study conducted specifically in patients
2
with a BMI ≥ 30 kg/m found that the use of the XL
specialised probe reduced the rates of failure and
unreliable results (LS measurement was successful
in 45% of the cases with the M probe, vs 76% of the
[18]
cases with the XL probe) .
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WHAT ARE THE LS CUT-OFF VALUES
FOR THE PREDICTION OF EACH
FIBROSIS STAGE IN ALCOHOLIC LIVER
DISEASE?
TE assessment of liver fibrosis has already been
validated in many people with chronic liver diseases
[19-24]
of various etiologies
. The already published metaanalyses demonstrated that the cause of liver disease
is one of the most important factors leading to the
heterogeneity of TE results, thus indicating that the
different chronic liver diseases should be analysed
[25-27]
separately
. In fact, the cut-off levels for specific
stages of hepatic fibrosis vary according to the etiology
of the liver disease. This could be easily explained by
the fact that LS mainly reflects the amount of liver
fibrosis not taking into account its topography and its
consequences on liver architecture which are the basis
[28]
of all semi-quantitative fibrosis staging systems .
Compared with other etiologies, few studies have
been performed on groups of patients with alcoholic
liver diseases (ALD) or, in the studies involving groups
of patients with diffuse liver diseases, the ALD cases
[28-38]
reach only a small percentage of the entire group
.
The LS cut-off values for fibrosis stage prediction
differ quite drastically, mainly due to the presence of
[33]
inflammation, assessed by transaminase levels . A
[6]
recent meta-analysis , taking into consideration 5
retrospective and 9 prospective studies, with a total of
834 participants, could not identify the optimal cut-off
values for the prediction of each fibrosis stage in ALD.
Only one study has established the cut-off values for
the prediction of fibrosis stages ≥ F1 in ALD, namely
[29]
5.9 kPa , which offered 83% sensitivity and 86%
specificity, PPV 97.6%, NPV 35.3% and AUROC 0.84.
For the prediction of stage F2 or above, the TE
sensitivity in the studies included in the Pavlov metaanalysis varied from 75% to 100% and the specificity
from 80% to 100%, while the cut-off values in the
majority of the analysed studies was around 7.5
[6]
kPa (range 7.00 to 7.8 kPa) . The following results
were obtained when using the 7.5 kPa cut-off in the
meta-analysis: sensitivity 0.94 (95%CI: 0.86-0.97);
specificity 0.89 (95%CI: 0.76-0.95); positive likelihood
ratio (LR+) 8.2 (95%CI: 3.6-18.5); negative likelihood
[6]
ratio (LR-) 0.07 (95%CI: 0.03-0.17) .
In the prediction of stages F3 or above, the
sensitivity of the analysed studies in the meta-analysis
varied from 72% to 100% and the specificity from
59% to 89% at cut-off values ranging from 8.0 to 17.0
[6]
kPa . When considering only the studies yielding LS
cut-off values around 9.5 kPa, for the prediction of ≥
F3 stages, the TE sensitivity varied from 80% to 100%
and the specificity from 50% to 80%. In the metaanalysis, when the 9.5 kPa cut-off value was used for
the prediction of stages ≥ F3, the following results
were obtained: sensitivity 0.92 (95%CI: 0.83-0.97);
specificity 0.68 (95%CI: 0.52-0.80); positive likelihood
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ratio (LR+) 2.9 (95%CI 1.8-4.5); negative likelihood
[6]
ratio (LR-) 0.11 (95%CI: 0.05-0.27) .
In alcoholic cirrhosis, the median LS value is
higher than that observed in patients with viral
[29]
cirrhosis . This may be explained by the different
spatial distribution of alcoholic fibrosis, which
develops in centrolobular and perisinusoidal as well
[39]
as in periportal regions . Hepatic alcoholic lesions
are also characterized by liver cell necrosis, reactive
inflammation, steatosis and pericellular fibrosis or
[40]
steatohepatitis .
Concerning the F4 stage prediction, fourteen
studies with 834 participants were analysed, using
nine different cut-off values ranging from 7.15 to
34.9 kPa. The sensitivity of the TE varied from 75%
[6]
to 100% and the specificity from 33% to 94% . The
most frequently used cut-off value for the prediction
of cirrhosis in these studies was 12.5 kPa. Using
this value for the prediction of cirrhosis in the metaanalysis yielded the following results: sensitivity
0.95 (95%CI: 0.87-0.98); specificity 0.71 (95%CI:
0.56-0.82); positive likelihood ratio (LR+) 3.3 (95%CI:
2.1-5.0); negative likelihood ratio (LR-) 0.07 (95%CI:
[6]
0.03-0.19) .
A comment is however required: due to the
relatively small number of studies performed on
patients with ALD, whose authors agreed to disclose
[6]
the necessary data, the cited meta-analysis could not
establish the optimal cut-off values for the prediction of
each fibrosis stage in ALD, which therefore still remains
an open subject. The proposed cut-off values for the
different stages of hepatic fibrosis may be used in
clinical practice, but with caution, since those reported
values were simply the most common cut-off values
[6]
used by the study authors ; they are insufficiently
validated and there is always the risk of overestimation
of LS values in patients who are not abstinent from
[6,7]
alcohol consumption .
[6]
The practical conclusion of this meta-analysis
is that TE may be used as a diagnostic method to
rule out liver cirrhosis (F4) in people with ALD when
the pre-test probability is about 51% (range 15% to
79%); TE may also help in ruling out severe fibrosis
(F3 or worse). Liver biopsy remains an option if the
identification of the stage of hepatic fibrosis or cirrhosis
cannot be clearly made after a clinical follow-up or
any other noninvasive test considered useful by the
[6]
clinician .

WHAT IS THE SIGNIFICANCE OF LS
IN PATIENTS WITH ALCOHOLIC LIVER
DISEASES?
LS was proven to correlate well with the grade of
[41]
fibrosis in various liver diseases . However, the
authors of the initial concept have admitted “it is
unlikely that only one physical parameter (LS) can
describe completely a complex biological system of
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which fibrosis is just a part” . Indeed, in a group
of biopsied patients with hepatitis C virus infection,
although fibrosis is the main predictor of LS, steatosis
and necroinflammatory activity cannot be ignored
as they could explain the stiffness variability within
the same fibrosis stage. The relationship between LS
and fibrosis (F), steatosis (S) and necroinflammatory
[43]
activity (A) is illustrated in the equation :
LS (logarithm) = 0.493 + (0.180 × F) + (0.034 × S)
+ (0.033 × A)
This is also true of ALD patients. However, the
exact relationship between the 3 histopathological
parameters and liver stifness still remains to be
established in these patients.
Glisson’s capsule, covering the liver, is distensible
but not elastic. It follows that additional spaceoccupying tissue abnormalities, such as oedema
and inflammation, cholestasis, congestion, cellular
infiltrations, and deposition of amyloid may interfere
[44]
with LS measurement, independently of fibrosis ;
these confounding factors should be taken into account
when interpreting the values of LS.

The necroinflammatory activity

The necroinflammatory activity influences LS,
leading to an increase parallel with the histologic
[14,45,46]
activity grade
. As a result, the tissue changes
associated to an acute hepatitis may increase stiffness
significantly, sometimes up to cirrhotic levels, due
to cellular intumescence and sometimes to severe
[47]
cholestasis . The contribution of these non-fibrotic
changes on stiffness was proven by the progressive
decrease in stiffness alongside the decrease in
[48,49]
transaminase levels
. On the other hand, in
chronic hepatitis patients with transaminase flares,
the increased stiffness is caused not only by preexisting fibrosis but also by superimposed cellular
[50]
intumescence ; consequently, the LS interpretation
in patients with high ALT levels must be made with
caution: at ALT levels above 2.5 × the normal limit,
there is a risk to overestimate the fibrosis stage, which
[19]
should be stated in the final examination result .
The influence of transaminase levels on the ac
curacy of fibrosis prediction by TE was highlighted by
[34]
Mueller et al
in ALD patients, because AST levels >
100 U/L lead to an overestimation of fibrosis stage.
The authors cautioned that active inflammation of
the liver should first be excluded by blood tests, prior
to the noninvasive assessment of fibrosis by TE. By
excluding those patients with AST > 100 U/L at the
time of LS assessment from this cohort, the area
under the receiver operating characteristic (AUROC)
for cirrhosis detection by FS improved from 0.921
to 0.945 while specificity increased from 80% to
90% at a sensitivity of 96%. A similar AUROC was
obtained for fibrosis stages ≥ F3 if LS measurements
were restricted to patients with AST < 50 U/L. If
transaminase levels are < 100 U/L, the LS value can
identify liver fibrosis and can be used as a diagnostic
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[34]

tool

.

Extrahepatic cholestasis

Extrahepatic cholestasis increases LS independently
[51]
from fibrosis , and in patients requiring biliary
drainage, the LS decreases with a mean of 1.2 ±
0.56 kPa for each 1 g/dl decrease in bilirubin. For this
reason, it is recommended that before interpreting
the LS results, a possible cholestasis be excluded
through imaging and laboratory tests, in order
to avoid the overestimation of fibrosis stage. The
reasons underlying the high stiffness in cholestasis
are unknown but could be related to tissue swelling,
oedema and increased intracellular pressure due to
[44]
impaired bile flow . In addition, cholestasis may be
a general phenomenon leading to higher LS in various
chronic liver diseases, since intrahepatic cholestasis
has been shown to correlate strongly with LS in
[49]
[34]
patients with acute hepatitis but also with ALD .

Congestive heart failure

Congestive heart failure may also lead to increased LS
up to cirrhotic levels due to a higher content in hepatic
[52-54]
blood, in up to 60% of patients
. In patients
with decompensated congestive heart failure, LS is
dramatically elevated and rapidly decreases during
[55]
clinical recompensation due to diuretic therapy .

Liver infiltration, deposits, rare diseases

The rare infiltration with mast cells, also encountered
sometimes in ALD patients, can also lead to dramatically
[44]
increased LS . An important noncancerous differential
[56,57]
diagnosis of increased LS is amyloidosis
.

Liver steatosis

The influence of steatosis on LS remains controversial.
In some studies, steatosis did not significantly impact
the stiffness, even after adjusting for fibrosis stage,
but the proportion of patients with severe steatosis
was too low to ensure the accurate quantification
[7,17,45]
of any influence
. Other studies proved that
for the same fibrosis stage and activity grade, the
presence of steatosis lead to a significant increase in
[43]
LS , while the morphometric analysis of the biopsy
specimen proved that steatosis does indeed influence
LS independently of fibrosis. This influence is negligible
[58]
in cirrhosis but significant in non-cirrhotic patients .
Still, a steatotic, non-inflamed liver is usually softer,
not stiffer. Further studies are therefore necessary
to explain to what extent does steatosis influence LS
values, especially in ALD patients.

LS AND ALCOHOLIC LIVER DISEASE
FOLLOW-UP
effect of detoxification on LS assessed by Fibroscan® in
alcoholic patients
[40]

Gelsi et al
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ctology unit the changes in LS occurring after alcohol
weaning over a period of 60 d, and compared these
changes in relapser and abstinent patients. They found
a rapid decrease in LS [-1.67% ± (-27.6%) on day 8]
during detoxification in a high proportion of patients if
abstinence was sustained: 41% of patients had lower
values on day 8 and 66.7% on day 60. Relapsers were
found to have a new increase in LS during follow-up
after alcohol relapse.
Similar results were reported in a previous paper
[34]
by Mueller et al
on 50 patients undergoing alcohol
detoxification. The first finding was a parallel decrease
in LS and AST values during alcohol detoxification.
The second was that LS was more likely to decrease
in patients with alcoholic liver disease with high initial
AST levels, but remained stable once AST levels were
below 100 U⁄L. The decrease in LS during alcohol
detoxification could not be explained by changes in
fibrosis stage given the short observation interval of 5.3
d. Therefore any change in LS must be attributed to
[34]
other factors, most likely steatohepatitis .
[3]
Bardou-Jacquet et al also confirmed these results
during a much longer follow-up period (median
32.5 wk) with a precise control of the addiction. LS
decreased after alcohol cessation over a long period
of time, and this was of particular importance when
the initial LS values varied between 8-16 kPa; these
levels indicate significant fibrosis or cirrhosis in chronic
hepatitis C, but should be interpreted with caution
[3]
in ALD . In this study, relapsers were found to have
either an increase or a decrease in LS during follow
up, possibly due to the level of alcohol consumption
after relapse; relapsers could consume less alcohol
during follow-up which could lead to a decrease in
LS. This particular point should be assessed in a
prospective study recording the precise alcohol amount
consumed. If these results will be confirmed, then TE
would have proven to be a useful tool in monitoring
adherence during follow-up and fluctuations in alcohol
[3]
consumption . Considering that in this study LS and
its variation were correlated with AST and GGT levels,
the TE performance in estimating the fibrosis stage in
ALD may be improved by the use of a coefficient based
[3]
on liver enzyme values .
Prospective studies performed on large groups of
biopsied patients followed up during alcohol withdrawal
are, however, necessary and they must also establish
the best interval between alcohol cessation and TE
evaluation. Therefore, the interpretation of Fibroscan
results in alcoholics must take into account whether
alcohol consumption was continuous, the abstinence
period as well as the biochemical tests at the moment
of the examination (mainly AST, ALT and GGT).

Use of TE in monitoring disease progression in patients
with alcoholic liver disease: Portal hypertension and
hepatocellular carcinoma

In alcoholic cirrhosis, the evidence relating to the
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diagnostic accuracy of TE in relation to portal hyperten
sion and oesophageal varices is weaker than that relating
[13]
to fibrosis and cirrhosis .
Concerning portal hypertension, the studies per
formed on patients with various etiologies of liver
cirrhosis report that TE can be quite effective in
detecting patients with a high risk of having developed
clinically significant elevations of hepatic venous
[41]
pressure gradient (HVPG) or varices . Several studies
have shown that there is a good correlation between
LS values and HVPG in patients with advanced liver
[37,59,60]
diseases
. A recent meta-analysis found an
excelent diagnostic performance of TE in predicting
clinically significant PH (HVPG ≥ 10 mmHg) in patients
with compensated chronic liver disease/cirrhosis, with
[61]
an AUROC of 0.93 . While the correlation is excellent
for HVPG values between 5 and 10-12 mmHg (typical
of cirrhosis without evident clinical manifestations
related to PH), it hardly reaches statistical significance
[41,60]
for values above 12 mmHg
.
[38]
Lemoine et al
analysed a group of 48 patients
with alcoholic cirrhosis and 44 with viral C cirrhosis
and found that, although all patients had compensated
cirrhosis Child-Pugh class A, the LS was significantly
higher in the former group (49.9 ± 21.7 kPa vs
25.7 ± 14 kPa, p < 0.001) and the area under ROC
curve for the prediction of clinically significant portal
hypertension was 0.94 ± 0.03; a cutoff value of 34.9
kPa had a sensitivity, specificity, PPV and NPV of 0.90,
0.88, 0.97 and 0.64, respectively, for the diagnosis
of clinically significant portal hypertension. The cutoff
values were different in the two studied groups, higher
in the alcoholic cirrhosis group than in the viral C
cirrhosis group (34.9 kPa vs 20.5 kPa), suggesting that
LS values must be closely interpreted according to the
[38]
cause of the liver disease ; apart from the amount
and location of fibrosis, other elementary lesions such
as steatosis and inflammation may also influence the
LS values in alcoholic patients.
Even more uncertainty and controversy involves
the possibility of predicting the presence and size
[41]
of oesophageal varices (OV) based on LS values .
Some studies found a correlation between LS and the
[60,62,63]
presence of oesophageal varices
with AUROCs
ranging from 0.74 to 0.85 and cut-offs from 13.9 to
21.5 kPa. Although the sensitivity for the prediction of
the presence of OV was high (76%-95%), specificity
was in general not satisfactory (43%-78%).
[63]
A study by Nguyen-Khac et al found that, in alcoholic
cirrhosis, using a threshold of 47.2 kPa, FibroScan could
predict the presence of large oesophageal varices with a
sensitivity of 85% (95%CI: 67%-95%) and a specificity
of 64% (95%CI: 53%-74%).
Some studies have highlighted the potential utility
of spleen stiffness (SS) assessment for the prediction
of the presence of OV and of the PH degree in cirrhotic
[64,65]
patients
. Further validation is needed before
[41]
the place of SS in clinical practice can be defined ,
especially in alcoholic liver disease.
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Hepatocellular carcinoma

[66-69]

Several cross-sectional studies
identified that
high LS values measured by TE are significantly asso
ciated with the risk of HCC. One of these studies was
performed on a group including patients with alcoholic
[69]
cirrhosis . However, as mentioned in the EASL-ALEH
guidelines on noninvasive tests for evaluation of liver
disease severity and prognosis, these cross-sectional
studies only describe the “static” phenomenon that
patients with HCC have higher LS values than those
without HCC, not considering the “dynamic” association
between the progression or regression of liver fibrosis
[41]
and the risk of future HCC development . Several
[70-80]
longitudinal prospective studies
have recently
been published and stratified LS values were identified
as an independent risk factor for HCC development.
For example, in a study performed on patients with
hepatitis C, compared with patients with LS values
≤ 10 kPa, those with higher LS values were at
significantly higher risk of developing HCC (LS values,
10.1-15 kPa, HR = 16.7; LS values, 15.1-20 kPa, HR
= 20.9; LS values, 20.1-25 kPa, HR = 25.6; and LS
[68]
values, > 25 kPa, HR = 45.5) . Nevertheless, few
[70,79]
studies include ALD patients in their study groups
,
meaning that the cutoff values described in HCV and
HBV patients cannot be extrapolated for ALD patients.
Concerning ALD patients, further studies are
needed to expand the clinical prognostic usefulness
of TE. In addition, optimal LS cut-off values to assess
the risk of HCC development should be set up in the
future in larger longitudinal prospective studies. Using
TE to assess and monitor the risk of HCC development
will help physicians to establish optimum treatment
strategies. Further research should investigate whether
the accuracy of the surveillance strategy can be
enhanced by incorporating these noninvasive methods
[41]
into the routine surveillance strategy .

NONINVASIVE ASSESSMENT OF
STEATOSIS IN ALCOHOLIC LIVER
DISEASE USING UNIDIMENSIONAL TE
(FIBROSCAN®)
Steatosis is a frequent histological finding in patients
[81,82]
with chronic liver diseases
. Ethanol consumption,
the most popular cause for steatosis, induces fatty liver
[83]
via multiple pathways . An accurate method to detect
and quantify steatosis would be extremely useful and
it has been the subject of extensive research lately.
One of the major obstacles in better defining the liver
fat has been the lack of an easy, noninvasive and
quantitative method to measure steatosis.
A novel noninvasive tool based on the evaluation
®
of ultrasound attenuation using the Fibroscan devi
ce (Echosens, Paris, France) has been developed,
using a novel proprietary algorithm called controlled
[84]
attenuation parameter (CAP) . This parameter is an
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estimate of the total ultrasonic attenuation (go-andreturn path) at the central frequency of the regular or
®
M probe of the Fibroscan (3.5 MHz) and is expressed
in decibel per meter (dB/m). CAP is evaluated using
the same radio-frequency data and the same region of
[85]
interest as the region used to assess LS .
Since the development of this method, CAP has
been used in some studies performed on patients
[84,86-94]
with various diffuse liver diseases
. Among the
histopathological parameters, these studies analyzed
mainly the influence of steatosis and fibrosis and, in
some studies, also that of necroinflammatory activity
on CAP. One study, performed on NASH patients,
included the influence of lobular inflammation and
ballooning on CAP, apart from that of steatosis and
[95]
fibrosis .
A recent study performed on a series of Romanian
[96]
patients
has confirmed the preliminary results
[84,86-90,92-94]
of previous studies
namely that, among
all histopathological parameters assessed during
various diffuse liver diseases, CAP is independently
influenced only by the amount of steatosis, not by
fibrosis, necroinflammatory activity, ballooning or
lobular inflammation (quantified according to liver
disease etiology). The CAP value increases alongside
the increase in steatosis degree. Despite some
overlap in adjacent steatosis grades, the overall
differences between any two steatosis grades are
statistically significant, except between ≥ 34%-66%
and 67%-100% fatty load, which was also reported
[87-89,97,98]
by several authors
. Moreover, this situation
is also encountered when quantifying steatosis using
1
[98]
H-magnetic resonance spectroscopy , which raises
the suspicion of bias in steatosis quantification for
[96]
those grades on liver biopsy .
In a meta-analysis assessing the CAP accuracy for
[99]
steatosis detection , the median optimal CAP cut-off
values were 232.5 dB/m, 255 dB/m and 290 dB/m for
steatosis involving ≥ 11%-33% (S1), ≥ 34%-66%
(S2) and 67%-100% of hepatocytes (S3), respectively,
and the summarized sensitivity and specificity values
were 0.78 (95%CI: 0.69-0.84) and 0.79 (95%CI:
0.68-0.86) for ≥ S1, 0.85 (95%CI: 0.74-0.92) and
0.79 (95%CI: 0.71-0.85) for ≥ S2, and 0.83 (95%CI:
0.76-0.89) and 0.79 (95%CI: 0.68-0.87) for S3.
Few ALD patients have been included in studies
performed so far, evaluating the utility of CAP in
assessing steatosis in various difuse liver diseases; for
this reason, a complete analysis of patients with this
etiology was never acomplished. Certain aspects of
this analysis still remain to be clarified in future studies
[44,100]
in alcoholic patients
: Which are the CAP cutoff
values for the prediction of steatosis grade in ALD?
To what extent does the histology of liver steatosis
(micro- or macrovesicular) influence CAP? Is there
a quantitative relationship between the location and
histological type of the hepatitis, the transaminase
level and LS? What is the diagnostic value of LS in
more complex clinical settings, for example a patient
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with combined alcoholic liver fibrosis, steatohepatitis,
and cardiomyopathy? How does CAP change in
response to fast kinetics such as alcohol detoxification,
binge drinking, after meals and the intake of certain
drugs?

CONCLUSION
In conclusion, in alcoholic liver disease, unidimensional
TE is useful mainly in 2 areas: to identify patients
with fibrosis, so that efforts may be made to prevent
the development of cirrhosis, and to identify patients
with cirrhosis, enabling a better monitorization for the
development of complications such as oesophageal
varices and HCC. The results may be influenced by
factors other than the degree of fibrosis present in
the liver, mainly acute alcoholic hepatitis. The current
drinking status is also relevant. Prospective studies
performed on large groups of biopsied patients are,
however, necessary, to establish the optimal cut-off
values of LS and CAP for the prediction of each fibrosis
and steatosis grade.
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Abstract
After tobacco use, chronic hepatitis B (CHB) viral
infections are the most important cause of cancer
globally in that 1 out of 3 individuals have been infected
with the hepatitis B virus (HBV). Though infection rates
are low (< 1%) in the United States, Asian Americans
who comprise about 6% of the population experience
about 60% of the CHB burden. This paper reviews the
magnitude of hepatitis B (HBV) burden among Asian
Americans and the progress being made to mitigate
this burden, primarily through localized, communitybased efforts to increase screening and vaccination
among Asian American children, adolescents, and
adults. This review brings to light that despite the
numerous community-based screening efforts, a vast
majority of Asian Americans have not been screened
and that vaccination efforts, particularly for adults, are
sub-optimal. Greater efforts to integrate screenings by
providers within existing healthcare systems are urged.
Evidence-based strategies are offered to implement
CDC’s three major recommendations to control and
prevent hepatitis B through targeted screening and
enhanced vaccination efforts.
Key words: Hepatitis B; Asian Americans; Chronic
hepatitis B; vaccination
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B viral infections disproportionately
affect Asian Americans. Untreated, hepatitis B viral
infections can lead to hepatocellular carcinoma that is
almost universally fatal. Unfortunately, a vast majority
of Asian Americans have not been screened. To
reduce the HBV burden, screening both in community
and clinical settings must be accelerated; and both
physicians and patients must see the need for testing.
Based on test results, those who screen positive must
be referred to appropriate care and those without
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natural immunity, recommended for vaccination.
Chen MS Jr, Dang J. Hepatitis B among Asian Americans:
Prevalence, progress, and prospects for control. World J
Gastroenterol 2015; 21(42): 11924-11930 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i42/11924.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i42.11924

INTRODUCTION
Worldwide, two billion people (1 in 3) have been
infected with the hepatitis B virus (HBV), making
HBV one of the most common and serious infections
[1]
in the world . Based on this magnitude, the HBV, in
its chronic form leading to hepatocellular carcinoma
(HCC), are the most important cause of cancer globally
[2]
after tobacco use . Unless detected and treated early,
HBV-induced HCC is a highly fatal form of primary
[3-6]
liver cancer . More than 75% of liver cancers are
[7,8]
attributed to HBV infections , and of the 40 million
individuals chronically infected with HBV, unless
medical intervention occurs, 15% to 25% will progress
[9]
to HCC . Although the overall prevalence of chronic
HBV (CHB) infection is low in the United States
(< 1%), increasing immigration from hepatitis B
endemic areas (where the hepatitis B surface antigen
prevalence i s ≥ 2%), such as East Asia, Pacific
[10]
Islands, and parts of Africa and Eastern Europe ,
have led to rising health disparities among these
groups, with immigrants now having the same risk of
[5,11,12]
CHB as their country of birth
.
In the United States, Americans of Asian ancestry
(otherwise known as Asian Americans), comprise less
than 6% of the United States population, however,
represent the highest and most disproportionate
[6]
(approximately 58%) , burden for HBV-linked
[6,13-17]
HCC
. Per 100000, Asian Americans experience
the highest incidence for cancers of the liver and
intrahepatic bile (male: 21.2 vs 8.9 for Whites; female:
8.0 vs 3.0 White) and mortality rates (male: 14.5
[17]
vs 7.3 for Whites; female: 6.0 vs 3.0 for Whites) .
Most dramatically, the hepatitis B seroprevalence rate
among foreign-born Asian/Pacific Islander women of
childbearing ages was 8.9% compared to 0.08% for
non-Hispanic White mothers for a disparity rate of
[18]
110:1 . Since 2000, Asian Americans experienced a
51% increase in population, the highest growth rate of
[19]
any racial/ethnic group . By the year 2050 there will
be 33.4 million Asian Americans living in the country
representing a 213% population increase compared
[20]
to a 49% increase for the rest of the Nation . At the
same time, the highest increases in liver cancer cases
in the United States are expected among Hispanics,
[21]
Asians, and Pacific Islanders . Thus, addressing
liver cancer is a very relevant and significant arena
for impacting cancer health disparities with great
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importance for the United States population. To set the
context for this paper, we first present important and
relevant characteristics of Asian American populations
based on the United States Census data.
According to the Office of Budget Management,
“Asian” refers to “a person having origins in any of the
original peoples of the Far East, Southeast Asia, or the
Indian subcontinent, including, for example, Cambodia,
China, India, Japan, South Korea, Malaysia, Pakistan,
[22]
the Philippine Islands, Thailand, and Vietnam” .
This categorization represents at least 32 subgroups
[23]
and over 100 spoken languages and dialects .
Asian Americans are the fastest growing racial group
(between 2000 and 2010 the Asian populations
experienced a 46% increase) and it is estimated
that in 2013, 19.4 million Asian Americans resided
[24]
in the United States . In terms of demographics,
Asian Americans are the only racial population in
the United States with a bimodal distribution for
major demographic risk factors related to health
outcomes: education, income, insurance status, and
[25]
age . While the median household income for all
Asian Americans is $72472; across ethnic groups,
the median income ranges from $48249 for Hmong
Americans to $98562 for Asian Indians. The median
age for Asian Americans is 36.3 and that ranges from
22.2 years of age for Hmong Americans to 49.1 years
of age for Japanese Americans. The poverty rate for
the Asian alone category is 12.7%, and is as low as
8% for Japanese Americans to as high as 26.3%
for Hmong Americans. As an aggregate, 14.6% of
Asian Americans do not have health insurance, with
24.2% of Korean Americans and 6.9% of Japanese
Americans living without coverage. In terms of
education, 86.2% of Asian Americans have their high
school diploma (compared to 86.4% of the United
States population); however that number ranges
from 64.8% for Cambodian Americans to 95.1% for
[26]
Japanese Americans . These stark and alarming
differences between the Asian groups are masked
by the aggregated data; for Asian Americans these
differences create devastating disparities in cancer
outcome. Asian Americans have one of the lowest
[27]
cancer screening rates and are the least represented
ethnic population in cancer control research studies
and targeted intervention programs by the United
[28]
States Federal government .

literature research
The objectives of this review are to: (1) focus on
the six Asian American populations with the largest
numbers who may be chronically infected with HBV (see
[6]
table 1 below) , i.e., those of Cambodian, Chinese,
Filipino, Hmong/Laotian, Korean, Vietnamese ancestry
and the limitations of these data based on PubMed
papers published since 2000; (2) highlight the progress
to reduce the burden of HBV among Asian Americans;
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RESULTS

Table 1 Chronic hepatitis B prevalence rate of foreignborn with chronic hepatitis B living in the United States for
[6]
selected Asian Countries
Country

HBV prevalence among Asian Americans

chronic hepatitis B prevalence rate (%)

Laos (home to the Hmong)
Vietnam
China
Cambodia
Philippines
Thailand (home to the Hmong)
South Korea

13.61
12.48
12.25
10.27
7.36
5.97
5.26

and (3) recommend public health-oriented measures
for mitigating the HBV burden among Asian Americans.
For the first objective, we conducted PubMed searches
in April 2015 for “Hepatitis B prevalence among Asian
Americans” supplemented by papers that the authors
were aware of. For the second objective, we chose
to focus on progress exemplified by: (1) Federallyfunded, randomized controlled, community-based
interventions to increase HBV screenings and those
listed on ClinicalTrials.gov; (2) results of increasing HBV
vaccination efforts in PubMed-retrieved publications
from 2001-April 2015; and (3) linkage to care for HBVinfected Asian Americans. For (2) and (3) we conducted
PubMed searches for “Increasing HBV vaccinations
among Asian Americans” and “Linkage to care for
HBV positive Asian Americans”, and supplemented
the results with articles that the authors were aware
of. The two activities of increasing HBV vaccinations
and linkage to care for HBV positive patients are in
accordance with the latest American Association for the
[28,29]
Study of Liver Diseases guidelines for HBV
and the
[10,30,31]
CDC’s recommendations
. In addition, increasing
serological testing for HBV aligns with the 2014 United
States Preventive Services Task Force grade “B”
[32]
guidelines . The decision of limiting this review to
Federally-funded, randomized controlled, communitybased interventions to increase HBV screenings and
those listed in ClinicalTrials.gov was based on the
premise that randomized, controlled trials represent
greater scientific rigor than one-time health fair-type
screenings or uncontrolled or quasi-experimentally
conducted interventions. Likewise, we limited our
focus on progress for documenting increased HBV
vaccinations and linkage to care for HBV positive
Asian Americans to PubMed retrievable peer-reviewed
papers. For the third objective, we used the Centers for
Disease Control and Prevention’s Recommendations for
Public Health Management of Persons with Chronic HBV
infection and Strategy for the Elimination of Hepatitis
[10]
B Transmission
and the recommendations of the
[30,31]
Advisory Committee on Immunization Practices
as the framework for compiling empirically-derived
findings that have demonstrated impact on reducing
the HBV burden.
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The National Health and Nutrition Examination Survey
(NHANES), the only source of nationally representative
[33]
hepatitis B seroprevalence data for the United States ,
has acknowledged limitations of under-representation
of Asian Americans and the lack of nativity data
in their survey which are critical to identify at-risk
[11]
populations . At press time, the report from the
2011-12 NHANES survey that intentionally oversampled Asian Americans had not been released.
Meanwhile, to address these data deficiencies, various
investigators have taken different approaches to
determine HBV prevalence among Asian Americans on
a national and community basis.
[6]
On a national basis, Kowdley et al used CHB rates
from countries of origin and United States Census
data of distinct population groups by national origin
to determine rates. Their findings indicated that of
the 1.32 million people living with CHB, 58% (about
765000 individuals) migrated from Asia. Similarly, on
[5]
a national basis, Mitchell et al estimated that during
1974-2008 there were about 1.3 million new cases of
chronic HBV infection imported into the United States.
The largest number of imported CHB cases came from
the Philippines, China, and Vietnam, who together
accounted for 37% of the total imported CHB cases
during this period. The only published composite report
based on accumulating data from 31 communitybased efforts in various parts of the United States
indicated that over 21817 people have been screened
annually with an average hepatitis B surface antigen
[34]
rate of 8.1% .
At the community level, the numbers of publications
that report on HBV screenings in PubMed are now in
the triple digits and is increasing monthly. By using the
search term, “hepatitis B AND Asian Americans”, 175
articles were identified in April 2015. These screenings
were open to all and hence reflect convenience
samples resulting in varying numbers of individuals
screened for HBV and with HBV positivity rates
reported either by ethnic group or as an aggregated
Asian American group. Typically more female than
male participated and there were generally higher
HBV positivity rates among males. Despite limitations
in generalizability by ethnicity, in later funded studies,
CDC concluded that the 9 community sites could
appropriately identify CHB individuals from high HBV
prevalence populations and refer them to care; they
[35]
highlighted the findings from three of those sites .
Reflecting on the composite 6.6% hepatitis B surface
antigen (HBsAg) positivity rate for those three sites,
our own “Thousand Asian American Study” (that was
not among the three reported in the MMWR article)
resulted in a similar overall HBV positivity rate of 6.5%.
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However, by dis-aggregation by ethnicity and gender,
Hmong and Vietnamese men had considerably higher
rates, 14.3% and 13.6% respectively, signifying the
[36]
importance of interpreting dis-aggregated rates .
Having dis-aggregated data by ethnicity and gender
allows us to target our screening and HBV prevention
and control efforts more precisely as these efforts
require linguistically appropriate and culturally-specific
approaches.

Progress being made

In addition to the localized HBV prevalence rates
gathered through community-based efforts, NIHfunded investigators have elucidated theoreticallybased and culturally appropriate interventions
that have empirically guided measures to promote
hepatitis B testing in Cambodian, Hmong, Korean, and
[37-40]
Vietnamese
. These investigators offer principles
that have guided community-centered screening
interventions.
From the three NIH-funded randomized controlled
community-centered interventions that have been
published, we documented that bilingual/bicultural
[41]
[42]
Cambodian (p < 0.001) , Hmong (p < 0.0056) ,
[43]
and Korean (p < 0.001) lay health educators
are
effective in increasing HBV serological testing rates
in community settings, however, the physician’s role
in influencing serological testing within the context of
a healthcare system appears to be far more efficient
[42,44]
and desired
. Undoubtedly, community-based HBV
screenings reach many who might not otherwise be
reached; however, validating receipt of HBV screening
results and follow up of care can be challenging due
to a lack of health insurance and the administrative
burden of reviewing paper medical charts from a
[42,43,45]
mosaic of healthcare providers
. This is in
contrast to the efficiency and effectiveness of electronic
health records as a means of identifying those needing
to be tested and follow-up of test results which also
achieved statistically significant screening and testing
[46]
in a randomized, controlled study . Leveraging
electronic medical records systems to determine
whether HBsAg have been completed coupled with an
algorithm that selects for typical Asian surnames as
surrogate markers of nativity in intermediate to high
HBsAg regions represent perhaps more efficient means
of targeted screening. However both approaches: “outreach” (clinical) through community-centered efforts
[47]
and “in-reach” (nonclinical) are needed .
Among the more sophisticated and controlled
studies to evaluate screening interventions are
studies registered on the National Library of Medicine
operated website, ClinicalTrials.gov: e.g., “Communitybased Hepatitis B interventions for Hmong adults”
and “Increasing Hepatitis B screening among Korean
[42,43]
church attendees” that have reported their results
.
The third study, “Patient-Centered Care and Asian
Americans” is currently in progress and through a

WJG|www.wjgnet.com

randomized, controlled trial will evaluate a mobile
app plus a physician panel notification (intervention)
compared to a physician panel notification only
(control), in increasing hepatitis B and C testing among
[48]
Asian Americans .
Information on HBV vaccination efforts among Asian
Americans in PubMed retrieved literature is sparse.
Out of the 7 articles retrieved using the search term,
“Increasing HBV vaccinations for Asian Americans”,
none reported actual numbers of vaccinations but
rather referred to vaccinations in the context of
preventing HBV infections. Substantial progress due to
vaccinations can be inferred through the 68% decline in
HBV infection prevalence among United States children
[49]
(which includes both United States born and foreignborn Asian children). Among United States adolescents
as a whole, the HBV vaccination rate is at 93.2%
[50]
but is slightly lower among Asian teens (87.8%)
and so there is room for improvement. However, the
[36]
greatest need is the high CHB rates among adults .
Screening efforts were sub-optimal (under 50%) even
among Asian primary care providers who realize the
significance of HBV and vaccination levels for their adult
[51]
Asian patients .
Thus, progress in preventing and controlling HBV
among must transcend screening to HBV vaccinations
where appropriate and linkage to care as needed.
Among the CDC-funded screening to linkage to care
[47]
[35]
grantees, referral to care ranged from 56% to 86%
[36]
to 92% . These percentages exceed the estimated
[4]
national baseline of about 40% or approximately 33%
among Racial and Ethnic Approaches to Community
[52]
Health communities . More work will be needed in this
arena.

DISCUSSION
In the United States, deaths due to cancers of the
liver and intrahepatic bile duct lead all organ sites
in terms of annual percent change (3.6% for males
and 2.9% for females) while deaths for cancers as
a whole dropped by 1.4% and 0.2% for males and
females respectively. At the same time, cancers of
the liver and intrahepatic bile duct also experienced
a considerably lower five-year survival rates (18%)
[17]
compared to all sites (68%) . Liver cancer mortality
rates lead all other organ sites in the cumulative
increases in cancer deaths (50.28% among men and
[13]
28.83% among women) . Liver cancer mortality
rates have continued to increase with age in all racial/
[14]
ethnic groups between 2006 to 2010 . While multiple
conditions contribute to these increases in mortality
[53]
including Hepatitis C viral infections , high body mass
[54]
[55]
index , diabetes , liver cancer, and in particular,
[56]
CHB for Asian Americans , HCC is a cancer with an
extremely dismal survival rate, especially for Asian
[29,57]
Americans
. Thus, the importance of focusing
on mitigating the HBV-HCC burden among Asian
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Table 2 Recommendations to mitigate the hepatitis B virus burden among Asian Americans
CDC’s recommendations

Evidence-based strategies

1.Screen persons born in areas with ≥ 2% hepatitis B
surface antigen (HBsAg) rates[10]

a.Ask persons which country they were born
b.Encourage providers to recommend HBsAg testing for their at-risk Asian American patients
c.Educate and encourage patients to ask their providers whether they should be tested for
HBsAg[44]
d.Use typical Asian names from EHRs to determine if they have been tested for HBsAg and
then to screen them at the next opportunity[46]
e.Collaborate with Asian American-serving organizations to hold screening events[36]
2.Vaccinate Asian American infants and children[30]
a.Verify that hospitals and birthing facilities are providing birth dose vaccinations
b.If not vaccinated at birth, vaccinate. Note that in many states, verification of hepatitis B virus
(HBV) vaccinations may be a requisite for school enrollment
3.Vaccinate Asian American adults. Note: serologically a.Consider follow up vaccination programs for adults after serological testing for HBV for
test for HBsAg first and after test results are known,
those who need vaccination[36]
[31]
determine if vaccination is appropriate

Americans cannot be discounted while the under[58]
resourced efforts cannot be denied .
Mitigating the progression to HCC through earlier
detection and preventing CHB infections and appropriate
medical management of CHB for infected individuals
is the recommended pathway to eliminating these
disparities and carries with it the possibility of being a
[59,60]
health disparity that could be eliminated
. The 2014
designation by the United States Preventive Services
[32]
Task Force of a grade of “B” , plus the evidence for
the cost-effectiveness of screening, particularly in
[29,57]
outpatient settings
are factors that support HBV
[61,62]
screening and referral to treatment
. Unfortunately,
because CHB is typically asymptomatic, testing
is infrequent and 65% of infected Americans are
[30,31]
unaware of their HBV status
. Even in the Chronic
Hepatitis Cohort Study of 1.2 million people with access
[32]
to care, only 18.8% were tested for HBV ; our results
[46]
were similar, 17.3%-18.5% . In addition, of those
diagnosed with CHB, only about 40% are referred and
[4]
linked to care , an inadequate number of providers
are trained in appropriate care, and few patients are
[12,63,64]
referred to appropriate care
.
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The development of sensitive assays to detect small
amounts of hepatitis B virus (HBV) DNA has favored
the identification of occult hepatitis B infection (OBI), a
virological condition characterized by a low level of HBV
replication with detectable levels of HBV DNA in liver
tissue but an absence of detectable surface antigen of
HBV (HBsAg) in serum. The gold standard to diagnose
OBI is the detection of HBV DNA in the hepatocytes by
highly sensitive and specific techniques, a diagnostic
procedure requiring liver tissue to be tested and the
use of non-standardized non-commercially available
techniques. Consequently, in everyday clinical practice,
the detection of anti-hepatitis B core antibody (antiHBc) in serum of HBsAg-negative subjects is used
as a surrogate marker to identify patients with OBI.
In patients with chronic hepatitis C (CHC), OBI has
been identified in nearly one-third of these cases.
Considerable data suggest that OBI favors the increase
of liver damage and the development of hepatocellular
carcinoma (HCC) in patients with CHC. The data from
other studies, however, indicate no influence of OBI on
the natural history of CHC, particularly regarding the
risk of developing HCC.
Key words: Occult hepatitis B virus infection; Silent
hepatitis B virus infection; anti-hepatitis B core antibody;
Hepatitis B virus infection; Cirrhosis; Hepatocellular
carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Occult hepatitis B infection (OBI) is a
virological condition characterized by a low level of
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hepatitis B virus (HBV) replication with HBV DNA
detectable in liver tissue in the absence of detectable
surface antigen of HBV in serum. Some studies indicate
that OBI may favor the increase of liver fibrosis and the
development of hepatocellular carcinoma in patients
with chronic hepatitis C, whereas other investigations
refute this. Here, we review all the available data on
this topic and discuss the possible influence of OBI on
the natural course of chronic hepatitis C.
Coppola N, Onorato L, Pisaturo M, Macera M, Sagnelli C,
Martini S, Sagnelli E. Role of occult hepatitis B virus infection
in chronic hepatitis C. World J Gastroenterol 2015; 21(42):
11931-11940 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/11931.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.11931

INTRODUCTION
Approximately 170 million individuals are chronically
[1-4]
infected with hepatitis C virus (HCV) worldwide .
HCV is a small, enveloped, positive-sense, singlestranded RNA virus of the genus Hepacivirus of the
Flaviviridae family. Phylogenetic analysis of HCV
isolates has generated the viral classification into six
major genotypes (from 1 to 6) and more than 100
[5,6]
subtypes
. HCV is transmitted by percutaneous
exposure to infected blood through intravenous drug
injection and invasive medical procedures, and by
permucosal exposure through unprotected intercourse
[7,8]
with multiple partners
, particularly in human
immunodeficiency virus (HIV)-positive men who have
[9-12]
sex with men
.
HCV causes acute hepatitis that is frequently
asymptomatic, and in its symptomatic form, it is
characterized by nausea, malaise, and jaundice.
The acute HCV infection resolves spontaneously
[13,14]
in about one-third of the cases
, whereas the
remaining two-thirds remain infected, circulate antiHCV and HCV RNA, and usually show an indolent
course or a slow progression to liver cirrhosis and
[15]
hepatocellular carcinoma (HCC) . In some cases,
however, spontaneous acute exacerbations may
develop, characterized by one or more peaks of the
aminotransferase serum levels above the previous
[16-22]
values
, which can frequently induce a deterioration
of the liver disease. In some cases the progression to
[15]
liver cirrhosis and HCC is rapid , particularly when
co-morbidities, an unfavorable genetic background,
and unsafe lifestyle factors are present. Indeed, the
outcome of chronic hepatitis C (CHC) is influenced by
associated host factors (sex, age at infection, routes of
transmission, immune response, genetic background),
viral factors (HCV genotype and viral quasispecies), comorbidities (viral co-infection, insulin-resistance, liver
steatosis, immunosuppressive clinical condition) and
[23-30]
lifestyle factors (alcohol intake)
.
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The development of sensitive assays to detect
small amounts of hepatitis B virus (HBV) DNA has
favored the identification of occult HBV infection (OBI),
a virological condition characterized by a low level of
HBV replication with HBV DNA detectable in the liver
cells in the absence of detectable surface antigen of
HBV (HBsAg) in serum. In patients with CHC, OBI has
been identified in about one-third of HBsAg-negative/
anti-HCV-positive subjects in the Mediterranean Basin
[31-36]
and in more than 50% in East Asian countries
.
Considerable data suggest that in patients with CHC,
OBI may contribute to chronic liver damage and to the
[24,31,37-40]
development of HCC
. Other studies, however,
indicate that OBI does not influence the natural history
of HCV infection, particularly as regards the risk of
[41-43]
HCC development
. In this review article, which
takes into account all the available literature data, the
possible role of OBI in modifying the clinical course of
CHC is evaluated and discussed.

DEFINITION OF OBI
OBI has been defined as the presence of viral DNA in
the liver tissue (regardless of HBV DNA detectability
in serum) of individuals testing negative for serum
[36]
HBsAg . The gold standard to diagnose OBI is
the detection of HBV DNA in the hepatocytes by
highly sensitive and specific techniques [real-time
polymerase chain reaction (PCR), nested PCR, and
the use of oligonucleotide primers specific for different
HBV genomic regions], a diagnostic procedure
requiring liver tissue to be tested and the use of nonstandardized non-commercially available techniques.
Consequently, in everyday clinical practice, the
detection of anti-hepatitis B core antibody (anti-HBc) in
serum of HBsAg-negative subjects, a sign of previous
acute hepatitis B (AHB), is used as a surrogate serum
[39,43-49]
marker to identify subjects with OBI
. This
option is supported by the observation that in patients
experiencing immunosuppression, OBI, as defined by
the presence of HBV DNA in liver tissue, mostly occurs
[44,50,51]
in HBsAg-negative/anti-HBc-positive patients
.
The data from a previous investigation on 89 HBsAgnegative patients with CHC showed the presence of
HBV DNA in plasma, peripheral blood mononuclear
cells, and/or liver tissue in 60% of the anti-HBs/
anti-HBc-positive patients, in 80% of the anti-HBsnegative/anti-HBc-positive patients, and in 10% of
[44]
those lacking both antibodies .

MECHANISMS OF LIVER DAMAGE BY
OBI
In some cases, an underhand activity of the HBV
genome is the persistence of mild hepatocellular
necrosis for years after the resolution of self-limiting
[52,53]
AHB
. The mechanism of liver damage due to OBI
is still unclear, but there is some evidence that viral
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factors may play a role in its development and in the
related liver damage. In fact, the persistent synthesis
of minute undetectable amounts of the virus or other
viral transcripts produced by the HBV covalently closed
circular DNA (cccDNA) seems capable of maintaining
[33,54]
the HBV-specific memory T-cell response
and
the production of cytokines, such as tumor necrosis
[55,56]
factor-α and interferon-γ
. In addition, mutations
in the X region of HBV may reduce the ability of the X
protein to transactivate host cellular proteins essential
for viral replication, which may lead to the reduction
of HBV DNA replication and the lack of HBsAg serum
[57]
expression .
We should remember, however, that a rare escape
mutation in the S region decreases the reactivity in
[58]
the HBsAg detection assays and is responsible for
an “overt” HBsAg-negative infection that might mimic
OBI.

OBI AND THE PROGRESSION OF LIVER
FIBROSIS
The impact of OBI, as detected by the presence of
serum anti-HBc, on the progression of liver fibrosis in
patients with CHC

As mentioned above, the detection of serum antiHBc has been used as a surrogate marker of the
presence of liver HBV DNA to detect OBI in numerous
investigations exploring the correlation between
this virological condition and liver fibrosis in patients
[24]
with CHC (Table 1). In the year 2000, our group
published a cross-sectional, case-control study on 174
Caucasian HBsAg-negative CHC patients. We showed
that the prevalence of cases with cirrhosis in the antiHBc-positive subgroup was significantly higher than
in the anti-HBc-negative subgroup, suggesting a
role of OBI in fibrosis progression. Similar data were
obtained in a cross-sectional study performed in the
[37]
same period by De Maria et al
on 285 HCV-infected
[38]
patients. A few years later, a cross-sectional study
confirmed the relationship between the presence of
anti-HBc and liver cirrhosis in 119 Italian anti-HCVpositive/HBsAg-negative patients. A study on 129
Portuguese anti-HCV-positive patients published in
2005 found an independent association between
previous HBV infection and biopsy-proven liver
[59]
cirrhosis . Subsequent studies further confirmed
the unfavorable influence of OBI, as detected by the
presence of anti-HBc in HBsAg-negative patients, on
the clinical course of CHC. A cross-sectional Brazilian
[60]
study
found OBI was a predictor of significant
[61]
necroinflammation and fibrosis; El-Sherif et al
demonstrated that the prevalence of cases with
advanced liver disease was higher in patients with OBI
[62]
than in those without. Coppola et al
demonstrated
that OBI was an independent predictor of HCV-related
cirrhosis in a cross-sectional study on 222 patients
from southern Italy.
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Conflicting data have been published by other
[63]
authors. Verbaan et al
did not find any association
between OBI and the progression to cirrhosis in 99
CHC patients, whereas in an Egyptian study, patients
with OBI were more likely than those without to show
[64]
HCV-related cirrhosis . No association was observed
between serum anti-HBc and the degree of liver
[65]
fibrosis in a study from Spain
or between anti-HBc
and the entity of necroinflammation or fibrosis in a
[66]
French study .

The impact of OBI, as detected by the presence of
HBV DNA in liver tissue, plasma, or peripheral blood
mononuclear cells, on the progression of liver fibrosis
in patients with CHC

Table 2 shows the data from several studies on the
relationship between the degree of liver fibrosis and
the presence of OBI, as demonstrated by detecting
HBV DNA in the liver tissue, plasma, or peripheral
blood mononuclear cells (PBMC) of HBsAg-negative
patients with CHC (Table 2). One of the first studies
to suggest a clinical impact of OBI was a cross[31]
sectional study published in 1999 by Cacciola et al ,
which showed in 200 CHC patients that 33.3% of
those with detectable liver HBV DNA had cirrhosis
whereas only 19.4% of HBV-DNA-negative patients
did. Similar data were observed in 203 HCV-infected
[67]
patients in a French study published in 2007 , in
which patients with plasma HBV-DNA showed more
advanced fibrosis (P < 0.001) than those who were
[68]
HBV-DNA-negative. In 2008, Matsuoka et al
tested
468 Japanese HBsAg-negative patients with CHC for
the presence of plasma HBV DNA and found over a
mean follow-up period of 6.7 years that cirrhosis and
HCC occurred more frequently in those with OBI than
in those without. These data were confirmed in a
prospective study from Italy, in which HBV DNA was
[69]
detected in the liver tissue of 326 CHC patients , and
progression to cirrhosis or development of HCC were
more frequent in those with OBI than in those without.
Conflicting data, however, have come from several
studies, with all but one detecting HBV DNA only in
plasma. In a Japanese study on 65 HCV-infected
patients, liver cirrhosis was detected with a similar
[35]
frequency in CHC patents with or without OBI .
[70]
In 2004, Toberson et al
reported no association
between OBI and the grading or staging in 180 antiHCV-positive drug users. A cross-sectional study
[71]
published in the same year on 59 Brazilian patients
showed a similar degree of liver fibrosis in those with
[72,73]
or without OBI. Hui et al
published in 2006 two
retrospective cohort studies on 74 CHC patients and
118 subjects with a recurrent HCV infection after liver
transplantation, respectively. In both studies, liver
fibrosis, as detected by comparing two consecutive
liver biopsies, showed a similar increase in patients
[44]
with or without OBI. In addition, Sagnelli et al
did
not find any association between the degree of liver
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Table 1 The studies evaluating the role of anti-HBc in the development of cirrhosis in HBsAg-negative patients with chronic hepatitis C
First author, year

No. of patients

Country

Type of study

Cirrhosis, positive/tested, n /n (%)
HBcAb

Verbaan 1998[63]
De Maria 2000[37]
Sagnelli 2000[24]
Giannini 2003[38]
Dinis-Ribeiro 2005[59]
Helmy 2006[64]
Laguno 2008[65]
Carvalho-Filho 2009[60]
El-Sherif 2009[61]
Levast 2010[66]
Coppola 2014[62]

99
285
174
119
129
169
238
111
100
140
222

Sweden
United States
Italy
Italy
Portugal
Saudi Arabia
Spain
Brazil
Egypt
France
Italy

Cross-sectional
Cross-sectional
Case-control
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional

+

HBcAb

10/44 (22.7)
29/90 (32.2)
9/76 (11.8)
20/48 (41.6)
14/30 (46.6)
14/85 (16.5)
78/142 (55)2
24/31 (77.4)3
68/71 (95.8)
5/45 (11.1)
21/77 (27.3)

P value

-

10/55 (18.2)
41/195 (21.0)
6/98 (6.1)
15/71 (21.0)
32/99 (32.3)
45/84 (53.6)
49/96 (51)2
40/80 (50.0)3
23/29 (79.3)
16/95 (16.8)
12/145 (8.3)

NS
< 0.05
< 0.005
0.020
HR:1.35 (1.01-2.69)1
0.0001
0.720
0.017
0.009
NS
< 0.009

1

Hazard ratio for progression to cirrhosis in HBsAb/HBcAb+ patients; 2Advanced fibrosis (Scheuer score > 2); 3Advanced fibrosis (Metavir score F2-F4). NS:
Not significant.

Table 2 The studies evaluating the role of hepatitis B virus DNA in serum and/or liver tissue in the development of cirrhosis in
surface antigen of hepatitis B virus-negative patients with chronic hepatitis C
First author, year

No. of
patients

Country

Type of study

Cacciola 1999[31]
Fukuda 1999[35]
Giannini 2003[38]
Silva 2004[71]
Toberson 2004[70]
Hui 2006[72]
Hui 2006[73]

200
65
119
59
180
74
118

Italy
Japan
Italy
Brazil
United States
United States
United States

Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cohort
Cohort

Mrani 2007[67]
Laguno 2008[65]
Matsuoka 2008[68]
Sagnelli 2008[44]
Emara 2010[74]
Squadrito 2013[69]

203
90
468
89
155
326

France
Spain
Japan
Italy
Egypt
Italy

Cross-sectional
Cross-sectional
Cross-sectional
Cohort
Cross-sectional
Cohort

Liver disease
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis
Liver
transplantation
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis
CH/cirrhosis

Sample for HBVDNA detection

Cirrhosis, positive/tested, n /n (%)
+

OBI

P value

-

OBI

Liver
Serum
Serum
Serum
Serum
Serum
Serum

22/66 (33.3)
5/34 (14.7)
2/8 (25.0)
2/10 (20.0)
8/81 (9.9)1
6/31 (19.4)2
8/41 (19.5)2

26/134 (19.4)
3/31 (9.7)
32/111 (28.8)
6/49 (12.0)
11/99 (11.1)1
8/43 (18.6)2
13/77 (16.9)2

0.040
NS
NS
NS
NS
NS
NS

Serum
Serum
Serum
Serum/PBMC/liver
Serum
Liver

28/47 (60.0)
8/15 (53.3)3
37/204 (18.1)
10/37 (27.0)3
0/6 (0.0)
30/128 (23.4)

52/156 (33.3)
37/75 (49.3)3
28/264 (10.6)
19/52 (36.5)3
4/149 (2.7)
25/198 (12.6)

< 0.001
NS
0.002
NS
0.020
< 0.01

1

Advanced fibrosis (Ishak score 3-6); 2Severe fibrosis (Metavir score F3-F4); 3Advanced fibrosis (Scheuer score > 2); 4Severe fibrosis (Scheuer score 3-4). CH:
Chronic hepatitis; PBMC: Peripheral blood mononuclear cells; NS: Not significant; HBV: Hepatitis B virus; OBI: Occult HBV infection.

fibrosis and OBI in a prospective study where OBI was
assessed through the detection of HBV DNA in plasma,
PBMC, and liver tissue in 89 patients with CHC. Finally,
[74]
Emara et al
studied 155 Egyptian CHC patients and
found the prevalence of cases with cirrhosis in patients
with circulating HBV DNA was significantly lower than
in those without.

in the development of HCC in patients with chronic
hepatitis due to etiological agents other than HBV,
firstly HCV, is still a matter of debate in the scientific
community. Using anti-HBc positivity or the presence
of HBV DNA in plasma or liver tissue as a sign of OBI,
several research groups have investigated the role of
OBI in the development of HCC in HBsAg-negative
patients with CHC.

OBI AND THE OCCURRENCE OF HCC

The impact of OBI, as detected by the presence of
serum anti-HBc, on the development of HCC in patients
with CHC

There is biological, epidemiological, and clinical
evidence demonstrating that the oncogenic potential
of HBV may induce the development of HCC both
in patients with cirrhosis and in those with a milder
liver disease. Chronic HBV infection accounts for
approximately 50% of the total cases and for virtually
all childhood HCC, and prospective cohort studies
showed a 5- to 100-fold increase in the risk of
developing HCC among HBsAg carriers compared with
[75]
uninfected subjects . In spite of this, the role of OBI
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The studies that evaluated the impact of OBI, as
detected by the presence of anti-HBc in serum, on the
development of HCC are listed in Table 3. In 1996,
[76]
Chiba et al
published data from a cohort study
on 412 Japanese patients with CHC with or without
cirrhosis and showed a higher incidence of HCC in
those with OBI than in those without (23.7% vs
7.5%, P = 0.02). The same authors reported similar
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Table 3 The studies evaluating the role of anti-hepatitis B core in the development of hepatocellular carcinoma in surface antigen of
hepatitis B virus-negative patients with chronic hepatitis C
First author, year

No. of patients

Country

Type of study

Liver disease

HCC, positive/tested, n /n (%)
Anti-HBc

Takano 1995[84]
Chiba 1996[76]
Chiba 1996[77]
Shiratori 1997[86]
IIHCSG 1998[85]
Dutta 1999[78]
Marusawa 1999[34]
Hiraoka 2003[48]
Imazeki 2003[79]
Hasegawa 2005[87]
Tanaka 2006[80]
Bruno 2007[49]
Ikeda 2007[81]

61
412
204
502
451
51
2366
202
459
140
74
160
846

Japan
Japan
Japan
Japan
Italy
Australia
Japan
Japan
Japan
Japan
Japan
Italy
Japan

Cohort
Cohort
Cross-sectional
Case-control
Cohort
Case-control
Cross-sectional
Case-control
Cohort
Cohort
Cohort
Cohort
Cohort

CH
CH/cirrhosis
cirrhosis
CLD
CLD
CH/cirrhosis
CH/cirrhosis
CLD
CH/cirrhosis
CH/cirrhosis
CLD
Cirrhosis
CH/Cirrhosis

Adachi 2008[82]
Alencar 2008[89]
Miura 2008[94]
Ramia 2008[88]

123
50
141
3364

Japan
Brazil
Japan
Lebanon

Cohort
Cross-sectional
Cohort
Cross-sectional

Stroffolini 2008[47]
Ohki 2010[90]
Lok 2011[43]
Reddy 2013[83]
Tsubouchi 2013[91]

693
1262
273
459
400

Italy
Japan
United States
United States
Japan

Cohort
Cohort
Case-control
Case-control
Cohort

Cirrhosis
Cirrhosis
CH
CH/cirrhosis/
healthy controls
Cirrhosis
CLD
CH/Cirrhosis
CLD
CLD

+

Anti-HBc

P value

-

9/36 (25.0)
47/198 (23.7)
92/128 (71.9)
111/263 (42.2)
34/206 (16.5)
10/17 (58.8)
363/1047 (34.7)
109/250 (43.6)
37/160 (23.1)
9/64 (14.0)
13/53 (24.5)
29/86 (33.7)
130/392 (33.1)

2/25 (8.0)
16/214 (7.5)
36/76 (47.4)
81/239 (33.9)
32/245 (13.1)
7/34 (20.6)
248/1319 (18.8)
93/342 (27.2)
26/299 (8.7)
9/76 (11.8)
0/21 (0.0)
25/74 (33.8)
107/454 (23.6)

57/96 (59.3)
5/12 (41.7)
22/83 (26.5)
7/408 (1.7)

10/27 (37.0)
12/38 (31.6)
11/58 (19.0)
2/2956 (0.07)

NS
0.020
0.0005
NS
NS
0.010
< 0.01
NS
< 0.05
NS
0.012
0.390
IRR: 1.03 (0.66-1.56)1
IRR: 1.58 (1.12-2.22)2
0.0039
NS
0.700
0.507

44/303 (14.5)
160/522 (30.6)
38/121 (31.4)
95/229 (41.5)
24/213 (11.3)

57/390 (12.0)
179/740 (24.2)
53/152 (35.0)
27/230 (11.7)
14/187 (7.5)

0.900
0.630
0.540
0.010
0.280

1

Incidence Rate Ratio for HCC in patients with chronic hepatitis; 2Incidence Rate Ratio for HCC in patients with cirrhosis. CH: Chronic hepatitis; CLD:
Chronic liver disease; NS: Not significant; HCC: Hepatocellular carcinoma; HBc: Hepatitis B core.

results in a cross-sectional study on 204 cirrhotic
[77]
patients . In 1999, a case-control study on 51
Australian patients with CHC with or without cirrhosis
showed a correlation between the occurrence of HCC
and male gender, lower serum albumin level, and
[78]
anti-HBc positivity . In the same year, Marusawa
[34]
et al
published a study on 2014 patients with CHC
with or without cirrhosis and showed that patients
with OBI had a significantly higher rate of HCC than
those without (34.7% vs 18.8%). Similar results
[79]
were reported in a cohort study
on 459 Japanese
patients followed up for a mean period of 6.6 years,
where the incidence of HCC correlated with the age
of the patients, the degree of liver fibrosis, alanine
aminotransferase (ALT) levels and anti-HBc positivity.
[80]
Another Japanese cohort study
on 74 CHC patients
showed a correlation between the incidence of HCC
[81]
and anti-HBc positivity. Ikeda et al
performed a
prospective study on 872 Japanese CHC patients and
observed in those with liver cirrhosis a significantly
higher occurrence of HCC in those with OBI than in
those without, a difference not observed in patients
[82]
with a lower degree of liver fibrosis. Adachi et al
followed up 123 Japanese cirrhotic patients for a
mean period of 53.3 mo and identified as independent
predictors of HCC development male gender, higher
α-fetoprotein and ALT serum values, and the presence
in serum of anti-HBc but not HBV DNA. A case-control
[83]
study recently conducted by Reddy et al
in North
America on 459 anti-HCV-positive patients with CHC

WJG|www.wjgnet.com

showed a significantly higher frequency of HCC in
those with OBI than in those without.
Several studies, however, produced different results.
[84]
A prospective investigation
on 61 CHC patients
found no difference in HCC occurrence between groups
of patients with or without previous exposure to HBV.
The cohort study conducted in 1998 by the Italian
[85]
IFN-α Hepatocellular Carcinoma Study Group on 451
anti-HCV-positive subjects showed a similar incidence
of HCC in anti-HBc-positive and -negative cases.
In 1997, a Japanese study on 502 patients found a
similar frequency of HCC in anti-HBc-positive and anti[86]
[48]
HBc-negative patients . Hiraoka et al
in 2003
[87]
and Hasegawa et al
in 2005 also published similar
[49]
data. Likewise, Bruno et al
demonstrated that antiHBc positivity was not independently associated with
HCC occurrence in 163 Italian consecutive cirrhotic
patients with HCV infection followed up for a median
[47]
period of 10.7 years. Similarly, Stroffolini et al found
no association between serum anti-HBc positivity and
HCC development in a multicenter retrospective cohort
study of 693 Italian cirrhotic patients. This association
was not found also in two cross-sectional studies, one
[88]
[89]
conducted in Lebanon
and one in Brazil . In a
[90]
cohort study
on 1262 Japanese HCV patients, antiHBc positivity was associated with the development of
HCC in a univariate analysis but not in a multivariate
analysis considering age and gender as confounding
[91]
factors. Finally, Tsubouchi et al published in 2013 the
results of a prospective study on 400 anti-HCV-positive
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Table 4 The studies evaluating the role of hepatitis B virus DNA in serum and/or liver tissue in the development of hepatocellular
carcinoma in surface antigen of hepatitis B virus-negative patients with chronic hepatitis C
First author, year

No. of
patients

Pollicino 2004[39]
Tanaka 2004[80]
Hasegawa 2005[87]
Squadrito 2006[40]
Branco 2007[93]
Adachi 2008[82]
Matsuoka 2008[68]
Miura 2008[94]
Obika 2008[41]
Shetty 2008[42]
Lok 2011[43]
Squadrito 2013[69]

226
93
140
134
66
123
468
141
167
44
83
94

Country

Type of study

Italy
Case-control
Japan
Cross-sectional
Japan
Cohort
Italy
Cohort
Brazil
Cross-sectional
Japan
Cohort
Japan
Cohort
Japan
Cohort
Japan
Cohort
United States Cross-sectional
United States Case-control
Italy
Cohort

Liver disease
CH/cirrhosis/ HCC
CH/cirrhosis/ HCC
CH/cirrhosis
CH/cirrhosis
CH/HCC/health controls
Cirrhosis
CH/cirrhosis
CH
CLD
cirrhosis
CH/Cirrhosis
CH/cirrhosis

Sample for HBV- HCC, positive/tested, n /n (%)
DNA detection
OBI+
OBILiver
Serum
Serum
Liver
Serum/liver1
Serum
Serum/liver1
Serum
Liver
Liver
Liver
Liver

45/101 (44.5)
25/32 (78.1)
2/11 (18.2)
8/53 (15.1)
7/10 (70.0)
6/14 (42.9)
29/204 (14.2)
4/8 (50.0)
2/25 (8.0)
12/22 (54.5)
3/16 (18.7)
13/37 (35.1)

28/125 (22.4)
25/61 (41.0)
16/129 (12.4)
1/81 (1.2)
13/56 (23.2)
60/109 (55.0)
9/264 (3.4)
29/133 (21.8)
10/142 (7.0)
8/22 (36.3)
25/67 (37.3)
5/57 (8.1)

P value
< 0.001
< 0.001
NS
0.002
0.029
NS
0.0001
0.0036
NS
NS
NS
< 0.01

1

OBI assessed with immunochemistry for HBsAg and/or HBcAg. OBI: Occult HBV infection; CH: Chronic hepatitis; CLD: Chronic liver disease; HBV:
Hepatitis B virus; HCC: Hepatocellular carcinoma.

patients and showed no difference in the incidence
of HCC and of cumulative liver-related mortality in
patients with and without OBI.

The impact of OBI, as detected by the presence of HBV
DNA in serum or liver tissue, on the development of
HCC in patients with CHC

The studies listed in Table 4 investigated the correlation
between HBV-DNA positivity in plasma or in liver tissue
and the development of HCC in CHC patients (Table 4).
[39]
Pollicino et al
tested for HBV DNA in the tumorous
tissue of 73 patients with CHC and HCC and a liver
sample of 153 CHC patients used as controls and
observed a significant association between OBI and
HCC, irrespective of age or gender. In a cross-sectional
[92]
study published in 2004, Tanaka et al demonstrated
a significantly higher frequency of cases with HCC in
CHC patients with plasma HBV-DNA positivity than in
[93]
those without. Branco et al studied 26 Brazilian CHC
patients, 20 with HCV-related HCC and 20 healthy
controls, for HBV DNA in serum and for HBsAg and
HBcAg immunochemistry in liver tissue and found a
higher prevalence of HCC in the 10 patients with OBI
than in the 56 without (70% vs 23%). Seeking HBV
DNA in the liver tissue of 124 CHC patients followed
[40]
up for a mean period of 82.8 mo, Squadrito et al
found a significant association between OBI and
HCC occurrence, a finding confirmed in a study they
[69]
[94]
published more recently . In 2008, a cohort study
enrolling 141 Japanese CHC patients identified OBI as
an independent predictor of HCC development.
Some published studies, however, report conflicting
[41]
data. A prospective study by Obika et al
on 167
patients with CHC showed a similar incidence rate of
HCC over a mean follow-up of 42.5 mo in patients
with or without HBV DNA in liver tissue (8% vs 7%,
[42]
respectively). In 2008, Shetty et al
published a
study on 56 patients selected for orthotopic liver
transplantation (OLT), 44 of whom underwent OLT.

WJG|www.wjgnet.com

Serum HBV DNA was detected in 28% of the 56,
and liver HBV DNA was detected in 50% of the 44.
Explant-proven HCC was found in 12 of the 22 (54.5%)
patients with OBI and in eight of the 22 (36.3%)
without, a difference not statistically significant. Lastly,
[43]
Lok et al tested for HBV DNA in frozen liver samples
of 83 CHC patients, 28 with HCC and 55 controls, and
found no association between OBI and HCC.

CONCLUSION
The clinical impact of OBI on the natural history of CHC
has been extensively investigated, but the available
data are conflicting and do not allow for conclusions
to be drawn on this topic. One of the main reasons for
this inconsistency is the heterogeneity of the methods
used to detect OBI. In fact, the detection of HBV
DNA in liver tissue of HBsAg-negative subjects can
be considered of high sensitivity and high specificity,
and that of HBV DNA in plasma of high specificity
and moderate sensitivity. In addition, the detection of
anti-HBc in serum should be considered of moderate
specificity and moderate sensitivity in this setting,
although anti-HBc-negative subjects may show HBV
DNA in the liver tissue. Furthermore, the variety of
diagnostic molecular assays used to identify HBV DNA
in plasma and liver tissue of HBsAg-negative subjects
possess different sensitivities, bringing considerable
heterogeneity in the results. Indeed, in the majority of
studies, anti-HBc in serum or HBV DNA in plasma was
used to detect OBI, since this method is cheaper, less
invasive, and less time-consuming than the detection
of HBV DNA in the liver tissue.
Other reasons for the substantial variability in the
prevalence of OBI in published studies may be the
differences in the extent of the spread of HBV infection
in the various geographical areas, the variability
in the viral characteristics, and the heterogeneity
of the enrolment criteria regarding age, gender,
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immunological and ethnic background, and social
habits of the subjects examined.
In addition, OBI itself is a virological condition of
different origins; most patients having a self-limiting
AHB and a minority from the pool of HBsAg chronic
carriers, of whom nearly 1% per year clear serum
HBsAg. Subjects with OBI of different origins may
be present in different proportions in the studies
published, and OBI itself may have a different outcome
and a different impact on the clinical course of CHC in
relation to its origin.
In light of this, we should conclude that the
present knowledge on the clinical impact of OBI on the
progression of liver fibrosis and on the development of
HCC is still insufficient.
In order to reduce the effect of different methods
with different sensitivity and specificity used to
detect OBI in the published studies, we performed a
comprehensive analysis of the studies in which OBI
was identified by the detection of HBV DNA in the liver
tissue, but the results remained conflicting. In fact,
regarding the progression to cirrhosis, we have only
[31,69]
three studies, two from the same Italian group
showing a higher rate of patients with cirrhosis in CHC
with OBI than in those without, and one from another
[44]
Italian group
showing no difference. Regarding
the development of HCC, six studies were analyzed,
three of which were from the same Italian research
[39,40,69]
group
, showing a higher rate of patients with HCC
in the group of patients with OBI than in those without,
[41]
whereas the other three studies, one from Japan and
[42,43]
two from the United States
, showed no difference.
The selection criteria were certainly different from one
study to another, but the methods to detect HBV DNA
in the liver were similar, albeit not identical. Therefore,
the question whether OBI might influence the natural
course of CHC remains unanswered.
A strong contribution to defining the clinical impact
of OBI could come from a prospective international
study considering a large number of HBsAg-negative
patients with CHC selected with pre-established criteria
and using as sign of OBI the detection of HBV DNA
in the liver tissue performed with a highly sensitive
technique in a single, high standard laboratory.
No standardized strategy, at least to our best
knowledge, is at present recommended for the mana
gement of OBI in patients with CHC. In particular,
because of the uncertainty surrounding the clinical
impact of OBI, it is not clear whether close monitoring
is an adequate measure or whether the administration
of an anti-HBV nucleot(s)ide to prevent both the
progression of fibrosis and the onset of HCC is nece
ssary. In this case, the low cost of the anti-HBV
nucleoside lamivudine, which is now obsolete in other
HBV treatment settings because of its low genetic
barrier and the consequent high risk of inducing viral
resistance, might be the drug of choice to suppress the
low level of HBV replication characterizing OBI.
In conclusion, some studies indicate that OBI
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unfavorably affects the progression of liver fibrosis
and the development of HCC in patients with CHC,
an observation not confirmed in other investigations.
The data from prospective studies applying a careful
selection of patients and a highly sensitive, stan
dardized method to identify HBV DNA in the liver tissue
may help clarify this important issue.
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Abstract
Hepatitis B virus (HBV) infection has shown an
intermediate or high endemicity level in low-income
countries over the last five decades. In recent years,
however, the incidence of acute hepatitis B and the
prevalence of hepatitis B surface antigen chronic
carriers have decreased in several countries because
of the HBV universal vaccination programs started
in the nineties. Some countries, however, are still
unable to implement these programs, particularly in
their hyperendemic rural areas. The diffusion of HBV
infection is still wide in several low-income countries
where the prevention, management and treatment of
HBV infection are a heavy burden for the governments
and healthcare authorities. Of note, the information
on the HBV epidemiology is scanty in numerous
eastern European and Latin-American countries. The
studies on molecular epidemiology performed in some
countries provide an important contribution for a more
comprehensive knowledge of HBV epidemiology, and
phylogenetic studies provide information on the impact
of recent and older migratory flows.
Key words: Hepatitis B virus; Molecular epidemiology;
Prevention; Developing countries; Chronic hepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: hepatitis B virus (HBV) infection is a heavy
burden in most developing countries because of its wide
spread, particularly in rural areas, and the high cost of
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prevention, management, and treatment. Therefore, a
greater effort should be made towards implementing
universal vaccination programs as they have been
demonstrated to be effective in reducing the incidence
of acute hepatitis B and the prevalence of hepatitis B
surface antigen chronic carriers. In several low-income
countries, an improvement in the current knowledge
of HBV epidemiology, molecular epidemiology, HBV
replication and co-infection with other viruses such as
hepatitis C virus and human immunodeficiency virus is
strongly desired.
Zampino R, Boemio A, Sagnelli C, Alessio L, Adinolfi LE,
Sagnelli E, Coppola N. Hepatitis B virus burden in developing
countries. World J Gastroenterol 2015; 21(42): 11941-11953
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i42/11941.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i42.11941

INTRODUCTION
Nearly 240 million people worldwide carry hepatitis
[1]
B virus (HBV) infection , associated in nearly half of
the cases with a chronic liver illness. The progression
of liver disease to the more severe forms and the
development and complications of hepatocellular
carcinoma (HCC) entail a heavy burden for low-income
countries. Also political and socio-economic problems
make it difficult, at times impossible, to deal with
the prevention, management and treatment of HBV
infection and associated diseases. This review article
focuses on the epidemiology and prevention of HBV
infection in low-income countries with an intermediate
or high endemicity level.

AFRICA (epidemiology, molecular
biology, prevention)
Epidemiology

Africa is on the whole considered to have a high HBV
endemicity. HBV infection is hyperendemic [> 8% of
hepatitis B surface antigen (HBsAg) chronic carriers
in the general population] only in some sub-Saharan
countries such as Nigeria, Namibia, Gabon, Cameroon,
Burkina Faso. Other countries like Kenya, Zambia, The
Ivory Coast, Liberia, Sierra Leone and Senegal are
considered areas of intermediate endemicity (2%-8%),
while Egypt, Tunisia, Algeria and Morocco, located
in the north of the continent, show a low endemicity
[2]
level (< 2%) . The prevalences of HBV carriers and
genotype distribution in some African countries are
listed in Table 1.
The endemicity level varies also in different
districts and in different target groups in the same
country, e.g., in Burkina Faso, one of the African
[3]
countries with a high endemicity , the HBV overall
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[4]

prevalence is estimated at around 14.5% , some
authors having reported a level of 12.1% in the health
[5]
district of Nanoro , 18% in blood donors of Nouna,
11% in blood donors and 9.3% in pregnant women
[6,7]
in the district of Ouagadougou . In Nigeria, HBsAg
seropositivity is estimated at around 13.6%, but
[8]
higher rates have been found in surgeons (25.7%) ,
[9]
voluntary blood donors (23.4%)
and infants
[10]
(16.3%) . In Cameroon, recent studies reported an
HBV prevalence of 10.1% and 12.1% in blood donors
[11,12]
referring to two hospital blood banks
and of nearly
[13-15]
8% in pregnant women
.
HBsAg-positive age-specific rates were estimated
on a global level for 1990 and 2005 using an empirical
Bayesian hierarchical model. A 12% prevalence was
observed in 1990 in children and adolescents aged up
to 19 years in western sub-Saharan African countries,
the highest rate documented in the world in this age
class, and only slightly decreasing in 2005. In southern
sub-Saharan Africa, chronic HBV infection among
younger age groups (0-14 years) had increased in
2005, with a prevalence of 8%-9% in females. Also
in eastern sub-Saharan African countries, the HBsAg
positivity rate had increased in the younger ages over
time, whereas no significant changes were detected
in the older age groups. An evident decrease in the
HBV endemicity was observed in central sub-Saharan
Africa, from a high endemicity in the aged 0-34 in
1990 to intermediate values in all ages in 2005. Also in
northern Africa and the Middle East regions, the HBV
prevalence decreased from 1990 to 2005, particularly
[16]
among males aged up to 34 years .
Of note, the epidemiology in Africa is characterized
by a much higher HBsAg prevalence in rural than in
[17,18]
urban areas
and by a greater risk for males of
becoming HBV chronic carriers, with a male to female
ratio ranging from 1.1:1 to 3:1 and increasing with the
[19-31]
increase in age
. The higher percentage of HBsAgpositive males harboring HBV chronic infection may be
the result of differences in tribal and sexual behaviors
[32]
between males and females .
Compared with the adult HBsAg chronic carriers
from Southeast Asia, another hyperendemic area,
those from Africa show a lower rate of HBeAg
positivity. In African countries, 20%-30% of subjects
infected by HBV in their early childhood become
chronic carriers and only 10% of them remain HBeAgpositive during adolescence. The majority of HBeAgpositive subjects lose HBeAg quickly, at an annual rate
[33]
of 14%-16% . As is the case in Euro-Mediterranean
countries, also in Africa a large majority (> 85%) of
patients with a biochemically and histologically active
[34,35]
disease are HBeAg-negative
. In addition, the
rate of HBeAg-positive cases found in HBsAg-positive
pregnant women was < 1% in Ethiopia, 1.16% in
[36]
[37]
[38]
Ghana , 1.39% in Nigeria , 3.3% in Zimbabwe ,
[39]
[40]
4.6% in South Africa , 9.5% in Senegal , 16.1% in
[41]
[42]
Zambia , and 24% in southern Tanzania . The low
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have an epidemiological impact in some areas in sub[64]
Saharan Africa . Over the last decade, the United
States President’s Emergency Plan for AIDS Relief
and the Global Fund have supported blood safety
programs in 38 sub-Saharan African countries. The
median percentage of HBV markers in blood donations
was 7.1% in 2000/2004 and 4.4% in 2010/2011.
From 2000/2004 to 2010/2011, 28 (82%) of the 34
reporting countries described a statistically significant
decrease in HBsAg marker-reactive donations. Overall,
the combined data from the 34 countries showed a
[65]
37% decrease in the HBsAg-reactive donations .

Table 1 Prevalence of hepatitis B virus infection and
genotype distribution in some African countries
Countries

HBsAg-positive
[4,11]
prevalence

HBV genotype
[66,68-73,75,77]
distribution

Burkina Faso

14.5%

Cameroon
Gabon
Ghana
Mali
Mauritania
Nigeria
Senegal
Zambia
Zimbabwe

10.1%
9.5%
13.8%
15.5%
10.9%
13.6%
13.8%
6.5%
25.0%

A: A1 southern and eastern
Africa
A2 South Africa
D: D1 and D7 northern Africa
E: western and central Africa
Recombinant A/D and A/E

Molecular epidemiology

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

rate of HBeAg positivity in HBsAg-positive pregnant
women in most African countries correlates with the
[43]
low rate of perinatal transmission observed in Africa .
The data from 18 African countries showed a
median HBsAg-positive prevalence of 12.1% in human
immunodeficiency virus (HIV)-infected individuals
[44]
(range 3.9%-70.3%) . In sub-Saharan Africa, the
prevalence of patients with HIV/HBV co-infection
[45-49]
varies from 0% to 28.4% in different studies
,
with a median rate of 3.8% (0%-13%) in pregnant
women and 7.4% (1.2%-7.8%) in children and young
adults aged from 18 mo to 17 years. Western African
countries seem to have the highest co-infection rates
(median: 11.5%) in the continent, southern African
countries the second highest (median 5.4%), and
eastern African countries the lowest (median 4.1%),
[50]
with a wide variation in single countries . Also the
prevalence of cases with occult HBV infection in HIVinfected patients varies largely across the continent,
the available information, mostly from southern and
[51-56]
western Africa, stating rates from 10% to 33%
.
In African countries, children are at a high risk of
acquiring HBV infection. The annual seroconversion
rates to HBV markers varied from 10.2%-60.5% in
children aged 1-10 years in Somalia, with the highest
[23]
rate in those with a lower socio-economic condition .
The highest rate of children with HBV infection was
15.7% in children aged 5 and 6 years in a study from
[57]
South Africa . Children acquire HBV infection most
[58]
frequently by parenteral horizontal transmission
from parents or siblings, as clearly demonstrated
by phylogenetic analysis in Gambian families where
HBV transmission occurred in at least two-thirds of
[59]
the families investigated . Unsafe sharing in the
daily practices of toiletries and sharpening, cutting,
scraping or scratching objects accounts for such a high
horizontal transmission. In addition, cultural practices
like scarification and tattooing and promiscuous sexual
[29,60-63]
activity greatly increase the risk of HBV infection
.
HBV transmission through the transfusion of blood
[58]
or blood products still occurs
and is believed to
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Five HBV genotypes are more frequently detected In
[2]
Africa, A, B, C, D and E (Table 1) . Despite the limited
number of studies, a trend in their distribution is
emerging. Genotype A predominates in southern and
[2]
eastern Africa, genotype D in northern Africa and
genotype E in the vast region from Senegal to Namibia
and eastward to the Central African Republic. HBV/E
is the most frequent genotype found in the Central
African Republic, the Democratic Republic of the
[2,66,67]
Congo, Benin, Togo and Nigeria
. Recombinants of
HBV genotypes have also been detected, an A and E
[66]
[67]
recombinant in Cameroon and western Africa and
an A and D recombinant in healthy black African adults
[68]
positive for hepatitis B surface antibody alone .
Most of genotype A sequenced in Africa belongs
to subgenotype A1, which is mainly found in southern
and eastern Africa, including South Africa, Malawi,
Tanzania, Uganda, the Democratic Republic of the
Congo and Somalia. This subgenotype has been
frequently detected also in southern Asia (India,
The Philippines, Bangladesh, Nepal), supporting the
hypothesis that this subgenotype was introduced to
Asia through the intensive trade and frequent travels
[69-73]
from eastern Africa
.
Subgenotype A2, mainly isolated in South Africa,
resembles some European isolates and the hypothesis
that Portuguese sailors probably introduced this
th
th
subgenotype to Europe in the 16 and 17 century
[73]
has been formulated . Genotype E prevails in
[2]
native populations of western and central Africa . All
genotype E strains have the same characteristic, an
in-frame deletion of three nucleotides in the 5’ pre-S1
region, a signature pattern of amino acids in the
pre-S1 region and a serological subtype formulated
as ayw4. The low genetic diversity over large
geographical areas suggests that HBV/E may have a
short evolutionary history and a recent introduction to
[2,74]
African countries
.
HBV genotype D is the most prevalent in northern
[75,76]
[76,77]
Africa, particularly subgenotypes D1
and D7
,
but it is also diffuse worldwide. A recent comprehensive
reconstruction of the phylogeography of HBV genotype
D in the European Mediterranean basin indicates that
th
it originated in the second half of the 19 century in
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[78,79]

India

.

Prevention

Vaccination is essential to control HBV infection.
Thanks to the Expanded Programme on Immunization
started in 1995 in some African countries, such
as South Africa, the monovalent anti-HBV vaccine
continues to be administered at 6, 10, and 14 wk of
age and the rate of HBV infection and HCC in children
[80]
shows a clear tendency to decrease .
HBV vaccination in HIV-positive African populations
provides a moderately lower response rate than
in the general African populations, but, as in other
countries, revaccination of non-responders increases
[81]
the response rate to 95% .

ASIA (EPIDEMIOLOGY, MOLECULAR
BIOLOGY, PREVENTION)
Epidemiology

Southwestern Asia, also known as the Arabian
region, accounts for 10% of the Asian territory. The
Arabian peninsula, including Saudi Arabia, Yemen,
Oman, Bahrain, the United Arab Emirates (UAE) and
[82-84]
Kuwait
, shows an HBsAg-positive prevalence
[16]
ranging from 1.5% to over 8% . In particular,
this prevalence ranges from 1.5% to 2.6% in Saudi
Arabia, is reported to be 5.1% in blood donors in
Yemen, the poorest country of the Arabian peninsula,
3.5% in volunteer blood donors in Kuwait and to
range between 2% and 7% in the general population
[85-88]
in UAE
. The Levant (Sham) Arabian region
comprises Syria, Iraq, Lebanon, Jordan and the Gaza
Strip. The HBsAg-positive prevalence is 0.6% in the
[89]
general population in Iraq , 1.6% in volunteer blood
[90]
donors in Lebanon
and 1.4 % in blood donors in
[91]
Jordan . No data are available for Syria at present,
apart from its classification as a geographical area
with an intermediate endemicity in the report by
[86]
Lavanchy . The HBsAg-positive prevalence in the
Gaza Strip is 3.5% in the general population and 3.8%
[92]
in blood donors . Arab countries have implemented
the WHO-recommended Expanded Programme on
Immunization, and HBV vaccination programs started
in these countries have now covered a large proportion
of their population, successfully reducing the HBV
endemicity. In Saudi Arabia, the first Arab country to
[93]
adopt an HBV vaccination program , a steady decline
in the HBsAg-positive prevalence has been observed in
children aged 1-12 years, from 7% in 1989, to 0.31%
[94,95]
in 1997 and 0% in 2008
.
In Cambodia, one of the western Pacific countries,
the HBV prevalence was 4.6% in the adult popu
[96]
lation
and 6.3% in blood donors (Ministry of Health
in Cambodia, 2013, unpublished. data). In this country,
high anti-HBc rates have been reported, 58.6% and
[97,98]
72.4% in different studies
, suggesting a principal
role played in the past by horizontal transmission in
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childhood and adulthood.
The HBsAg-positive prevalence was 3.6% in
subjects aged 18-79 years in Singapore in 2010, and
HBeAg was detected in 4.2% of the HBsAg-positive
cases. The national childhood HBV vaccination program
adopted in this country has shown a great impact in
[99]
reducing the spread of HBV infection .
In China, thanks to the universal HBV immunization
program of newborn babies initiated in 1992, the
prevalence of HBsAg carriers decreased from 9.8%
[100]
observed in 1992 to 7.18% registered in 2006
.
Of note, the vaccination coverage rate at the end of
2005 was 20% lower in rural areas than in the urban
areas, a difference that has steadily decreased in
recent years. Despite the suboptimal coverage, the
prevalence of anti-HBs was higher in fully immunized
children (63.2%-74.3%) than in non-immunized
[101]
subjects (21.1%-34.8%)
. As a result of the
universal HBV vaccination campaign, China has gone
from a high to an intermediate endemicity level in a
[102]
short period of time . At present, however, the HBV
prevalence in some high-risk groups is very high, e.g.,
[103]
11.9% in hemodialysis patients
and 12.5% in HIV[104]
positive subjects .
In South Korea the HBsAg-positive seroprevalence
is 4%, slightly higher in the southern than in the
central provinces. In the last decade, however, the
universal vaccination program has brought about an
impressive reduction in HBsAg positivity documented
[105,106]
in the younger population, from 2.2% to 0.12%
.
In Kazakhstan, an HBV seroprevalence of 3.8% has
been documented, with a peak in the adult population
aged 30-49 (6.3%) and lower rates in the aged 10-29
[107]
(2.5%) and in subjects over 50 (1.7%) .
In India, the estimated HBsAg-positive prevalence
is 3.1% in the non-tribal population and 11.85%
[108]
in tribal populations
, with wide geographical
variations within this subcontinent due to differences
in socioeconomic status, religion, culture and tribal
practices.
The prevalences of HBV infection and genotype
distribution in some Asian countries are shown in Table 2.

Molecular epidemiology

In the Arabian countries HBV genotype D predominates,
[109]
particularly, subgenotypes D1 and D3
. Patients
living on the northern coast of the Persian Gulf are
infected mainly with HBV subgenotype D1, spread
widely by ancient migrations from Iran, Syria, and
[110]
Turkey .
In China, HBV genotypes B and C, and in
particular subgenotypes B2 and C2, predominate,
with some geographical differences. Genotype B is
more frequent in southern China and genotype C in
the north of the country. In some regions of northern
China subgenotype C2 is predominant, whereas
subgenotype C1 is more frequent than C2 in southern
China. Recombinant C/D1 and C/D2 have been found
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Table 2 Prevalence of hepatitis B virus infection and genotype
distribution in some Asian countries

Table 3 Prevalence of hepatitis B virus infection and genotype
distribution in some eastern European countries

Countries

HBsAg-positive prevale
[16,85-92,96,99,105-108]
nce

HBV genotype
[109-118,121,123,125]
distribution

Countries

Cambodia

4.6%

A: India
A1 India
B: China
B2 southern China
C: China
C1 southern China, India
C2 northern China
D: Arabian countries and India
D1 Persian Gulf (Iran, Syria,
Turkey), India, Pakistan
D2, D3, D4, D9 India
C/D1-CD2 western China

China
Gaza Strip
India
Iraq
Jordan
Kazakhstan
Kuwait
Saudi Arabia
Singapore
South Korea
United Arab
Emirates
Yemen

7.18%
3.5%
3.7%
0.6%
1.4%
3.8%
3.5%
1.5%-2.6%
3.6%
4.0%
2%-7%
5.1%

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

to be predominant in the Qinghai-Tibet Plateau and
in western China, indicating that the spread of these
[111-118]
two recombinants may have an ethnic origin
.
Other HBV subgenotypes, such as C5 and C7, possibly
introduced from the southeastern Asian countries,
[119]
have been infrequently detected in China
.
Compared with HBV subgenotype B, subgenotype C
shows a lower replicative activity in young patients
and harbours higher frequencies of HCC-associated
[120]
mutations .
In Pakistan HBV genotype D predominates,
particularly subgenotypes D1 and D3 and a B/D
recombinant plays a marginal role, being responsible
for 3.5% of the cases. It has been suggested that
genotype D achieved its wide distribution in ancient
times associated with the ancient history of the
[121]
civilizations in this region .
Taking into consideration the HBV-host coevolution, the diverse Indian population provides an
excellent opportunity for further studies to investigate
some underpinnings of the HBV diversity. Of the three
HBV genotypes found in India, namely D, A and C,
genotype D is predominant, whereas all the HBV/A
and HBV/C isolates discovered in India belong to
subgenotype A1 and C1, respectively; the genotype
D strains are divergent and classified into 5 distinct
subgenotypes, D1, D2, D3, D5 and D9, with a different
[122-125]
geographical distribution
.

Prevention

The WHO estimates that Asia is the continent with the
highest rate of HBsAg carriers in the world, with an
overall prevalence in the adult population of over 8%.
In order to prevent HBV infection and its associated
diseases, several Asian countries have started
[126]
vaccination programs
. An extensive program
(China GAVI Hepatitis B Immunization Project) was
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HBsAg

HBV genotype
[150-156,160,161]
distribution

Albania

> 9%

Bulgaria
Croatia
Poland
Romania
Russia
Serbia

3.80%
1.7%-15.8%
3.91/1000001
5.59%
7.6/100000
4.4%-13%

A: Eastern Europe (Poland,
Czech Republic, Bulgaria,
Hungary1)
A2 Bulgaria
D: Southeastern Europe
(Russia, the Baltic region,
Belarus, Romania, Hungary,
Serbia, Croatia, Lithuania,
Romania, Bulgaria)1
D1 Bulgaria
D2 Albania, Russia, Estonia,
the Siberian and eastern part
of the former USSR
D3 Serbia
[D: prevalent genotype
(70%-80%)]
1A,D: equal distribution

prevalence

[133-138,142-145,147,148]

1

Incidence/year. HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B
virus.

started in China in 2002 in all the Chinese provinces to
prevent HBV transmission to newborn babies in order
to decrease over time the circulation of HBV in the
country and reduce the heavy burden of liver cirrhosis
and HCC. Although the program has not yet reached
some rural areas, HBV vaccination covers more
than 75% of newborn babies and the rate of HBsAg
[127]
positivity has decreased from 10% to 1%
. This
project has certainly required a strong political, social
and economic commitment, but the results obtained to
date are truly impressive.

EASTERN EUROPE (EPIDEMIOLOGY,
MOLECULAR BIOLOGY, PREVENTION)
Epidemiology

The low number of epidemiological studies on HBV
infection performed in eastern Europe does not allow
conclusive statements to be made on the spread
of HBV infection and on the level of application of
universal vaccination in this large geographical area.
The available data from eastern European countries
show higher HBsAg-positive prevalences than in
[128-131]
western Europe
(Table 3), but the ongoing
universal HBV vaccination campaign in rural and urban
areas of the single countries will reduce this gap in the
near future. In fact, in a recent study from Bulgaria,
the HBsAg-positive prevalence in individuals aged 19
or less, targeted by HBV vaccination, was significantly
lower than that found in non-vaccinated individuals
[132]
aged over 20 (1% vs 4.8%)
. The HBsAg-positive
seroprevalence in the general population was 3.8%
[133,134]
in studies performed in Bulgaria
, 5.6% in
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Table 4 Prevalence of hepatitis B virus infection and genotype distribution in some Latin American countries
Countries

HBsAg prevalence

Mexico, Honduras, Nicaragua, Costa Rica,
Panama, Uruguay, Chile, Argentina, Peru,
northern Colombia
Central America: Guatemala, El Salvador,
Honduras, Haiti, Dominican Republic,
Puerto Rico
South America: Ecuador, French Guyana,
Suriname, south Brazil
Northern Brazil, southern Colombia, Peru,
northern Bolivia

[166-169]

HBV genotype distribution

Low prevalence (< 2%)

Intermediate prevalence (> 2%, < 8%)

High prevalence (> 8%)

[177,178]

F: F1 Central America eastern South-America
F2 Venezuela, Brazil
F3 Central (Panama) and northern (Colombia and Venezuela)
Latin America
F4 Bolivia and Argentina (F genotype: prevalent)
H: Amerindians and Mestizios in Mexico
A, D: Gualalajara, Jalisco, Mexico, Argentina
B, C: dispersed among Latin America populations (due to Asian
immigrants)

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

[135]

Romania
and from 4.4%-13% in different studies
[136-138]
in Serbia
, with wide variations within single
countries that reflect the different socio-economic
[135]
conditions between rural and urban areas . In these
studies, males showed higher rates of HBsAg positivity
than females.
Although introduced in 1995, HBV vaccination
has not as yet significantly reduced the high HBV
[139-141]
endemicity level in Albania
, where HBsAg
positivity in the general population is over 9% and the
[142-145]
overall risk of becoming infected exceeds 60%
.
In Poland, an incidence of acute hepatitis B of almost
4 cases per 100000 inhabitants was registered both
in 2011 and 2012, suggesting a stable spread of HBV
[146]
infection in this country
. In the adult population
in Croatia, HBV seropositivity increased with the
increase in age, from 1.7% to 15.8%, and was higher
in subjects from rural areas than from urban areas
[147]
(10.7% vs 6.1%) . The incidence of acute hepatitis
B in Russia was 7.6 per 100000 inhabitants in 2009,
[148]
with wide variations across the country .

Molecular epidemiology

HBV genotypes A and D are those most frequently
[149]
detected in eastern Europe (Table 3)
, genotype D
being responsible for 70%-80% of the HBV infections
occurring in the northern and central areas and in
[128,150-153]
eastern Mediterranean countries
. In fact, HBV
genotype D predominates in Romania (67%), Lithuania
(54%), Serbia (82%), Croatia (80%), Albania (92%)
and Russia (93%), whereas genotype A predominates
in Poland (77%) and in the Czech Republic (67%), two
countries with similar ethnic backgrounds and a small
[79,128,152,154,155]
proportion of immigrants (3%-4%)
.
HBV genotype A and D, and subgenotypes D1 and
A2 in particular, are those more frequently detected
[156]
in Bulgaria
. Using a phylodynamic approach, the
beginning of the spread of D1 in this country dated back
[78,156]
to the early 1980s
, whereas the strains analyzed of
subgenotype A2 dated back to 1996. HBV genotype A is
frequent in central and northern Europe, where the HBV
[157-159]
spread is mainly sustained by sexual transmission
,
and in Bulgaria, which has a crossroads position
between western and eastern Europe favoring the
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[156]

introduction of new subgenotypes .
More than 70% of Albanian HBsAg carriers are
infected with HBV D2 subgenotype, suggesting an
epidemiological relationship between Albania and
northeastern European countries of the former USSR,
rather than from other Mediterranean countries, where
[79,160,161]
HBV subgenotypes D1 and D3 predominate
.
Hungary shows an almost equal distribution of HBV
genotypes A and D, probably due to its central position
[152]
between western and eastern Europe .

Prevention

[162]

In 2009, Nardone et al
published a report on
the HBV epidemiology in 10 European countries in
relation to the application of the vaccination policies.
At the time of publication of this report, HBV universal
vaccination programs recommended by the WHO were
in progress in different countries of eastern Europe (the
Czech Republic, Romania and Slovakia), but coverage
differed between countries, most probably reflecting
the difficulty to reach people living in rural areas in
some countries (Romania, Slovakia).
In Poland, HBV vaccination of newborn babies is active
and no new HBV cases in childhood and adolescence
have been registered, whereas non-vaccinated subjects
aged 45-49 years still show a high rate of acute HBV
[163]
infection .

LATIN AMERICA (EPIDEMIOLOGY,
MOLECULAR BIOLOGY, PREVENTION)
Epidemiology

The information on the HBV epidemiology in Latin
American countries is scanty and fragmentary, but it
has been estimated that 7-12 million Latin Americans
[164,165]
carry HBV chronic infection
. The rate of HBsAg[166]
positive subjects varies between countries (Table 4) ,
the highest values being detected in the 20-40 age
class as a possible consequence of a major role played
[163]
by horizontal transmission .
More recently, some tropical Latin American areas
such as Panama, Colombia and Venezuela shifted from
[166-169]
an intermediate to a low endemicity level
. In
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addition, countries with a low HBV endemicity show
a high rate of anti-HBc positivity in HBsAg-negative
subjects, a clue to the more extensive exposure to
[170,171]
HBV in the past
. A slight decline in the HBsAgpositive prevalence was observed from 1990 to 2005
in Andean Latin American countries, whereas a slight
increase was reported in southern Latin America in the
[16]
same period .

Molecular epidemiology

HBV genotypes F and H predominate in indigenous
populations of Latin America, whereas genotypes A and
D have been introduced from European and African
[172,173]
populations
. Four subgenotypes of HBV genotype
F (F1-F4) have been identified, predominating in
Central America and frequent in Amerindians in all
[174-176]
countries of South America
(Table 4), and
HBV genotype H in Amerindians and in Mestizos
[177,178]
in Mexico
. Genotypes F and H show a close
phylogenetic relationship, suggesting an introduction of
[174]
F/H ancestral strains before European colonization .
Introduced by European colonization, HBV geno
types D and A have been detected in nearly 35% and
5% of HBsAg-positive subjects of the urban population
of Guadalajara and Jalisco (Mexico), respectively,
while in various cities of Argentina they have been
documented with frequencies ranging from 22% and
[177-179]
45%, respectively
.
Genotypes B and C, introduced by Asian immigrants,
[180,181]
are sporadically detected
.
Worthy of note is that liver cirrhosis and hepato
cellular carcinoma are rare in Mexicans, indicating that
the immune response and course of liver disease in
the Mexican native population may differ from that
[182,183]
described in other geographical areas worldwide
.

At present, the high cost of effective nucleo(t)side
analogues, namely entecavir and tenofovir, to treat
HBV infection and its correlated diseases is a strong
handicap for most developing countries where
numerous patients await treatment.
In addition, the information on the HBV epide
miology is scanty in several low-income countries and
needs to be extended to cover information on HBV
replication, co-infection with HCV and HIV, molecular
epidemiology, phylogenies and clinical aspects.
In Africa, co-infection with HIV is a further problem
that requires a therapeutic approach with the most
appropriate combination therapies.
In Asia, a high viral load and a high prevalence of
HBeAg-positive patients characterize HBV infection,
and make the achievement of viral suppression more
complex.
In Eastern Europe and South America, more epide
miological, virological and phylogenetic information is
needed and further implementation of the vaccination
programs to cover all the rural territories.
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Abstract
Despite availability of a universal vaccine, hepatitis
B virus (HBV) infection has a huge impact on public
health worldwide. Accurate and timely diagnosis of
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HBV infection is needed. Rapid developments have
been made in the diagnostic and monitoring methods
for HBV infection, including serological and molecular
assays. In clinical practice, qualitative hepatitis B
surface antigen (HBsAg) testing has long served as a
diagnostic marker for individuals infected with HBV.
More recently, HBsAg level has been used to predict
treatment outcome when determined early during
treatment or at baseline. However, identification of HBV
DNA positive cases that do not have detectable HBsAg
has encouraged the application of molecular tests.
Hence, combination of quantitative detection of HBV
DNA and HBsAg can be used to discriminate patients
during the course of HBV infection and to monitor
therapy. This article reviews the most commonly used
quantitative methods for HBsAg and HBV DNA.
Key words: Hepatitis B virus; Biosensor; Polymerase
chain reaction; Isothermal amplification methods;
Quantitative assay
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The combination of quantitative detection
of hepatitis B surface antigen (HBsAg) and hepatitis
B virus (HBV) DNA can be used to classify individuals
during the course of HBV infection and to monitor
therapy. The most popular platforms for HBsAg
detection are based on chemiluminescent microparticle
immunoassay, while polymerase chain reaction based
methods are widely used for HBV DNA assay. Recently,
isothermal amplification and biosensors offered a lower
cost and more rapid alternative for HBV quantification.
This article reviews the most commonly used quan
titative methods for HBV.
Liu YP, Yao CY. Rapid and quantitative detection of hepatitis
B virus. World J Gastroenterol 2015; 21(42): 11954-11963
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i42/11954.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i42.11954

11954

November 14, 2015|Volume 21|Issue 42|

Liu YP et al . Detection for hepatitis B virus
[12]

INTRODUCTION
Hepatitis B virus (HBV) is an enveloped virus with a
small (3.2 kb) partially double-stranded DNA genome
[1]
that causes acute and chronic infections . The impact
of HBV infection on public health is enormous, with
an estimated prevalence of 2 billion infected and 360
[2]
million chronically infected . The diagnosis of HBV
infection relies heavily on serological and molecular
tests. Serological tests use serum-based blood tests
that can be analyzed by enzyme immunoassays either
[3]
qualitatively or quantitatively . The tests identify
virus-encoded antigens and their corresponding
antibodies: hepatitis B surface antigen (HBsAg), antiHBs, hepatitis B e antigen (HBeAg), anti-HBe, and
antibodies to hepatitis core antigen (anti-HBc). In
contrast, the molecular tests focus on quantitative viral
load, genotyping, drug resistance mutations, and core
promotion/pre-core mutation assays.
In clinical practice, qualitative assays for HBsAg
have served as diagnostic markers for patients with
HBV infection. More recently, quantitative methods
for HBsAg have been used to predict treatment
outcome when determined early during treatment
[4]
or at baseline . However, identification of HBV-DNApositive cases, which do not have detectable HBsAg,
is greatly encouraging for the application of molecular
testing. This article reviews the most commonly used
quantitative detection methods for HBsAg and HBV
DNA (Figure 1).

QUANTITATIVE METHODS FOR HBsAg
[5]

Since the discovery of HBsAg in 1965 , it has served
as a biomarker for the diagnosis of HBV infection.
Methods for HBsAg detection were first described in the
1970s using electron microscopy, radioimmunoassay,
[6-8]
and enzyme immunoassays
, which were cum
bersome, labor intensive, and restricted to a research
setting. Since then, various diagnostic methods have
been developed for quantitative HBV detection.
In the early 1990s, HBsAg quantification was
considered to be a simple, promising, and inexpensive
method to monitor viral replication in chronic hepatitis
B (CHB) patients who were receiving interferon
[9]
(IFN) therapy . HBsAg quantification is associated
with the concentration of covalently closed circular
DNA (cccDNA), the persistent intrahepatic form of
[10,11]
HBV DNA
. The amount of circulating HBsAg is
hypothesized to be predictive for response to antiviral
therapy. Currently, standard quantitative HBsAg assays
have been developed, which are fully automated and
have high throughput. Two commercially available
assays are briefly introduced here.
The Architect HBsAg QT (Abbott Laboratories,
Abbott Park, IL, United States) is an automated
chemiluminescent microparticle immunoassay me
thod, which is the most widely used assay in clinical
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practice . The Architect HBsAg QT assay is a two-step
immunoassay with flexible assay protocols, referred
to as Chemiflex, for quantitatively measuring HBsAg
[13]
concentrations in serum and plasma . The Architect
HBsAg system can detect as low as 0.2 ng/mL HBsAg
with a dynamic range of 0.05-250.0 IU/mL (1 IU/mL
[14]
is equivalent to 1-10 ng/mL HBsAg) . The assay is
capable of processing up to 800 tests per hour.
Elecsys HBsAg Ⅱ (Roche Diagnostics, Indianapolis,
IN, United States) is another popular assay for HBsAg
[15]
quantification . Elecsys HBsAg Ⅱ is a “sandwich”
assay with a total testing time of 18 min. The results
are reported as a cutoff index (signal sample/cutoff).
The sample is considered nonreactive when the index
is < 0.9, while samples with index value > 1.0 are
[15]
interpreted as reactive .
These two methods can be confidently used for
HBsAg quantification for the most prevalent HBV
genotypes. These tests are easy to use, inexpensive,
and have a rapid turnaround time; the analytical
performance of the assays is generally satisfactory.

QUANTITATIVE METHODS FOR HBV DNA
With the increased prevalence of serologically
negative HBV infections (HBeAg negative CHB
and occult HBV infection) and the rapid advent of
diagnostic escape mutants, the detection of HBV DNA
[16]
has gained more attention in clinical medicine .
The detection of HBV DNA in peripheral blood is a
reliable marker of HBV activity, while high levels of
HBV DNA are associated with a higher incidence
of hepatocellular carcinoma (HCC) and more rapid
[17]
progression to cirrhosis . In addition, HBV DNA
detection is beneficial in routine clinical practice to
identify individuals who need anti-viral treatment and
[18]
provide them the most suitable therapy . Nowadays,
a variety of molecular technologies have been used
in HBV DNA quantification, such as ultraviolet (UV)
spectrophotometry, real-time polymerase chain
reaction (PCR), digital PCR, isothermal amplification
[19-22]
methods, and biosensors
. Here, we review the
rapid and quantitative methods that have been used
for HBV DNA detection.

UV spectrophotometry

The aromatic rings of the bases absorb UV light with
a maximum peak at 260 nm. When a beam of UV
light shines through a sample containing DNA or RNA,
the amount of UV absorption by the sample depends
on the DNA or RNA concentration. The amount of UV
light absorbed by a series of standard DNA amounts is
measured to calibrate the technique, and the ratio of
UV light absorbed by the unknown sample is measured
and plotted on the calibration curve to deduce the
concentration of DNA or RNA.
NanoDrop instruments (Thermo Scientific,
Wilmington, DE, United States) are based on UV

11955

November 14, 2015|Volume 21|Issue 42|

Liu YP et al . Detection for hepatitis B virus

Quantitative methods for HBV detection

HBsAg
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1

1
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1

Enzyme immunoassays (EIA)

Chemiluminescent microparticle immunoassay

HBV DNA

Ultraviolet (UV) spectrophotometry
Real-time PCR
Digital PCR (dPCR)
Isothermal amplification methods

Loop mediated isothermal amplification (LAMP)
Transcription mediated amplification (TMA)
Nucleic acid sequence based amplification (NASBA)
Rolling circle amplification (RCA)
Biosensors

Electrochemical biosensors
Quartz crystal microbalance (QCM) biosensors
Microcantilever biosensors
Surface plasmon resonance (SPR) biosensors

Figure 1 Quantitative methods for hepatitis B virus detection. 1These methods are qualitative or semi-quantitative for HBsAg. HBsAg: hepatitis B surface
antigen.

spectrophotometry and utilize a patented sampleretention system that allows the quantification of
[23]
DNA or RNA from 1-2 μL samples . The usable
concentration ranges are 0.4-15000 ng/μL. No spe
cific sample preparations are needed for NanoDrop
[23]
instruments .

Real-time PCR

[24]

Since developed in 1983 by Kary Mullis , PCR has
become an essential tool for molecular biologists,
and its application in nucleic acids detection system
has revolutionized the quantitative analysis of DNA
and RNA. PCR techniques have rapidly evolved over
the last few years, and their quantitative applications
have favored the development of real-time PCR. Real-
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time PCR follows the general principle of conventional
PCR, and its key feature is that the amplified DNA
is detected as the reaction progresses in real time.
This new approach has a broader dynamic range
compared to conventional PCR. The most commonly
[25]
used reagents for real-time PCR are TaqMan probes .
TaqMan probes are hydrolysis probes that were
designed in 1991 to increase the specificity of quan
[26]
titative PCR . Figure 2 outlines the reaction me
chanism of real-time PCR based on TaqMan probes.
[27]
In the study by Abe et al , a sensitive, accurate,
and reproducible assay for HBV DNA quantification
based on real-time PCR using TaqMan probes was
reported. Their results demonstrated that the limit
of detection was as few as 10 copies/reaction, with a
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Figure 2 Reaction mechanism of real-time polymerase chain reaction based on TaqMan probe technology. TaqMan probe is an oligo-nucleotide probe that
has a fluorescent reporter at the 5’ end and a quencher attached to the 3’ end. Once hybridized to the target sequence during annealing, TaqMan probe is cleaved by
DNA polymerase, which separates the fluorescent reporter from the quencher. Once they are separated, the signal is emitted and detected in the real-time machine.
The intensity of fluorescence is proportional to the amount of PCR product produced. FRET: Fluorescent resonance energy transfer.
8

linear standard curve between 10 and 10 DNA copies/
reaction. The coefficient of variation for both inter- and
intra-experimental variability indicated remarkable
reproducibility.
[28]
Sitnik et al
developed a real-time PCR assay
for HBV DNA quantification with TaqMan and minor
groove binder (MGB) probes. In this assay, primers
and probes were designed using an alignment of
sequences from all HBV genotypes in order to amplify
all the genotypes equally. The assay had a dynamic
8
range from 50 to 10 IU/mL.
Although many laboratories have developed inhouse real-time PCR-based assays, all of them had
[3]
a lack of quality control and standardization , which
restricted their application in clinical diagnosis. The
major diagnostics companies also provide commercial
quantitative assays. These assays vary in their
detection limit and dynamic range: the first version
2
suffered from a narrow dynamic range from 10 to
5
10 copies/mL, while the detection limit of the newer
assay is lower than 50 IU/mL with a dynamic range
8
[29-32]
of approximately 10 IU/mL
. Recently, the World
Health Organization has established a universal
standard for HBV DNA quantification measured in IU/
mL, with the purpose of correlating different results
[33]
using a single reference unit . However, significant
variability in quantification among different assays
can occur randomly in spite of the standardization
of reporting units and the generally good correlation
[34,35]
between different assays
. Hence, patients are
[1]
suggested to be monitored by a single assay .

Digital PCR

[36]

Digital PCR, developed by Vogelstein et al , is a
refinement of conventional PCR methods that can
be used to quantify and clonally amplify nucleic
acids directly, including DNA, cDNA, and RNA. The
key difference between digital and conventional PCR
lies in the measuring method; digital PCR is a more
[37]
precise method than conventional PCR . A sample
is partitioned in digital PCR so that individual nucleic
acid molecules within the sample are localized and
concentrated within many separate regions. The
partitioning of the sample allows for estimation of the
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number of molecules, by assuming that the molecular
population follows a Poisson distribution. Hindson
[38]
et al
developed a fundamentally distinct method
of partitioning, droplet digital PCR, which partitions
a sample into 20000 droplets and provides digital
counting of nucleic acids.
High-sensitivity techniques distinguish differences in
the number of HBV copies among samples, especially in
cases of low copy number (e.g., nucleic acids extracted
[39]
from tissues). Huang et al
applied droplet digital
PCR to measure the number of HBV copies in formalinfixed paraffin-embedded (FFPE) HCC tissue. A total
of 131 HCC FFPE samples with different tumor stages
and clinical features were classified by their serological
tests. The number of HBV copies were successfully
determined by droplet digital PCR for all FFPE tissues,
with copy numbers ranging from 1.1 to 175.5 copies/μL.
These results showed that droplet digital PCR improved
the analytical sensitivity and specificity of nucleic acids
measurement to a single-molecule level and was sui
table for HBV DNA quantification.

Isothermal amplification methods

PCR-based assays are the most widely used methods
for HBV DNA quantification; however, they need a
thermo-cycling machine to separate DNA strands and
[21]
amplify the fragments . Isothermal amplification
methods are carried out at a constant temperature,
and do not require a thermal cycler. The isothermal
amplification methods have been developed according
to new findings in the molecular biology of DNA/
RNA synthesis and in vitro nucleic acid amplification
function of some accessory proteins. Here, we describe
several isothermal amplification methods that have
been used to quantify HBV DNA.

Loop-mediated isothermal amplification

Loop-mediated isothermal amplification (LAMP) is a
[40]
single-tube technique for DNA amplification . LAMP
may be combined with a reverse transcription step
[41]
to allow the detection of RNA . In LAMP, the target
sequence is amplified at a constant temperature
of 60 ℃-65 ℃ using either two or three sets of
primers and a polymerase with high activity of strand
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displacement and replication activity. An additional pair
[42]
of loop primers can accelerate the amplification .
Due to the specific nature of the primers, the amount
of DNA products in LAMP is considerably higher than
[42]
in PCR-based amplification . Compared with PCR,
LAMP was less sensitive to inhibitors in complex
samples, such as blood, due to the use of a different
DNA polymerase. However, complex primer design
has been considered as a weakness of LAMP, and it
may limit its application in some aspects of molecular
[21,41]
biology
.
The original article on LAMP, which was published
[40]
in 2000 by Notomi et al , showed that 600 and 6000
copies of HBV DNA were detected at 13 and 11 min,
respectively, which indicated a high specificity and
[43]
efficiency for HBV detection. Cai et al
developed an
accurate and rapid real-time fluorogenic LAMP protocol
to quantify HBV. Their study demonstrated a dynamic
range of eight orders of magnitude, a lower detection
limit of 210 copies/mL, low inter-assay and intra-assay
variability (4.24%-12.11%), and excellent correlation
2
with real-time PCR (R = 0.96). Similar LAMP assays
have been reported by others, indicating that LAMP
may be useful in the future as a low-cost alternative
[44,45]
for HBV DNA quantification
.

Transcription-mediated amplification

Transcription-mediated amplification (TMA) is an
isothermal amplification technique used in molecular
biology research and in clinical laboratories for the rapid
diagnosis of infections. In contrast to PCR, this method
involves RNA transcription (via RNA polymerase) and
DNA synthesis (via reverse transcriptase). There are
several more differences between TMA and PCR: (1)
TMA is isothermal; (2) TMA produces RNA rather than
DNA amplicons. Since RNA is more labile in a laboratory
environment, this reduces the possibility of carry-over
contamination; and (3) TMA produces 100-1000 copies
per cycle (PCR only produces two copies per cycle),
which results in a 10 billion-fold increase in nucleic acid
[46]
products within 15-30 min .
[47]
Kamisango et al
developed a sensitive and
quantitative assay using TMA and hybridization
protection assay for the detection of HBV DNA in
serum. The assay achieved a detection range of 5 ×
3
8
10 to 5 × 10 genome equivalents/mL. It takes about
5 h to complete a moderately sized manual assay. Ide et
[48]
al noted that TMA was more useful in understanding
the changes of HBV DNA level than branched DNA
signal amplification assay in lamivudine-treated CHB
[49]
patients. Kubo et al examined the usefulness of TMA
for evaluation of the active degree of hepatitis and
estimation of recurrence after resection of HBV-related
HCC.

Nucleic acid sequence-based amplification

Nucleic acid sequence-based amplification (NASBA) is
[50]
similar to TMA, which was developed by Compton
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in 1991 to amplify RNA sequences. This technique can
also be used for amplification of DNA with modifications
in the basic method, such as primer design, sample
[16]
extraction, and template denaturation . Compared
with PCR, major advantages of NASBA are: (1) it works
under isothermal conditions - usually at a constant
temperature of 41 ℃; and (2) it is more rapid and
[51]
sensitive than PCR in medical diagnostics .
[52]
Yates et al developed an HBV DNA quantification
system based on amplification with NASBA and realtime detection with molecular beacon technology. The
3
9
detection range of the assay is 10 -10 copies/mL
in plasma or serum, with good reproducibility and
[53]
precision. Deiman et al
used NASBA, including
a restriction enzyme digestion for HBV DNA amp
lification, and found that the sensitivity of normal
NASBA was improved 100-1000 times when restriction
enzyme digestion was performed prior to amplification.
The limit of detection was 10 IU/mL with a dynamic
2
9
detection range of 10 -10 IU/mL.

Rolling circle amplification

Rolling circle amplification (RCA) is a simple, reliable,
and isothermal amplification method, which is driven
by DNA polymerase to generate a long tandem
[54]
repeat product based on a circular DNA template .
This technique does not require advanced laboratory
equipment or experimental expertise. Compared with
PCR, the main advantages of RCA include: (1) it is
resistant to inhibitors present in clinical samples and
[16]
requires almost no assay optimization ; and (2) it
can amplify targets on solid support or in solution,
offering opportunity for microarray and biosensor
[55]
application (Figure 3).
The property of a circular template for RCA makes
it ideal for detection of HBV DNA, especially cccDNA.
[56]
Margeridon et al
reported that cccDNA from liver
biopsies could be amplified from as few as 13 copies
[57]
using RCA. Martel et al
developed a method using
in vitro completion/ligation of plus-strand HBV relax
circular DNA and amplification using RCA. The method
can amplify complete HBV genomes from serum with
3
8
viral loads ranging from 10 to 10 IU/mL.
The isothermal amplification methods mentioned
above offer several advantages over PCR, most
importantly, they do not require an expensive and
cost-intensive thermal cycler. Comparisons between
isothermal amplification methods and conventional
PCR are shown in Table 1.

Biosensors

Biosensors are analytical devices used for detection,
which combine a biological component with a phy
[22]
sicochemical detector . Recently, an increasing
number of biosensors have been used in clinical
research; a common example is the blood glucose
biosensor, which uses glucose oxidase to break blood
[58,59]
glucose down
. Most of the clinical research on
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Single primer
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3'

5'

3'
DNA synthesis

Circular template

Figure 3 Scheme of the rolling circle amplification reaction. RCA rapidly synthesizes multiple copies of a single circular template with use of a single primer.
RCA: Rolling circle amplification.

Table 1 Characteristics of isothermal amplification methods and polymerase chain reaction reviewed in this article
Method
PCR
IAM
LAMP
TMA
NASBA
RCA

Temperature
requirement (℃)

No. of
enzymes

Primer design

Product detection method

Rapid detection
possibility

Tolerance to biological
components

55-95

1

Simple

GE, ELISA, Real-time

Yes

No

60-65
50-60
37-41
37

1
2
2 or 3
1

Complex
Simple
Simple
Simple

GE, turbidity, Real-time
GE, ELISA, Real-time, ECL
GE, ELISA, Real-time, ECL
GE, Real-time

Yes
Yes
Yes
Yes

Yes
No
No
No

ECL: Electrochemiluminescence; GE: Gel electrophoresis; PCR: Polymerase chain reaction; IAM: Isothermal amplification methods; LAMP: Loopmediated isothermal amplification; TMA: Transcription-mediated amplification; NASBA: Nucleic acid sequence-based amplification; RCA: Rolling circle
amplification.

biosensors was based on immunological reactions or
DNA hybridization, and the biosensors always yielded
[60-62]
rapid results with high sensitivity
.
Electrochemical biosensors: Electrochemical
biosensors work by detecting current or potential
changes caused by binding reactions that occur on or
[63]
near the electrode surface . Recently, electrochemical
biosensors have offered sensitivity, selectivity, and lowcost detection for DNA sequences and have attracted
[64]
considerable attention. Ding et al
described a labelfree electrochemical biosensor for the detection of
oligonucleotides related to HBV sequences via the
interactions of DNA with the redox-active complex
2,9-dimethyl-1,10-phenantroline cobalt[Co(dmp)(H2O)
(NO3)2]. The experiment was performed by hybridizing
21-mer DNA probes modified on glassy carbon
electrode with target DNA and cobalt[Co(dmp)(H2O
)(NO3)2], whose sizes were comparable to the small
groove of native double-helix DNA that was used as
an electrochemical indicator. Under optimal conditions,
the electrical signal had a linear relationship, with the
-7
concentration of target DNA ranging from 3.96 × 10
-6
to 1.32 × 10 mol/L, and the detection limit was 1.94
-8
× 10 mol/L.
[65]
Zhang et al
developed an electrochemical
biosensor using diaquabis[N-(2-pyridinylmethyl)
benzamide-kappa N-2,O]-cadmium(Ⅱ) dinitrate as a
new electroactive indicator for the detection of human
HBV DNA. The hybridization between the probe and its
complementary single-stranded DNA was determined
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by differential pulse voltammetry. Experiments
with non-complementary oligonucleotides were
carried out to assess the selectivity of the developed
electrochemical DNA biosensor. HBV DNA could be
-8
-6
quantified in a range from 1.01 × 10 to 1.62 × 10
mol/L with good linearity (γ = 0.9962). The detection
-9
limit was 7.19 × 10 mol/L.
Quartz crystal microbalance biosensors: Pie
zoelectric materials, typically crystals, generate an
[19]
electrical potential in response to a mechanical force .
Piezoelectric biosensors are mass-sensitive, and the
additional mass to the sensor causes a detectable
change in the resonance frequency of the crystal. The
most common type of piezoelectric biosensor is quartz
crystal microbalance (QCM). QCM biosensors have
gained increasing attention in recent years because of
their high sensitivity, good specificity, low-cost, label[66]
free detection, and rapid response .
[67]
Zhou et al
developed a highly sensitive piezoe
lectric HBV DNA biosensor based on the sensitive
mass-transducing function of the QCM and the speci
ficity of nucleic acid hybridization reaction. HBV nucleic
acid probes were immobilized onto the gold electrodes
of a 9 MHz AT-cut piezoelectric quartz crystal via the
polyethyleneimine adhesion, glutaraldehyde crosslinking method or the physical adsorption method. The
frequency shifts of hybridization have a good linear
relationship with the amount of HBV DNA, when the
amount was 0.02-0.14 mg/mL.
Peptide nucleic acid (PNA)-based piezoelectric
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Figure 4 Scheme of the surface plasmon resonance biosensor. The incidence light causes the changes in wavelength or angle. Changes were detected in real
time monitor. SPR: Surface plasmon resonance.

Microcantilever biosensors: In the last two
decades, microcantilevers have emerged as a sensitive
tool for the detection of chemicals and bio-organisms.
Because of their light weight, small size, and high
surface-to-volume ratio, microcantilever sensors
improve the detection and identification of biological
[69-71]
agents by several orders of magnitude
. An HBV
DNA detection method using a silica-nanoparticleenhanced dynamic microcantilever biosensor was
[72]
developed by Cha et al , with a 243-mer nucleotide
of HBV DNA pre-core/core region used as the target
DNA. In this study, the capture probe immobilized on
the microcantilever surface and the detection probe
conjugated with silica nanoparticles were designed
specifically for the target DNA. HBV DNA was detected
using a silica-nanoparticle-enhanced microcantilever
biosensor with a concentration of 23.1 fmol/L to 2.3
nmol/L, which was obtained from the PCR procedure.
The HBV target DNA of 243-mer was detected up to
the picomolar level without nanoparticle enhancement
and up to the femtomolar level using a nanoparticlebased signal amplification process.

Table 2 Quantitative detection methods for hepatitis B virus
discussed in this review
Method
Architect
Elecsys
UV
spectrophotometry
In-house assays
based on real-time
PCR
Digital PCR
IAM
LAMP
TMA
NASBA
RCA
Biosensors
Electrochemical
biosensors
QCM biosensors
Microcantilever
biosensors
SPR biosensors

Target

Detection range

Ref.

HBsAg
HBsAg
HBV DNA

0.05-250.0 IU/mL
NA
0.4-15000 ng/µL

[12]
[15]
[23]

HBV DNA
HBV DNA

101-108 copies/reaction
50-108 IU/mL

[27]
[19]

HBV DNA

Single copy

[39]

HBV DNA
HBV DNA
HBV DNA
HBV DNA
HBV DNA

48-108 IU/mL
5 × 103-5 × 108 GE/mL
103-109 copies/mL
102-109 IU/mL
103-108 IU/mL

[43]
[47]
[52]
[53]
[57]

HBV DNA

3.96 × 10-7-1.32 × 10-6 mol/L

[65]

HBV DNA
HBV DNA
HBV DNA
HBV DNA

1.01 × 10-8-1.62 × 10-6 mol/L
0.02-0.14 mg/mL
8.6 pg/L1
23.1 fmol/L-2.31 nmol/L

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

HBV DNA

2 fg/mL1

[45]

1

Only the limits of detection were given in these two papers. HBsAg:
Hepatitis B surface antigen; HBV: Hepatitis B virus; NA: Not available;
LAMP: Loop-mediated isothermal amplification; TMA: Transcriptionmediated amplification; NASBA: Nucleic acid sequence-based amplification;
RCA: Rolling circle amplification; QCM: Quartz crystal microbalance; SPR:
Surface plasmon resonance; IAM: Isothermal amplification methods.

biosensor for real time monitoring of hybridization of
[68]
HBV genomic DNA was constructed by Yao et al .
PNA probes can combine target sequences more
effectively and specifically than DNA probes. The
PNA probes were designed and immobilized on the
surface of the biosensor to be a substitute for the
conventional DNA probes for direct detection of HBV
genomic DNA without previous amplification by PCR.
The hybridization assay was completed in 50 min. The
detection limit was 8.6 pg/L, and the clinical specificity
was 94.44% in comparison with real-time PCR.
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Surface plasmon resonance biosensors: Surface
plasmon resonance (SPR) biosensors are optical
sensors that exploit special electromagnetic waves,
surface plasmon polaritons, to probe interactions
between analytes and biomolecular recognition
[73]
elements immobilized on the SPR sensor surface
(Figure 4). SPR biosensors are a label-free, real-time
analytical technology for the detection of biological
analytes and the analysis of biomolecular interactions.
[45]
Chuang et al
constructed a simple, low-cost,
SPR-sensing cartridge based on the LAMP method
for the on-site detection of HBV. The HBV template
mixed in 10 μL LAMP solution could be detected by
the new system in 17 min, even at the detectionlimited concentration of 2 fg/mL. They also analyzed
the correlation coefficients between the initial
concentrations of HBV DNA templates and the system
response at varying amplification times to establish an
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2

optimum amplification time endpoint of 25 min (R =
0.98).
All rapid and quantitative methods for HBV de
tection mentioned above are summarized in Table 2.

5
6

FUTURE PERSPECTIVES
The level of HBsAg has been suggested as a marker
for the amount of cccDNA or infected liver mass.
Although commercial assays are now available for
HBsAg quantification, their dynamic range is narrow,
and manual dilution is required if HBsAg concentration
exceeds the dynamic range. More sensitive assays
with broader detection ranges are needed for rapid
and quantitative detection of HBV in clinical practice.
Our review describes the most assays that have
been used for quantification of HBV DNA, along with
their merits and limitations. PCR is the most widely
used method in HBV DNA quantification, but it is
also known to have erroneous results caused by its
hybridization mechanism and false-negative results
because of low HBV copy numbers. Additionally, PCR
requires efficient control of thermal cycles and thus is
instrument intensive. The development of isothermal
amplification methods makes the amplification of HBV
DNA without a thermal cycler possible, which also
offers an opportunity for biosensor miniaturization. In
spite of isothermal amplification and high sensitivity,
isothermal amplification techniques have remained
less utilized for developing commercial detection
assays for HBV quantification. Biosensors have major
advantages, such as speed, sensitivity, and low cost.
Detection and quantification of viral components and
viruses using biosensors is a new concept and is still
[63]
in its infancy . Tests developed previously are now
being integrated into other novel platforms, such as
[45]
the combination of LAMP and biosensors .
Development of rapid quantification detection for
HBV is progressing towards procedural simplicity,
tolerance to crude samples, high sensitivity, specific
amplification, and robust reliable performance. With
the development of technologies, quantification of
HBV may be moved away from centralized laboratory
facilities to other locations, such as emergency rooms,
physician’s office, and even the family. Point-of-care
and point-of-patient testing may be the mainstream in
[19,20]
the future
.
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Abstract
Hepatitis B virus (HBV) associated acute-on-chronic liver
failure (ACLF) is an increasingly recognized fatal liver
disease encompassing a severe acute exacerbation of
liver function in patients with chronic hepatitis B (CHB).
Despite the introduction of an artificial liver support
system and antiviral therapy, the short-term prognosis
of HBV-ACLF is still extremely poor unless emergency
liver transplantation is performed. In such a situation,
stopping or slowing the progression of CHB to ACLF at
an early stage is the most effective way of reducing the
morbidity and mortality of HBV-ACLF. It is well-known
that the occurrence and progression of HBV-ACLF is
associated with many factors, and the outcomes of
HBV-ACLF patients can be significantly improved if
timely and appropriate interventions are provided. In
this review, we highlight recent developments in early
warning and clinical outcome prediction in patients with
HBV-ACLF and provide an outlook for future research in
this field.
Key words: Chronic hepatitis B; Acute exacerbation;
Acute-on-chronic liver failure; Early warning; Clinical
outcome prediction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute-on-chronic liver failure (ACLF) is
a devastating disease with very high short-term
mortality in chronic hepatitis B (CHB) patients, and
acute exacerbation of CHB is an inevitable stage in
the development of hepatitis B virus (HBV)-ACLF. The
use of various prognostic models, careful observation
of dynamic changes in certain clinical manifestations,
biochemical variables, immune cells, cytokines,
chemokines, HBV genotype, and mutants can also
provide important references to help physicians
determine the timely diagnosis and effective treatment
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for patients with HBV-ACLF.
Chen eq, Zeng F, Zhou LY, Tang H. Early warning and
clinical outcome prediction of acute-on-chronic hepatitis B
liver failure. World J Gastroenterol 2015; 21(42): 11964-11973
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i42/11964.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i42.11964

INTRODUCTION
Despite the availability of potent vaccines, hepatitis B
virus (HBV) infection remains a major public health
problem worldwide with approximately 350 million
[1-3]
individuals chronically infected . Twenty percent of
these chronically infected patients progress to life[4]
threatening complications . Acute-on-chronic liver
failure (ACLF) is a critical complication of chronic
hepatitis B (CHB) and can develop at any stage in the
[5]
progression of CHB . In China, it is estimated that
approximately 70% of liver failure is caused by HBV
infections, and, therefore, the prevalence of HBV-ACLF
will likely increase in the coming decades.
HBV-ACLF has a poor prognosis, with an inhospital mortality rate > 70% if emergency liver
transplantation (LT) is not available. In the real-life
setting, a very small number of HBV-ACLF patients
undergo LT because of the shortage of liver donors.
Although antiviral therapy can improve long-term
survival and reduce the recurrence risk of ACLF, it does
not improve short-term survival even when HBV DNA
[6]
replication is controlled . In this situation, it is believed
that stopping or slowing the progression of CHB to
ACLF at an early stage may be the most effective way
of reducing the morbidity and mortality of patients
with HBV-ACLF.
There is evidence suggesting that severe acute
exacerbation of CHB is an inevitable stage in the
development of ACLF, which is associated with many
[7-9]
factors . It can occur either over the natural course
of the disease or following intensive chemotherapy or
immunosuppressive therapy, and it easily progresses
to ACLF if the abrupt flare is severe. In recent years,
early warning and identification of severe acute
exacerbation of CHB has attracted much attention, as
effective control of the factors that trigger and worsen
the disease is crucially important to slow down or
reverse the progression of acute exacerbation of CHB
to ACLF.
It is worth mentioning that due to the high cost
of treatment and overly pessimistic view of the
prognosis, many patients with HBV-ACLF choose to
forego or discontinue treatment, especially in China. If
an accurate assessment of the outcome of individual
patients was possible, clinicians would encourage more
active treatments for eligible patients with potentially
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better prognosis, and a considerable proportion of CHB
patients may recover from HBV-ACLF.
In this review, we highlight recent developments
in indicators and models for early warning and clinical
outcome prediction of HBV-ACLF, which may help
optimize current prevention and comprehensive
treatments for ACLF in CHB patients.

clinical manifestationS for Early
Warning of HBV-aclf
Prior to the onset of typical abnormal laboratory
findings, many patients present with certain clinical
manifestations that may indicate the occurrence
of ACLF in those with severe acute exacerbation of
[10]
CHB . In addition to the progressive symptoms of
fatigue and weakness, it is also important to be aware
of new and persistent nausea, vomiting, and hiccup in
clinical practice, as these symptoms are related to the
presence of endotoxemia. Although serum levels of
total bilirubin (TBil) do not reach the diagnostic criteria
for ACLF (10 times the upper limit of normal), rapid
worsening jaundice also indicates a high probability of
ACLF in CHB patients.
During CHB deterioration, manifestations such as
aggravated bloating and hypoactive or missing bowel
sounds are extremely common prior to or during
the development of ACLF and are always associated
with ascites, spontaneous bacterial peritonitis, or
endotoxemia-induced toxic intestinal paralysis. For
CHB patients with severe liver dysfunction, clinical
manifestations such as skin petechiae and gingival
bleeding are important signs of coagulation disorders.
In addition, foul smelling gas and stools may indicate
hepatic encephalopathy. Early diagnosis and treatment
of coagulation disorders and hepatic encephalopathy
may help to prevent or delay the development of ACLF.
However, it should be noted that the abovementioned clinical manifestations are not specific to
HBV-ACLF. To achieve more accurate identification of
early warning, integrated monitoring and analysis of
these clinical manifestations are warranted.

Host parameters for Early
Warning and prognosis prediction
in HBV-ACLF
Biochemical indicators

It is well-known that liver dysfunction can lead to
abnormal synthesis of important biologic signal
molecules, metabolic disturbances, and alterations in
serum biochemical indicators. Significantly elevated
levels of alanine aminotransferase (ALT), TBil, and
prothrombin activity (PTA) often suggest serious
liver damage and are often used to diagnose HBV[11]
ACLF . However, there is no significant change in
these indicators at the early stages of progression
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from acute exacerbation of CHB to ACLF. Therefore,
when only relying on the levels of these conventional
biochemical indicators, it is difficult to achieve an early
and accurate diagnosis of HBV-ACLF.
Evidence has shown that lipopolysaccharide (LPS)induced endotoxemia can cause secondary hepatic
injury, which is associated with the secretion of
tumor necrosis factor α (TNFα) and the production
[12,13]
of inflammatory cytokines
. In patients with
ACLF, the highest serum levels of LPS are observed
in the peak phase of TBil, and dynamic changes in
[14]
LPS are correlated with disease severity . Thus, for
those patients with a high risk of endotoxemia, it is
necessary to monitor serum LPS levels at admission
and during treatment, as they will achieve maximum
clinical benefit from timely and effective control
of endotoxemia. Hyperammonemia is common in
HBV-ACLF patients with hepatic encephalopathy
and can cause problems with bilirubin metabolism
[15]
by interfering with energy synthesis . Kumar et
[16]
al
recently reported that patients with persistent,
mild hyperammonemia (≥ 85 μmol/L for 3 d) were
more likely to develop complications and had higher
mortality than those with serial ammonia levels < 85
μmol/L. Therefore, the evaluation of arterial ammonia
at an early stage would be useful for risk stratification
of disease progression.
Prealbumin is a protein produced by the liver, and
it has a much shorter half-life (about 1.9 d) than that
of albumin. A decline in prealbumin is more sensitive
than albumin and more specific than ALT in reflecting
[17]
early liver dysfunction. Huang et al
reported that
there was also a positive correlation between the
decline in prealbumin concentration and the severity of
liver damage. Thus, monitoring the dynamic changes
in serum prealbumin may provide early clues for
the acute exacerbation of CHB to ACLB. Studies also
reported that serum alpha fetoprotein (AFP) levels
are increased in CHB patients with impaired liver
[18,19]
functions
, and compared to non-survivors with
HBV-ACLF, survivors exhibited a higher increase in
serum AFP level. However, a recent study showed
that an early peak in AFP level prior to an elevation of
[18]
prothrombin time may indicate a high risk of death .
Therefore, to predict the prognosis of HBV-ACLF, a
comprehensive dynamic analysis of elevated AFP may
be necessary.
It has been reported that serum metabolite and
peptide profiling can vary during the progression of
CHB to liver failure and that these dynamic changes
may be used to distinguish different stages of the
[20,21]
disease
. Recently, apolipoprotein (Apo) and lipid
abnormalities were found to be associated with chronic
[22]
liver failure . In addition, serum levels of high-density
lipoprotein and apolipoprotein A-I (ApoA-I) were
inversely correlated with liver reserve and disease
[23]
severity in cirrhotic patients with severe sepsis . The
low level of ApoA-I was also associated with a marked
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impairment in effective arterial volume, multiple organ
[23]
dysfunction, and a poor prognosis . Although the
roles of ApoB, ApoE, and ApoA5 in ACLF have also
been studied, the corresponding data are limited and
future studies are needed.
In addition to the strong association between
dysregulated iron homeostasis and both multi-organ
[24]
failure and early mortality in ACLF , serum ferritin (SF)
at admission was shown to be significantly higher in
HBV-ACLF patients than in CHB and healthy controls,
and elevated concentrations of SF were associated
with increased severity of liver disease and 3 month
[25]
mortality due to HBV-ACLF . However, the predictive
power of SF for mortality in HBV-ACLF patients was
low [area under the curve (AUC) value: 0.640 ±
0.061]; and combining SF with the model of endstage liver disease (MELD) score increased the power
for predicting mortality (AUC value: 0.911 ± 0.035).
Recently, sphingolipids were reported to be involved
in the progression of liver disorders and to reflect the
[26]
severity of hepatic injury in CHB . The difference
in sphingolipid profiles between CHB and HBV-ACLF
patients was more significant than that between
healthy controls and CHB, which indicated that serum
sphingolipid levels were more likely to be associated
with the progression of HBV-ACLF than CHB. For
example, the serum levels of dhCeramides (dhCer)
(d18:0/24:0) were significantly lower in patients who
died compared with survivors. The decline in dhCer
(d18:0/24:0) also showed a similar prognosis in
terms of 3 mo mortality to that of the MELD score,
thus, dhCer (d18:0/24:0) may be a useful prognostic
[27]
biomarker for the early prediction of HBV-ACLF .
Additionally, the serum levels of thyroid stimulating
hormone (TSH) have been reported to be a significant
factor for predicting mortality in ACLF patients, and the
cumulative survival rate decreased significantly when
[28]
the serum TSH level was less than 0.38 IU/mL .
Therefore, serum TSH level may be a useful indicator
for assessing severity and prognosis in ACLF patients.
It is known that kidney injury plays an important
role in the prognosis of HBV-ACLF. Rapid deterioration
of estimated glomerular filtration rate was recently
reported to be associated with on-treatment mortality
[29]
of CHB patients experiencing acute exacerbation .
In addition, Cystatin C (CysC) has been reported as a
biomarker for predicting acute kidney injury in patients
[30]
with ACLF . By combining serum CysC and TBil, Wan
[31]
et al
constructed a Prognostic Index (PI) to predict
the 3 month mortality of HBV-ACLF patients [PI = 0.933
× CysC (mg/L) + 0.075 × TBil (mg/dL)]. Their findings
showed that a PI < 3.91 may indicate an extremely
good prognosis in patients with normal levels of serum
creatinine (survival rate: 94.3% for PI < 3.9% vs
17.4% for PI = 3.91).

Immune cells and related cytokines

An abnormal immune reaction and an imbalance in the
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production of proinflammatory and anti-inflammatory
cytokines contribute to the outcome of acute exacer
[32]
bation of CHB and prognosis of HBV-ACLF . An
abnormal immune reaction is mediated by the complex
interactions between liver cells and host immune cells.
Th17 cells are a subset of T helper cells that produce
interleukin 17 (IL-17), thus promoting the activation
of dendritic cells (DCs) and monocytes and enhancing
the capacity to produce proinflammatory cytokines,
[33]
including IL-1β, IL-6, TNFα, and IL-23 . It has now
been confirmed that the overexpression of these
proinflammatory cytokines plays an important role in
[12,34]
liver damage progression
and that the activation
of STAT3 upon IL-6 stimulation may contribute to the
enhanced Th17 response (IL-17 production) in the
[35]
deterioration of liver damage .
Some studies have reported that the frequency of
peripheral Th17 cells and serum concentrations of IL-17
are gradually increased with immune inflammation
aggravation in asymptomatic HBV carriers (AsC), CHB
to ACLF, and overactive Th17 cells may be associated
with immune tolerance breakthrough and severe
[33,36]
exacerbation of CHB
. In addition, the frequency
of peripheral Th17 cells in advanced-stage ACLF was
significantly higher than that in early-stage ACLF,
and surviving ACLF patients had an initially lower
frequency of Th17 cells and IL-17 levels than non[36,37]
survivors
. In ACLF patients, a positive correlation
between peripheral Th17 cell frequency and both
[36]
prothrombin activity and MELD score was observed .
Thus, monitoring of Th17 cell frequency and IL-17
levels helps to assess the exacerbation of liver damage
[33]
during chronic HBV infection , and high Th17 cell
frequency and serum IL-17 concentration in ACLF
patients may indicate a poor prognosis.
It is well-known that regulatory T (Treg) cells
can suppress the expansion and interferon gamma
(IFNγ) secretion of autologous peripheral blood
mononuclear cells (PBMCs) when stimulated with HBV
antigen. Recently, Th17/Treg cell imbalance in disease
progression was also demonstrated. For example,
in the remission stage of ACLF, Th17 cells increase
and Treg cells decrease, creating an imbalance that
[38]
is negatively correlated with disease progression .
Thus, the ratio of Th17/Treg cells may be a good
[37]
prognostic marker in predicting ACLF progression ,
and restoring the Th17/Treg cell ratio could maintain
the immune system at a steady state in ACLF patients.
DCs are specific antigen-presenting cells (APCs)
and are abundant in the liver. The number and
function of DCs are closely associated with the
prognosis of HBV-ACLF patients treated with different
therapies. A high number of myeloid DCs at baseline
and the recovery of myeloid DCs numbers at the end
of treatment may represent a prognostic marker for a
favorable response to corticosteroids and granulocyte
colony-stimulating factor (G-CSF) in patients with HBV[39,40]
ACLF
.
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It is well-known that the number of monocytes
and macrophages is greatly increased in the
[41]
circulation and liver of patients with ACLF . Activated
monocytes/macrophages release a large number of
proinflammatory and anti-inflammatory cytokines,
and the level of proinflammatory cytokine production
is closely related to disease severity in patients
[12]
with liver failure . The procoagulant molecule,
human fibrinogen-like protein 2/fibroleukin (hfgl2),
is an inflammatory mediator produced by activated
macrophages and can directly cleave prothrombin into
activated thrombin, resulting in intravascular fibrin
[42]
deposition in the liver . Importantly, there is a positive
correlation between hfgl2 expression and the severity
[43]
of liver damage in CHB patients . Compared to 7.7%
of CHB patients with mild liver damage expressing
hfgl2, 91.3% of HBV-ACLF patients had hfgl2
[43]
expression , and high levels of virus-induced hfgl2
were observed in liver sections from patients with HBV[44]
ACLF . Thus, hfgl2 may play a pivotal role in initiating
acute severe hepatitis in those with chronic hepatitis,
and hfgl2 expression in peripheral blood may also be
used as a biomarker to monitor the acute exacerbation
of CHB and to assess the severity of ACLF.
In addition to the secretion of inflammatory
cytokines, monocytes/macrophages can induce adaptive
immune responses through their antigen-presenting
functions. The expression of human leukocyte antigen
(HLA) class Ⅱ molecules, especially HLA-DR (a
heterodimeric cell surface glycoprotein) is particularly
important for monocyte activation. Antoniades et
[45]
al
recently reported a strong relationship between
monocyte HLA-DR expression and the indices of disease
severity, mediators of inflammation, and outcome. A
level of HLA-DR ≤ 15% had 96% sensitivity, 100%
specificity, and 98% accuracy in predicting poor
[45]
prognosis in patients with liver failure . Xing et
[46]
al
also reported similar findings, suggesting that
monocyte HLA-DR expression in patients who died was
significantly lower than that in patients who survived
in the early and late stages of ACLF. Therefore, the
functional status of PBMC and HLA-DR expression may
be used to monitor disease severity and predict clinical
outcome in patients with ACLF.

Chemokines

The CC chemokines, monocyte chemoattractant
protein-1 (MCP-1) and macrophage inflammatory
protein-3α (MIP-3α), may be involved in the
pathogenesis of ACLF. Compared to healthy controls
and patients with chronic hepatic failure, serum
concentrations of MCP-1 and MIP-3α were significantly
[47]
enhanced in ACLF patients . Interestingly, Leifeld et
[48]
al
investigated the time course of CC-chemokine
release in concanavalin A and LPS-induced liver failure
mouse models and found that intrahepatic MCP-1
and MIP-3α upregulation occurred prior to hepatic
infiltration and liver damage. In addition, elevations
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in MCP-1 and MIP-3α serum concentrations reflected
[49]
the degree of liver inflammation . Therefore, serum
concentrations of MCP-1 and MIP-3α may be used as
early warning indicators of ACLF.
In endotoxemic liver injury in mice, CXC chemo
kines are instrumental in regulating endotoxin-induced
transmigration and extravascular tissue accumulation
of leukocytes, and interference with MIP-2 and
neutrophil chemoattractant functions protect against
[50]
septic liver damage . In massive hepatectomy
induced acute liver damage, the CXC chemokine
[51]
CXCL1 was significantly increased . Additionally,
the serum level of CXCL10 was significantly related
to the degree of liver inflammation or damage in
CHB patients, and it may play an important role in
trafficking inflammatory cells to the local focus in the
[15]
liver and induce disease progression . It is worth
mentioning that the polymorphism G-201A is present
in the promoter of CXCL10 gene and can alter the
binding affinity of nuclear protein and regulate CXCL10
expression. Therefore, G-201A may be involved in
the genetic variation underlying the susceptibility of
[52]
individuals to acute exacerbation of CHB .

Host hemodynamic derangements
[53]

Recently, Garg et al
reported that the presence
of a high hepatic venous pressure gradient (HVPG)
is an independent baseline predictor of mortality in
HBV-ACLF patients, as the raised portal pressure
predisposes patients to a high risk of variceal bleeding.
During the dynamic follow-up of surviving patients,
these authors observed a reduction in HVPG; and
this reduction correlated with clinical and biochemical
recovery and a reduction in Child-Turcotte-Pugh (CTP)
score. It is worth mentioning that hyponatremia is
also common in patients with ACLF. For example,
compared to 12.3% of patients without ACLF in the
CANONIC study, 24.3% of patients with ACLF had
[54]
hyponatremia at inclusion . In addition, the presence
of hyponatremia influences the outcome of patients
with ACLF. The 3 mo transplant-free survival in ACLF
patients with hyponatremia is only 35.8% but is as
[54]
high as 58.7% in patients without hyponatremia .
Thus, hepatic and systemic hemodynamic derangements
may predict early mortality and recovery in patients
with ACLF.

VIRAL FACTORS IN THE EARLY
WARNING OF HBV-ACLF
It is well-known that ACLF patients have distinct quasispecies characteristics with higher complexity and
diversity within the basal core promoter (BCP)/precore
[55]
(PC) region of HBV . Both single mutations, including
T1753C, A1762T, G1764A, A1846T, C1913A/G,
G1896A, and G1899A, and double mutations, including
A1762T/G1764A and G1896A/G1899A, are more
frequently detected in HBV-ACLF patients than in CHB
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[56,57]

patients
. At present, there is evidence suggesting
that CHB patients infected with BCP/PC mutations are
more susceptible to ACLF, and HBV-ACLF patients with
BCP/PC mutations also have a higher risk of mortality
[58-60]
than those infected with BCP/PC wild-type virus
.
It should be noted that either the absolute
frequency of genotype B or the ratio of genotype B to
C is significantly higher in HBV-ACLF patients than in
[58,61]
CHB patients
. In genotype B patients, the A1762T/
G1764A, A1846T, and G1896A mutations are also
significantly more prevalent in patients with ACLF than
in patients with CHB, and genotype B patients with
G1896A and A1762T/G1764A have a higher tendency
[62]
to develop HBV-ACLF than patients with genotype C .
To a certain extent, HBV genotyping and detection
of BCP/PC mutations may have implications for the
prediction of HBV-ACLF in clinical practice.
Studies have also shown that severe HBV reacti
vation can lead to disease flare and even liver failure,
which often occurs following interrupted/discontinued
antiviral therapy, intensive chemotherapy, or
immunosuppressive therapy. For those who are at high
risk of HBV reactivation, dynamic monitoring of serum
HBV DNA would help in the early warning of possible
HBV-ACLF occurrence, and long-term control of viral
replication is necessary and important to prevent the
occurrence of ACLF. Additionally, evidence suggests
that effective control of HBV DNA replication would
help to reduce the long-term mortality and recurrence
[63]
rates of HBV-ACLF .

SCORING SYSTEMS FOR PROGNOSIS
PREDICTION IN HBV-ACLF
In the past decades, a number of scoring systems
have been used for outcome prediction in endstage liver diseases, including CTP, MELD, and their
derivative scores, King’s College Hospital (KCH)
criteria, sequential organ failure assessment (SOFA),
acute physiology, and chronic health evaluation
(APACHE), Clichy criteria, and artificial neural
network (ANN). However, not all of these scores are
well validated in HBV-ACLF patients. Consequently,
many new mathematical models have recently been
developed using multiple regression and have shown
certain advantages.
The CTP score was originally devised for the
assessment of liver disease severity to predict the
outcome of patients with cirrhosis, in whom surgical
treatment for portal hypertension was planned. The
CTP score mainly applies to cirrhotic patients, with
subjective judgments on hepatic encephalopathy and
ascites and limited discriminant ability. Additionally,
the CTP score does not distinguish the clinical
significance between mild-to-moderate and severe
abnormal laboratory parameters, and patients with
[64]
different disease severity have the same CTP score .
Thus, the CTP score has poor accuracy in predicting
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Chronic hepatitis B

Acute exacerbation

Clinical manifestations
Rapid worsening jaundice
Skin petechiae and gingival bleeding
Foul smelling gas and stools
……
Chemokines
MCP-1 and MIP-3α
CXCL1, CXCL10
……
Viral factors
BCP/PC mutations
Severe HBV reactivation
……

Biochemical changes
Dynamic changes in serum LPS levels
Persistent, mild hyperammonemia
Dynamic changes in serum prealbumin
Serum metabolite and peptide profiling
Dysregulated iron homeostasis
……

Imbalance of immune cells and related cytokines
Peripheral Th17 cells and serum IL-17
Th17/Treg cell imbalance
Human fibrinogen-like protein 2/fibroleukin
……

Acute-on-chronic liver failure
Scoring systems
MELD, MELD-Na and iMELD scores
SOFA score
APACHE Ⅱ/Ⅲ scores
Logistic regression model (LRM)

Imbalance of immune cells and related cytokines
Ratio of Th17/Treg cells
Functional status of PBMC and HLA-DR expression
Human fibrinogen-like protein 2/fibroleukin
……

Prothrombin activity
Other
High hepatic venous pressure gradient
Hemodynamic derangements
Multiple organ failure
…….

Biochemical changes
Serum levels of AFP and TSH
dhCer (d18:0/24:0)
……
Death or survival

Figure 1 Overview of indicators and models for early warning of the progression of acute exacerbation of chronic hepatitis B to acute-on-chronic
liver failure and prediction of the outcome of patients with hepatitis B virus-acute-on-chronic liver failure. LPS: Lipopolysaccharide; MCP-1: Monocyte
chemoattractant protein-1; MIP-3α: Macrophage inflammatory protein-3α; MELD: Model of end-stage liver disease; BCP: Basal core promoter; PC: Precore; HBV:
Hepatitis B virus; SOFA: Sequential organ failure assessment; APACHE: Acute physiology and chronic health evaluation; AFP: Alpha-fetoprotein; TSH: Thyroid
stimulating hormone.

the prognosis of ACLF patients. Similarly, the KCH
and Clichy criteria are also rarely used to predict the
prognosis of patients with ACLF. Instead, they are
more appropriate for assessing the severity of patients
with acute liver failure and the urgency for LT.
In order to overcome these limitations of the CTP,
the MELD score was developed, and its advantages
are that it can accurately reflect hyperbilirubinemia,
coagulation disorders, and renal impairment. Many
reports have confirmed that the MELD score is a
good mortality predictor in ACLF patients awaiting
LT. However, there is some controversy regarding its
[65]
efficacy in predicting post-transplantation outcomes .
For example, ACLF patients with a high MELD score
(≥ 30) have a good post-transplantation outcome
compared with those patients with a score < 30 after
[66-68]
LT
. Therefore, the MELD score may not be a good
prognostic scoring system for HBV-ACLF patients
undergoing LT.
The MELD-based MELD-Na and iMELD scores were
[69]
also investigated in clinical practice , but there was
no significant improvement in prediction accuracy of
the prognosis of HBV-ACLF. This is because important
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factors (i.e., hepatic encephalopathy, hepatorenal
syndrome, and upper gastrointestinal bleeding) that
can affect the prognosis of patients were not taken
[70-72]
into consideration in these scores
. In addition,
diuretic therapy or artificial liver treatment can easily
lead to a fluctuation in serum Na, bilirubin, and
creatinine, and the latter could significantly affect
the reliability of MELD-associated scores. Noticeably,
MELD-based scores are still mainly used in cirrhotic
patients. For non-cirrhotic HBV-ACLF patients, their
prediction efficacy is relatively poor. In a previous
study, we evaluated the efficacy of the MELD and
MELD-Na scores in predicting short-term prognosis of
HBV-ACLF patients, and the results showed that both
the MELD (AUC: 0.758 vs 0.840) and MELD-Na (AUC:
0.776 vs 0.849) scores appeared to have a weaker
predictive effect in non-cirrhotic HBV-ACLF patients
[73]
than in cirrhotic HBV-ACLF patients . Therefore, for
non-cirrhotic HBV-ACLF patients, care should be taken
when MELD-based scores are used to predict possible
outcomes.
For a long time, the SOFA score and APACHE Ⅱ
/Ⅲ scores were reported to be good indicators of
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prognosis in critically ill patients. Except for initial
scores of more than 11 (mortality rate > 90%), a
decreasing SOFA score during the first 48 h predicts
a mortality rate of at least 50% in intensive care unit
[74]
patients . In patients with alcohol-related ACLF, the
APACHE Ⅱ score seems superior to SOFA, CTP, and
[75]
MELD in predicting short-term mortality . However,
the use of SOFA and APACHE Ⅱ/Ⅲ scores in patients
with HBV-ACLF is rare. Thus, it is unclear whether
these scores could effectively predict the outcome of
patients with HBV-ACLF.
In recent years, many new mathematical models
have been established to assess the short-term
[76]
prognosis of HBV-ACLF patients . For example, the
[70]
logistic regression model established by Zheng et al
has greater accuracy than MELD and CTP in predicting
the prognosis of HBV-ACLF patients, regardless of the
presence or absence of cirrhosis. The predictive validity
of the APLH-Q score established by cox proportional
hazard regression analysis seems significantly better
[77]
than that of the previously reported LSM and MELD .
In addition, Ning et al have also established a Tongji
prognostic predictor model (TPPM) by integrating
biochemical parameters, coagulation parameters,
indicators of hepatitis virology, and complications. The
TPPM has better sensitivity and specificity in predicting
3 mo mortality in HBV-ACLF patients than the MELD
score. However, these mathematical models were used
in single-center retrospective studies with a relatively
small sample size and need to be validated in other
well-designed prospective studies.
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CONCLUSION
ACLF is a devastating disease with a very high shortterm mortality in CHB patients, and acute exacerbation
of CHB is an inevitable stage in the development
of HBV-ACLF. Here, we reviewed the indicators and
models for early warning of the progression of acute
exacerbation of CHB to ACLF and the prediction of
the outcome of patients with HBV-ACLF (Figure 1).
Careful observation of dynamic changes in certain
clinical manifestations and laboratory variables
(such as host biochemical variables, immune cells,
cytokines, chemokines, virus genotypes, and mutants)
can provide important references to help physicians
determine the timely diagnosis and effective treatment
of HBV-ACLF. However, due to the complexity of HBVACLF development, a considerable number of those
indicators and models have either methodological or
reporting limitations. For example, their accuracy in
early warning or outcome prediction of HBV-ACLF may
vary significantly between cirrhotic and non-cirrhotic
patients. Thus, ideal early warning and prognostic
prediction systems, which pay more attention to
various underlying diseases and complications, are
needed. In addition, their accuracy and validity should
be verified in well-designed prospective studies with a
large sample size.
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Abstract
Since its identification in 1989, hepatitis C virus (HCV)
has emerged as a worldwide health problem with roughly
185 million chronic infections, representing individuals
at high risk of developing cirrhosis and liver cancer. In
addition to being a frequent cause of morbidity and
mortality due to liver disease, HCV has emerged as an
important trigger of lymphoproliferative disorders, owing
to its lymphotropism, and of a wide spectrum of extrahepatic manifestations (HCV-EHMs) affecting different
organ systems. The most frequently observed HCV-EHMs
include mixed cryoglobulinemia and cryoglobulinemic
vasculitis, B-cell non-Hodgkin’s lymphoma, nephropathies,
thyreopathies, type 2 diabetes mellitus, cardiovascular
diseases, and several neurological conditions. In
addition, neuropsychiatric disorders and neurocognitive
dysfunction are reported in nearly 50% of patients with
chronic HCV infection, which are independent of the
severity of liver disease or HCV replication rates. Fatigue,
sleep disturbance, depression and reduced quality
of life are commonly associated with neurocognitive
alterations in patients with non-cirrhotic chronic HCV
infection, regardless of the stage of liver fibrosis and
the infecting genotype. These manifestations, which are
the topic of this review, typically occur in the absence
of structural brain damage or signal abnormalities on
conventional brain magnetic resonance imaging (MRI),
although metabolic and microstructural changes can
be detected by in vivo proton magnetic resonance
spectroscopy, perfusion-weighted and diffusion tensor
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MRI, and neurophysiological tests of cognitive processing.
Several lines of evidence, including comparative and
longitudinal neuropsychological assessments in patients
achieving spontaneous or treatment-induced viral
clearance, support a major pathogenic role for HCV in
neuropsychiatric and neurocognitive disorders.
Key words: Extra-hepatic manifestations; Hepatitis
C virus syndrome; Hepatitis C virus; Neurocognitive
impairment; Neuropsychiatric disorders; Proton
magnetic resonance spectroscopy; Sleep disorder
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Neurocognitive dysfunction, sleep disturbance,
depression, fatigue and reduced quality of life are
common manifestations of chronic hepatitis C virus
(HCV) infection. Neuropsychological performance is
impaired in HCV patients, in the absence of structural
brain alterations on conventional magnetic resonance
imaging (MRI). Brain metabolic and microstructural
changes are easily detected by in vivo proton magnetic
resonance spectroscopy and perfusion-weighted/
diffusion tensor MRI, enabling detection of brain
dysfunction in clinically asymptomatic subjects. The
regional distribution of metabolic changes indicates an
exclusive involvement of telencephalic areas, but not
the diencephalon or brainstem. HCV is likely to play a
major pathogenic role in these disorders.
Monaco S, Mariotto S, Ferrari S, Calabrese M, Zanusso G,
Gajofatto A, Sansonno D, Dammacco F. Hepatitis C virusassociated neurocognitive and neuropsychiatric disorders:
Advances in 2015. World J Gastroenterol 2015; 21(42):
11974-11983 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/11974.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.11974

INTRODUCTION
Previously designated as non-A non-B hepatitis, the
hepatitis C virus (HCV) was unequivocally recognized
and established as a distinct virus after its isolation in
[1]
1989 . In the following 26 years, HCV has been the
subject of extensive research which has expanded our
knowledge of the biomolecular and clinical features
of HCV infection tremendously, and has paved the
way for the introduction of newly synthesized, highly
effective, direct-acting antiviral agents that are making
eradication of the virus an achievable goal in nearly all
chronically infected patients.
Acute HCV infection is usually asymptomatic and
able to resolve spontaneously in as high as 90% of
cases, and thus remains undiagnosed in the majority
of patients. Even so, progression to chronic infection
occurs frequently. Thus, HCV represents a worldwide
health problem considering that at least 3% of the
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world population, corresponding to roughly 185 million
people, is chronically infected. However, infection rates
[2]
are highly variable across different geographic areas .
Of the six major HCV genotypes (gt), gt-1 is the most
common worldwide, with subtype 1b being prevalent
in Europe and subtype 1a in the United States. In
intravenous drug users, gt-3a is more frequently
detected in Europe and gt-2 in the Mediterranean area.
Genotypes 5 and 6 are rare, whereas gt-4 occurs in
over 20% of the infected Egyptians.
Chronic HCV infection progresses to liver cirrhosis
in 10% to 40% of the patients (this condition is the
leading indication for liver transplantation) and liver
cancer (i.e., hepatocellular carcinoma, HCC) in 1%
to 5% per year. The annual mortality rate has been
calculated to be roughly 4% of patients with cirrhosis
and 30% of those with HCC.
HCV-related neurological dysfunction is frequently
observed either at cirrhotic or pre-cirrhotic stages.
A major central nervous system (CNS) complication
observed in patients with cirrhosis of differing
aetiology, including those with HCV infection, is
hepatic encephalopathy (HE), a potentially reversible
neuropsychiatric syndrome, with symptoms ranging
from clinically undetectable neuropsychological
disturbances (minimal HE) to severe impairment
of attention and arousal (overt HE). In addition, a
large number of neurological complications occur in
patients with chronic HCV infection independently of
liver disease, including metabolic, inflammatory and
autoimmune conditions affecting the CNS, as well as
[3,4]
the peripheral nervous system and muscles .

CONCEPT OF HCV SYNDROME
HCV has been confirmed as both a hepatotropic and
lymphotropic virus. Consequently, the liver is not the
only target of HCV infection, so that several other
[5]
organs and tissues are also likely to be involved .
The term “HCV syndrome” was coined to include
both hepatic and extra-hepatic manifestations of
[6,7]
HCV infection . One major extra-hepatic disorder
associated with HCV is mixed cryoglobulinemia, which,
in a minority of patients, results in clinically overt
[8]
cryoglobulinemic vasculitis (CV) . In agreement with
the experience of other research groups, our data
indicate that 90% or more of CV patients are in fact
anti-HCV/HCV RNA positive. Figure 1 summarizes
the major extra-hepatic manifestations that have
[9]
been diagnosed, based on our own experience , in
chronically infected HCV patients, with or without
mixed cryoglobulinemia. As the figure illustrates, the
most convincing associations of chronic HCV infection
are with subsets of B-cell non-Hodgkin lymphoma
(B-NHL), membranous or membrano-proliferative
glomerulonephritis, IgM monoclonal gammopathy
of undetermined significance (MGUS), peripheral
neuropathy, and CNS disorders.
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Gastrointestinal involvement
Amyloidosis AL
Without cryoglobulins

B-cell non-Hodgkin's lymphoma

With cryoglobulins

Chronic lymphocytic leukemia
Waldenstrom's macroglobulinemia
Pneumopathy
Multiple myeloma
Ischemic heart disease
Solid tumors
Autoimmune diseases
Arterial hypertension
PNS and CNS involvement
MGUS non-IgM isotype
MGUS IgM isotype
Diabetes mellitus
Thyreopathies
Nephropathies
0%

10%

20%

30%

40%

Figure 1 Summary of major extra-hepatic manifestations observed in patients with chronic hepatitis C virus infection. Percentages of patients are
represented in graphic form. The presence or absence of cryoglobulinemia is indicated by white and black, respectively. The most convincing associations of
chronic hepatitis C virus (HCV) infection are with subsets of B-cell non-Hodgkin lymphoma (B-NHL), membranous or membrano-proliferative glomerulonephritis, IgM
monoclonal gammopathy of undetermined significance (MGUS), peripheral neuropathy, and central nervous system (CNS) disorders.

Pathogenetic implications
The role played by HCV in the pathogenesis of the
largely autoimmune and neoplastic diseases remains
undefined, but a reasonable hypothesis is that HCV
infection is an important component of a polyfactorial
process in which multiple genetic and environmental
cofactors are involved to a variable extent. The longterm observation of cohorts of HCV-positive patients
indicates that many of them develop a complex and
progressively more severe spectrum of HCV-related
disorders, advancing from mild and often limited
features, to systemic and more severe complications
that may include HCC, B-NHL and possibly other
[10]
neoplastic histotypes .
Studies of the biology of HCV have been hampered
by the fact that for many years chimpanzees were the
only non-human in vivo models, and there was an
unmet need for the development of in vitro experimental
models. More recently though, researchers determined
how to grow infectious HCV particles in cell cultures,
which has resulted in a better understanding of the
virus-host interactions enhancing virus propagation.
Furthermore, small animal models permissive to HCV
have been established, which now make it possible
to investigate new antiviral agents and in the future,
[11]
potential vaccine preparations .
Recognized pathogenetic mechanisms in several
HCV-related neurological disorders have in common an
upregulated host immune response accompanied by
production of autoantibodies, immune complexes, and
cryoglobulins. However, alternative mechanisms have
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been proposed for the neurocognitive impairment and
neuropsychological changes observed in HCV patients.
The isolation of HCV RNA in microglial cells and
astrocytes and evidence that brain endothelial cells
are permissive for HCV entry and replication suggest
an independent life and a pathogenic role of the virus
[12]
in the brain . These findings are at variance with
the detection of nonreplicative HCV RNA in epineurial
macrophages, but not in the “endoneurial microglia”,
of nerve biopsies of patients with HCV infection and
[13,14]
peripheral neuropathy
.
Although the clinical spectrum of HCV syndrome
has been expanded, the exact pathophysiological
mechanisms of cognitive impairment, neuropsychiatric
disorders, and sleep disturbance remain poorly
understood. Efforts to elucidate molecular pathways
have provided results suggesting a pathogenic role for
the virus itself, iatrogenic factors, and inflammatory
cytokines in distinct neuropsychiatric conditions.
Therefore, the detection of defective central sero
toninergic and dopaminergic neurotransmission in
some HCV patients with neuropsychiatric symptoms
and mild or no liver disease has suggested a possible
role for HCV in inducing dysfunction in selective
[15]
aminergic systems . On the other hand, in patients
under treatment with interferon (IFN), the occurrence
of depression has been correlated with depletion
of platelet serotonin, an effect also expected within
the CNS, due to the effectiveness of antidepressant
[16,17]
drugs that inhibit serotonin reuptake
. Other
proposed mechanisms for dysfunction of the CNS and
the neuroendocrine system include cytotoxic effects
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induced by cytokines released during systemic or brain
[18,19]
immune activation
.

Cognitive impairment
Altered neuropsychological performance and neuro
cognitive impairment are frequently reported in
patients with chronic HCV infection, often at stages
characterized as having a lack of significant liver
fibrosis and cirrhosis. These alterations typically occur
independently of HCV genotype and in the absence
of structural brain damage or signal abnormalities
on conventional brain magnetic resonance imaging
(MRI). Over the last few years, a number of factors,
including associated comorbidities, alcohol misuse,
substance abuse, interferon treatment, and HCV
itself, have been investigated to assess their role
as deteriorating or causative contributors to HCVassociated neurocognitive disorder (HCV-AND).
Available data suggest that HCV-AND is unrelated to
advanced liver disease, and therefore, the nature of
this condition is distinct from the potentially reversible
neuropsychological/neurophysiological complications
observed in individuals with minimal HE, i.e., with
biopsy-proven compensated cirrhosis or portalsystemic encephalopathy. Unravelling the contribution
of different factors to cognitive dysfunction and
elucidating the pathogenic role of HCV represent
issues of major importance for making personalized
treatment options available. Emerging lines of
evidence suggest that the profile of neuropsychological
dysfunction in HCV-infected patients is characterized by
impairment in executive function, sustained attention,
working memory, verbal learning and verbal recall.
Conversely, the neuropsychological complex observed
in minimal HE includes impairment in psychomotor
speed, selective attention, visuoconstructive function
[20]
and executive function. Forton et al , using in vivo
1
proton magnetic resonance spectroscopy ( H MRS),
first reported elevated choline/creatine ratios in basal
ganglia and frontal white matter (WM) of HCV-infected
patients with mild liver disease, but not in patients with
hepatitis B virus (HBV) infection. Subsequently, these
alterations were correlated with impaired concentration
and working memory in a group of patients with active
[21]
viral replication , whereas the cognitive performance
of patients who had achieved HCV clearance was
equivalent to that of controls. Intriguingly, metabolic
1
changes detected by H MRS in HCV patients were
different from abnormalities previously associated with
minimal HE, which were characterized by reduced
[22]
choline/creatine ratios . The occurrence of significant
deficits in executive function and attention, with
worse performance in patients complaining of fatigue,
has been reported in HCV patients with normal liver
function. This neuropsychological profile was correlated
with a decrease in N-acetylaspartate (NAA)/creatine
[23]
ratios in the cerebral cortex . Conversely, only slight
attention deficit and impairment of verbal learning
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were documented in a study involving 37 HCV patients
without significant liver disease or other relevant
1
comorbidities. In these individuals, H MRS revealed
increases in choline and decreases in NAA in the
centrum semiovale, as well as increases in creatine,
a marker of astrocytic gliosis and microglia activation,
[24]
in basal ganglia . Increased levels of creatine were
also detected in the basal ganglia of HCV patients with
impaired attention and working memory in another
study; unexpectedly, increased concentrations of NAA
plus N-acetyl-aspartyl-glutamate, possible markers
of on-going repair and neuroprotective mechanisms,
[25]
were also found in these patients . More recently,
decreases in NAA/creatine ratios in the fronto-parietal
WM, in the absence of other metabolic changes,
were found in 15 patients with mild liver disease,
diminished visual concentration endurance and
[26]
unaffected executive function . These alterations
were coupled with increased perfusion of basal ganglia
and reduced perfusion of left frontal cortex, bilateral
temporoparietal cortices, and posterior cingulate
[27]
gyrus . Furthermore, increased myoinositol in
bilateral frontal WM and decreased levels of NAA in
parietal WM without changes in basal ganglia were
documented in a cohort of HCV treatment-naïve
patients with reduced psychomotor speed and verbal
fluency. These patients also showed microstructural
brain pathology in the striatum, external capsule, and
[28]
fronto-occipital fasciculus by diffusion tensor MRI .
Taken together, the variability observed across different
studies likely reflects the use of different psychometric
scales and heterogeneity among recruited patients.
Results of studies addressing the quantification of
brain metabolite concentrations in HCV patients with
neuropsychological and neurocognitive dysfunction are
shown in Figure 2. Despite a number of limitations,
these studies demonstrate that chronic HCV infection
is associated with significant brain metabolic
alterations as a result of activation and proliferation
of glial cells (including astrocytes, microglia, and
monocyte/macrophages) and increased turnover of
1
myelin membranes. The regional distribution of H
MRS abnormalities suggests that only cortical and
subcortical telencephalic areas, but not the thalamus
or posterior fossa structures, are involved in HCV-AND.
These findings are in agreement with results of
neuropathological studies in human immunodeficiency
virus (HIV)-HCV co-infected individuals, demonstrating
the presence of HCV RNA in the frontal cortex, basal
ganglia, and subcortical white matter, but not in the
thalamus, cerebellum, and brainstem. In addition, HCV
NS5A and NS3 proteins, as well as the core antigen,
were found in astrocytes and macrophage/microglial
[29]
cells . These findings are relevant, in view of the
evidence that the core protein may trigger and
support a neurodegenerative cascade through the
[30]
activation of ERK/STAT3 pathway . Studies using
ligands that bind serotonin and dopamine transporters
have revealed a decreased density of serotonin
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Frontal WM
ml, ml/Cr, Cho/Cr ↑
NAA/Cho, NAA/Cr ↓

Centrum semiovale
↑ Cho
↓ NAA

Basal ganglia
NAA, ml/Cr, Cho/Cr, Cho, Cr ↑
Fronto/parietal WM
NAA, NAA/Cr ↓

Occipital cortex
↓ NAA/Cr

Figure 2 Quantification and localization of brain metabolite concentrations in hepatitis C virus patients exhibiting neuropsychological and neurocognitive
dysfunction. The regional distribution of proton magnetic resonance spectroscopy (1H MRS) abnormalities suggests that only cortical and subcortical telencephalic
areas, but not the thalamus or posterior fossa structures, are involved in hepatitis C virus (HCV)-associated neurocognitive disorder (HCV-AND).

and dopamine nerve terminals on single-photonemission computed tomography in HCV patients with
neuropsychiatric disorders and cognitive impairment,
even in the absence of significant liver disease.
Moreover, images obtained through positron-emission
tomography with the use of fluorodeoxyglucose
revealed decreased glucose metabolism in limbic,
[15,31,32]
frontal, parietal and temporal cortices
. Earlier
studies, employing neurophysiological tests of cognitive
processing, revealed delayed peak latencies and
reduced amplitudes of P300 in HCV patients compared
to healthy subjects, thus providing a potential and
sensitive neurophysiological measure of subclinical
[33]
cognitive impairment .
The characterization of neuropsychological/
cognitive dysfunction in HCV patients has been the
subject of several studies. Defects in verbal recall
and working memory were found in one-third of HCV
patients, including individuals with advanced liver
fibrosis, cirrhosis, and a history of alcohol misuse
and/or intravenous drug abuse. In contrast to earlier
reports, cognitive performance was not affected by the
[34]
degree of fibrosis . Impairment of verbal learning
and memory was detected in a cohort of HCV and HBV
patients, including patients with cirrhosis, as compared
[35]
to healthy controls , whereas verbal learning,
auditory attention, and reasoning/mental flexibility
were affected in a cohort of 24 non-cirrhotic HCV
patients with a negative history for medical/psychiatric
[36]
comorbidities, and drug and/or alcohol abuse .
More recently, the study of a small and well-selected
cohort of homogeneous state-infected, treatmentnaïve patients with mild liver involvement and a similar
history of iatrogenic HCV exposure, showed that half of
HCV RNA-positive patients had alterations in memory,
sustained attention, and delayed auditory recognition,
as compared to HCV RNA-negative subjects who
[37]
had spontaneous viral clearance . The effect of
successful anti-HCV treatment on neurocognitive
measures was recently investigated in a longitudinal
multicentre study involving a relatively large number
of HCV patients, 15% of whom had cirrhosis. Long-
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term evaluation at 12 mo or more following treatment
showed a significant improvement in vigilance and
working memory in patients who had achieved
sustained virological response (SVR), but not in non[38]
responders .

PSYCHIATRIC DISTURBANCES
Sexual dysfunction, emotional distress and psychiatric
disturbances are frequently described in HCV-infected
patients. People with HCV infection have a higher risk
for depression, anxiety, somatization, compulsiveness,
insecurity, aggression/hostility, phobic anxiety, and
[39]
psychosis . Although major psychiatric co-morbidities,
concomitant or previous substance abuse, and the
psychological consequences of having a chronic lifethreatening illness may account for most of these
manifestations, several studies have indicated a
primary role for HCV. Based on DSM-IV criteria, 28%
of chronically HCV-infected individuals experience
depression, which makes it difficult for them to adhere to
[40,41]
[42]
therapy
. Major depressive disorder and recurrent
brief episodes of depression unrelated to interferon
[43]
treatment have been reported . Nevertheless,
the prevalence of psychiatric symptoms is probably
[44]
underestimated in routine clinical examination , even
though psychiatric screening, accurate diagnosis, and
confirmatory evaluation by validated measures are
[45]
strictly required . Depression, anxiety and fatigue
are among the most common adverse events in
IFN/ribavirin treatment, and their cumulative incidence
seems to increase during IFN treatment, but returns to
[46]
baseline values following completion of therapy .
No major risk factors for treatment-induced
psychiatric symptoms have been identified as of
[47]
yet . While the presence of depression at baseline
can be predictive of increased psychiatric burden and
early treatment discontinuation, no apparent impact
on the achievement of SVR in patients completing
[48,49]
treatment has been reported
. Failure to clear
HCV-RNA has however been associated with IFN[44,50]
induced depression
, and in these cases, serotonin-
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norepinephrine reuptake inhibitors, bupropion and
modafinil, may improve affective and neurovegetative
[51]
symptoms of depression . The efficacy of preemptive antidepressant therapy has been questioned
[52]
in some studies , with the exception of patients
with pre-existing subclinical depressive mood, mild
[53]
cognitive disturbances, sadness, and reduced sleep .
In addition to depression, HCV is associated with
social marginalization, impairment of intimate and
family relationships, reduced sense of well-being,
[51]
anger, inappropriate coping strategies, and stigma .
The pathogenesis of HCV-related neuropsychiatric
symptoms is poorly understood and it still remains to
be determined whether the occurrence of depression is
a risk factor or a consequence of the infection.
While psychological and social factors are of
primary importance, the evidence that depression
is less frequently observed in HBV-infected patients
treated with IFN compared to those with HCV infection
suggests a relevant role of the virus itself in the
[54]
development of neuropsychiatric symptoms .

Fatigue
Central or cognitive fatigue is a subjective lack of
energy remaining after rest, which is perceived
as a sensation of physical and mental exhaustion,
and is accompanied by a lack of motivation and
difficulty in initiating and completing wilful actions.
Severe fatigue is frequently associated with impaired
cognitive function, with defects in concentration,
attention tasks, and memory on neuropsychological
testing. Irrespective of the severity of liver disease
or viral replication rate, between 53% and 80% of
HCV-infected patients complain of fatigue, often in
conjunction with joint pain, restless leg syndrome,
[55]
mood alterations, and headache . Intriguingly, fatigue
is worse in HCV-infected patients than in patients with
[56,57]
comparable liver dysfunction of other aetiologies
,
and improves after antiviral treatment in the majority
of patients. However, persistence of fatigue is observed
in roughly one third of patients despite the decrease in
[58]
viral load .
The association between HCV infection and fatigue
has been questioned in earlier studies comparing
[59]
HCV-infected patients with healthy blood donors ,
and also in studies reporting the lack of a prevalence
of HCV infection among patients with chronic fatigue
[60,61]
syndrome
. However, the latter condition, which
differs from chronic fatigue, is a clinically defined
complex disorder coupling disabling fatigue with
neuropsychiatric symptoms, sore throat, muscle
or joint pain, cervical or axillary lymphadenopathy,
sleep disturbance, headache, and post-exertional
exacerbation of malaise. In a cross-sectional
observational study, 130 HCV-infected patients, 34%
with cirrhosis, and 61 healthy controls completed a
questionnaire to assess health-related quality of life
(HRQL); 95 HCV patients also completed a fatigue
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[62]

questionnaire . Chronic fatigue (defined as fatigue
persisting for ≥ 6 mo) and chronic fatigue syndrome
occurred in 71% and 27%, respectively, of HCV
patients compared to 25% and 11% in the control
population. Nevertheless, while more HCV patients
reported chronic fatigue, the severity of fatigue
experienced was similar between the two populations.
Establishing the causes of fatigue in patients with
chronic HCV infection is difficult, although comorbid
neuropsychiatric symptoms, liver fibrosis, and HCV
neuroinvasion have been considered in several
studies. However, while severe fatigue is generally
an indication for antiviral treatment, “iatrogenic
fatigue” is commonly encountered during interferon
therapy, often leading to premature interruption of
the treatment. A recent study addressed the effect
of pegylated-INF/ribavirin treatment on fatigue in a
cohort of patients with chronic HCV infection. At 24
wk after completion of treatment, the proportion of
patients experiencing fatigue shifted from a baseline
value of 53% to 33% in the group achieving SVR,
with a median decrease at the visual analogue scale
from 27 mm to 13 mm. Conversely, a non-significant
decrease for the presence and the severity of fatigue
[63]
was observed among non-responders .

Sleep Disorders
Sleep has been defined as a behaviour which can be
measured according to five dimensions, including
[64]
duration, efficiency, timing, alertness, and satisfaction .
The assessment of the aforementioned dimensions
represents a valuable indicator of sleep health. Sleep
disturbance has a negative impact on innate immunity,
impairs the response to infectious agent and vaccines,
and is associated with increased susceptibility to acute
[65]
infections and severity of symptoms . In addition, the
reported higher prevalence of altered sleep patterns
in patients with acute and chronic infections, often
occurring in conjunction with pain and fatigue in the
setting of the so-called “sickness behaviour”, reinforces
the notion that the talk between the immune system
and the brain is of great importance in regulating sleep
architecture and other aspects of this behaviour.
Sleep disturbance with disordered circadian
rhythm and reversal of day and night cycle has been
frequently reported in patients with overt HE. In
addition, abnormal sleep patterns have been detected
in 50% of cirrhotic patients with minimal HE, as well
as in those with non-cirrhotic chronic liver disease.
To date, little attention has been devoted to sleep
disturbance in chronic HCV-infected patients in spite
of the frequent occurrence of complaints in sleep
satisfaction/quality, a subjective judgement of sleep
as good or poor. In a recent study, self-report sleep
scales assessing quality, latency, duration, efficiency,
and daytime dysfunction, in addition to sleep diaries
and wrist actigraphy (as a measure of nocturnal
activity and sleep-wake patterns), were combined to
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examine a cohort of non-cirrhotic HCV patients with
[66]
mild hepatic disease . Not surprisingly, HCV-infected
patients were dissatisfied with sleep quality, and
exhibited altered sleep patterns, increased nocturnal
activity, and poorer sleep efficiency, regardless of
their individual viremic state. However, no alterations
in the 24-h physical activity level were observed,
and no correlation was found between fatigue and
nocturnal activity. These findings are in contrast to
the sleep disturbance observed in cirrhotic patients,
which is characterized by fragmentation of sleep and
[67]
reduced 24-h activity . In addition, for delayed sleep
phase syndrome, pronounced daytime sleepiness
and frequent awakenings were observed in patients
[68]
with minimal HE . Taken together, among extrahepatic manifestations of chronic HCV infection, sleep
disruption entails a significant burden, and negatively
[69]
impacts mood alterations , quality of life, and
possibly fatigue. Further research is needed to clarify
the pathophysiological mechanisms responsible for
alterations in the circadian clock.

QUALITY OF LIFE
Quality of life can be defined as overall satisfaction
with life, referring to wellbeing within the functional
domain assessment of physical and mental health
and social functioning. Chronic medical conditions are
typically associated with a reduced quality of life as
reported by patients, although measurement tools of
such aspects have obvious limitations. Existing selfreporting questionnaires generate different scores
according to different categories, such as general and
mental health, social and physical functioning, pain,
[70]
vitality, and impact of the disease . There are no
quality of life assessment scales specifically developed
for HCV-infected subjects. SF-36 or its short version
(SF-12) are typically used, since these methods have
largely demonstrated high accuracy in detecting quality
of life impairment in a wide range of chronic diseases.
More than half of patients with chronic HCV infection
complain of fatigue, lassitude, impaired concentration
and memory, which are known to interfere negatively
with quality of life at least as much as physical
symptoms. Patients also report a reduced quality of
life, which is frequently independent of the severity
of liver involvement or virus replication rate. Fatigue,
cognitive dysfunction and mood alterations have a
profound effect on social and physical functioning,
[71]
thus further impacting HRQL . Lower quality of
life scores have been described in HCV subjects
compared to HBV-infected patients and healthy
[56]
controls . Interestingly, these findings seem not to
be exclusively related to the psychological effect of
HCV positive status awareness, since patients who are
unaware of the infection perform better than patients
who know their HCV status but worse than healthy
[72]
individuals . More recent studies that assessed HRQL
using the SF-12 questionnaire in German HCV/HBV
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positive patients and healthy controls, confirmed a
predominant impairment on both mental and physical
quality of life in HCV subjects despite a more evident
[73-75]
liver disease in HBV ones
. Whether these data
reflect direct viral damage or are a consequence of
chronic inflammation is still unclear, but viral infection
itself is an important factor contributing to reduced
HRQL.
SVR has been associated with an improvement
in HRQL scores that can be due to both viral status
and patient perception. Using the SF-36 scale, a
comparison between HCV infected patients and
healthy subjects revealed a lower HRQL at baseline,
but a marked improvement was noted in patients
[76]
responsive to IFN/antiviral treatment . However, IFN
treatment may also be associated with reduced quality
of life, in particular during the initial phase of therapy,
which is likely to be due to potential side effects of IFN
[77]
injections both at physical and emotional levels .

Therapy of chronic HCV infection:
present and future
The combination of IFN and ribavirin no longer
represents the therapeutic standard of care, at least
for difficult-to-cure HCV-infected patients of gt-1 and
[78]
gt-4 . The introduction of telaprevir and boceprevir
has resulted in a higher rate of SVR, but these
antiviral agents are being rapidly replaced by the new
interferon-free, all-oral regimens that include directacting antivirals such as sofosbuvir, daclatasvir, and
simeprevir, with or without ribavirin. In spite of the
high costs that currently prevent their accessibility
to all patients who may benefit from treatment,
several of these regimens are under intensive clinical
investigation and have been able to induce SVR in
90% or more of the patients, even in those with HCV
re-infection and accelerated progression following liver
[79]
transplant .
A careful assessment of the most appropriate
therapeutic regimen for each specific clinical situation
will require further multicentre trials. Additional points
that need to be addressed include the identification of
novel predictive factors, the adoption of new criteria
to define the length of therapy, and the elucidation
of resistance mechanisms that may result in the
emergence of drug-resistant viral variants. Finally, the
most eagerly awaited goal is the development of a
safe and effective vaccine.
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Abstract
The hepatitis C virus (HCV), first described in 1989, is
now a leading cause of liver cirrhosis and hepatocellular
carcinoma. With more than 170 million people infected
globally, this virus is a major public health issue. The
current standard therapy is based on interferon in
combination with ribavirin. This costly therapy often
fails to completely clear the infection and is associated
with adverse side effects. Recent anti-HCV therapies are
interferon-free direct-acting antiviral (DAA) regimens
for HCV, including simeprevir, sofosbuvir, and ledipasvir,
which have effects on non-structural proteins. DAA
regimens have several advantages, such as specifically
targeting HCV viral replication, accompanied by very
high sustained virological response rates and lower
side effects like flu-like syndrome. These facts plus the
fact that most HCV cases progress to chronic infection
suggest the potential need for an efficient HCV vaccine.
Different innovative methods, including methods based
on peptide, recombinant protein, DNA, vector-based,
and virus-like particles, have been introduced for the
development of HCV vaccines. An extensive number
of studies have been published on these vaccines,
and some vaccines were even tested in clinical trials.
In the current review, progress in the development
of preventive and therapeutic vaccines against the
HCV is reviewed in the context of peptide vaccines,
recombinant protein vaccines, HCV-like particle, DNA
vaccines and viral vectors expressing HCV genes.
Key words: Preventive vaccine; Therapeutic vaccine;
Hepatitis C virus; Hepatitis C virus infection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic hepatitis C virus (HCV) infection occurs
in about 75%-90% of acutely infected individuals.
It may progress to liver cirrhosis or hepatocellular
carcinoma. Despite satisfactory progress in the
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management and treatment of chronic hepatitis C,
it remains one of the most prominent viral infections
worldwide. Although no reliable vaccine for it has yet
been developed, researchers are trying to design and
develop different types of vaccines to prevent HCV
infection or to cure the chronic form of the disease.
The current article provides an overview of the
latest progress in the development of preventive and
therapeutic vaccines against HCV infection in the context
of peptide vaccines, recombinant protein vaccines, HCVlike particle, DNA vaccines, and viral vectors expressing
HCV genes.
Ghasemi F, Rostami S, Meshkat Z. Progress in the development
of vaccines for hepatitis C virus infection. World J Gastroenterol
2015; 21(42): 11984-12002 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i42/11984.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i42.11984

[15]

of all cases .
The majority of newly-infected people are asymp
tomatic or have a mild illness. Therefore, they are
[4]
normally not aware of their condition . Symptoms are
anorexia, nausea, vomiting, abdominal discomfort,
and jaundice. HCV rarely causes fulminant hepatic
[16]
failure .
Drug therapy for HCV consists of the administra
tion of interferon alpha (INF-α) and ribavirin and is
associated with adverse side effects. A new class of
drugs called direct-acting antivirals (DAA) is beginning
to be used in combination with INF-α and ribavirin,
resulting in an increase in their effectiveness. However,
the drawbacks of DAAs are their high cost and more
adverse side effects, such as fever, fatigue, chills, and
[15]
depression . Based on these factors and the fact that
only a small percentage of HCV patients can be totally
[17]
cured , the need for an effective HCV vaccine is
apparent. Here, we review the obstacles and progress
in the development of effective vaccines against HCV.

INTRODUCTION

HCV VIROLOGY

The hepatitis C virus (HCV) is an enveloped, positivesensed, single-stranded RNA virus belonging to
[1]
the hepacivirus genus of the Flaviviridae family .
Approximately 75% of acute HCV cases develop into
chronic HCV infection, of which 3%-11% develop into
liver cirrhosis within 20 years. This may eventually
lead to liver failure or hepatocellular carcinoma (HCC)
[2-4]
and may necessitate a liver transplant .
HCV is mainly transmitted through blood as in
transfusion, injection drug use, organ transplantation,
hemodialysis, or accidental exposure; however,
unprotected sexual contact and vertical mother-to[5,6]
child transmissions have also been documented .
[7]
First discovered in 1989 , it is estimated that
3% of the world’s population is infected with HCV.
Infection rates vary from less than 1% to over 10% in
[8]
different countries . HCV antibody (anti-HCV) testing
is used to assess the prevalence of HCV. Studies have
reported that countries located in Africa and Asia have
the highest anti-HCV rates, whereas industrialized
countries, such as those located in North America,
[9-11]
Western Europe, and Australia, have lower rates
.
Although the incidence rate of HCV is decreasing in
developed countries, mortality due to secondary liver
disease from HCV infection is expected to continue to
[12]
rise over the next 20 years . HCV infection is more
common in adult populations (people older than 15
[13]
years) . With efficient screening strategies, better
treatments, and the use of preventive vaccines, it is
estimated that HCV could be eliminated in the next 15
[13,14]
to 20 years
.
HCV strains are categorized into seven genotypes
(1-7) based on their phylogenetic similarities and
genome sequence. HCV genotype 1 is the most
common, accounting for 46.2% of all cases worldwide,
followed by genotype 3, which is responsible for 30.1%

HCV has an icosahedral capsid that consists of a singlestranded, positive-sensed RNA and is enveloped with
[18]
E1 and E2 glycoproteins that are highly variable .
Scientists have been unable to culture HCV in vitro.
This, in turn, makes studying its structure and repli
cation processes difficult, but some progress has
[19,20]
been made
. Virus replication occurs mainly in
hepatocytes. It is estimated that each infected cell
produces 50 virions daily. The virus also replicates in
peripheral blood mononuclear cells (PBMCs) and may
be responsible for high levels of immunologic disorders
[1]
in chronic hepatitis C patients .
The genome of HCV contains a long open reading
frame (ORF) encoding a 3000 amino acid length
polyprotein that is cleaved into structural and nonstructural (NS) proteins. A 5′ untranslated region
functions as an internal ribosome entry site and
permits direct binding of ribosomes to the start codon
[21,22]
of the ORF, thus directing translation of ORF
. The
first about 40 nucleotides of the RNA genome may
[23]
be involved in RNA replication . The 3′ untranslated
region is comprised of four elements: (1) a short
variable sequence; (2) a poly(U) tract of heterogeneous
length; (3) a polypyrimidine stretch mainly containing
U and a few Cs; and (4) a highly conserved 98
[24,25]
nucleotide sequence
. The poly(U) tract and the
highly conserved region of 3’ UTR are essential for the
[26]
infectivity of HCV .
Viral structural proteins include core protein (22
kDa), E1 (33 kDa), and E2 (70 kDa) glycoproteins, and
[27,28]
the NS proteins NS2, NS3, NS4A, NS5A, and NS5B
.
HCV core is a 22 kD basic protein responsible for
forming the capsid structure. It has been implicated
in HCV pathogenesis, the development of chronic
infection, and immune response modulation. Core is the
most conserved protein among various HCV genotypes,
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and humoral responses against it are the first host
[29-31]
responses to develop in an infected patient
. E1
and E2 play roles in cell entry. E2 glycoprotein interacts
with the HCV receptor CD81 in liver cells. Moreover, low
density lipoprotein (LDL) receptors, scavenger-receptor
class B type 1 (SR-B1), and Claudin-1 act in the process
[18]
of cell entry . E2 contains three hypervariable regions
(HVR) that play roles in cell entry, antibody binding,
and outcome of the disease. In the HCV genome, P7
gene encodes the first NS protein and is located after
the genes that encode structural proteins. It forms the
ion channels that seem to be essential for the efficient
[32]
assembly, release, and production of HCV .
P7 was the first NS protein located after structural
proteins. Its function is unknown, but it forms the
ion channels that seem to be essential for HCV
[19,29]
production
. NS2 (23 kDa), which is located early
after P7, is a membrane-associated protease that
can cleave the NS2-3 junction. P7 has been shown to
cooperate with other NS proteins and may facilitate
[29,33]
viral assembly
. NS3 (67 kDa) is a serine protease
with RNA helicase and nucleoside triphosphatase
(NTPase) activities that cleaves HCV polyprotein at
[29,33]
various junctions between NS proteins
. NS3
also regulates NS2 protease activity and inhibits
type 1 interferon (IFN) production by blocking Tolllike receptor 3 (TLR3) and retinoic acid-inducible
[34,35]
gene 1 (RIG-I) signaling pathways
. NS4 is
further cleaved into NS4A and NS4B. NS4A plays a
role in the assembly of the HCV replication complex,
viral pathogenesis, modulation of NS3 helicase, and
[29,33]
facilitation of NS3 serine protease activities
. NS4B
is responsible for the formation of cellular membranous
webs that are the site of genomic replication in HCV.
Any allelic variation in its sequence may strongly affect
[36]
HCV replication .
The NS5A protein has RNA-binding activity and
directly binds to NS5B, modulating its RNA polymerase
[29,33,37]
activity
. The NS5B protein is an RNA-dependent
RNA polymerase that lacks proofreading activity,
thus giving rise to a high rate of replication errors
and generating significant genetic diversity. This
high rate of genetic variability produces a mixture of
variants called quasispecies, even in a single infected
[38]
individual .

Natural immune responses to HCV
Figure 1 summarizes immune responses against HCV
with a focus on both innate and adaptive immune
responses. More details about the components and
effects of such responses are found in the sections
below.

Innate immunity and HCV

Humoral immunity and HCV

Innate immunity, the first system to respond to HCV
infection, contains proinflammatory cytokines and a
cellular component. In addition to resisting infection,
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innate immunity is also involved in provoking adaptive
[39]
immunity . Three arms of innate immunity that
identify HCV infection as a threat are: (1) RIG-Ilike receptors (RLRs); (2) TLRs; and (3) nucleotide
[40]
oligomerization domain (NOD)-like receptors (NLRs) .
After HCV recognition, these arms send various
downstream signals to induce the production of various
cytokines, such as interleukins (IL) and IFNs, which
create an antiviral state for uninfected cells, decrease
HCV replication in infected cells, and link innate
[39]
immunity to adaptive immunity . The RIG-I pathway
is activated shortly after infection. HCV promotes a
structural change in RIG-I and leads to the activation
of the transcription factors IFN regulatory factor 3
(IRF3) and nuclear factor kappa B (NFκB), which
[41]
results in the production of type Ⅰ and Ⅲ IFNs .
TLRs can sense both viral nucleic acid and
protein. TLR3 and 7 have been shown to play roles
[42]
in intracellular HCV recognition . TLR3 is found
in hepatocytes and Kupffer cells and inhibits HCV
[43,44]
replication
. TLR7 resides in plasmacytoid dendritic
cells (pDCs) and Kupffer cells, leading to the production
[45,46]
of type Ⅰ and Ⅲ IFNs and IL-1β and IL-18
.
The NLR pathway results in the activation of
inflammasome, a protein complex made of a sensor
(NLR protein 3), the adaptor (ASC), and caspase 1
[47]
(a cellular protease) . NLRs trigger the secretion of
IL-1β and IL-18, which cause hepatic stellate cells to
[48]
form fibrosis .
IFNs-α and β (type I IFNs) bind to similar receptors
and activate the janus kinase (JAK)/signal transducer
and activator of transcription (STAT) pathway, which in
turn induces interferon-stimulated genes (ISGs). This
pathway amplifies total IFN responses and degrades
[49]
viral RNA . Type Ⅲ IFNs include IFN-λ 1, 2, and 3
(IL-29 and IL-28 A and B, respectively). They activate
the JAK/STAT pathway and induce ISGs, the same as
type I IFNs; however, they bind to different receptors
[50]
with distinct cellular distribution .
The role of IL-18 is still unclear in HCV infection,
but it may suppress virus replication and induce
the maturation of monocyte-derived dendritic cells
[51]
(DCs) . pDCs may be the major source of IFN-α
production. Myeloid DCs (mDCs) migrate to lymphoid
tissue to activate native T cells and bridge innate and
[45]
adaptive immune responses .
Natural killer (NK) and NKT cells also play roles in
HCV infection through IFN type Ⅱ (IFN-γ) production
[52,53]
and cytotoxic destruction of infected cells
.
IFN-γ activates Kupffer cells, and they release
proinflammatory molecules, such as tumor necrosis
[51,54]
factor (TNF)-α, galectin-9, and IL-18
.

Humoral responses to HCV infection include B cell
activation and production of antibodies that are
primarily low titers of IgG1 and appear late in the
[55,56]
course of the disease
. Antibodies can be detected

11986

November 14, 2015|Volume 21|Issue 42|

Ghasemi F et al . Preventive and therapeutic vaccines for HCV infection

IFN-Ⅱ

HCV infected
hepatocytc

HCV

*

IFN-Ⅰ
IFN-Ⅱ

Non infected
hepatocytc

pDC

pDC
HCV

HCV
IL-12

HCV

Viral RNA
degradation

NK cell
NK T cell
IFN-g
IFN-Ⅰ/IFN-Ⅱ
IL-18
IFN-Ⅱ
*

HCV

Neutralization Ab

Cellular protein
production

Virus replication

IL-2

IFN-Ⅰ

TNS-a
IL-1
IL

NK cell

**

IFN-a

IgG1 for E1-E2

Cellular protein kinase

Tim 3

IL-4
IL-6

TGF-b
IL-10

IL-17

mDC
IL-12

IL-12

HCV
BCR

Plasmacell

Macrophage

Th2

Th0

IL-4
IL-5
IL-10
IL-13

IL-2
IFN-g

IFN-g
TNF-a
perforin
GZ

Macrophage
IFN-g

Treg

Th17

IL-21

TGF-b
IL-10
Gal-9

IL-2
Differentiation
B cell

Th1

CTL

* Death of infected cells
** HCV specific cytolysis

Figure 1 Summary of immune responses against hepatitis C virus. In innate immune response, NK cells are activated, which leads to the production of IFNs
1-11. This would inhibit the production of viral particles and destroy their genomes. In addition, in normal cells, antiviral effects are mediated through inhibition of
protein synthesis. Adaptive immune responses work through the activation of T cells and production of cytokines that result in inhibition of the growth of the virus and
elimination of the infected cells. B cells perform their actions through the production of neutralizing antibodies against the virus. Ab: Antibody; BCR: B cell receptor;
CTL: cytotoxic T lymphocyte; E1: HCV E1 glycoprotein; E2: HCV E2 glycoprotein; GZ: Granzyme; HCV: Hepatitis C virus; IL: Interleukin; IFN: Interferon; mDC:
Myeloid dendritic cell; NK cell: Natural killer cell; pDC: Plasmoid dendritic cell; Th: T helper cell; TGF: Transforming growth factor; TNF: Tumor necrosis factor.

after 7-10 wk of infection; however, viral RNA can be
[57]
detected 1-3 wk after infection .
Although a few antibodies for E1 glycoprotein as
well as NS proteins have been found, the main target
[56,58,59]
for antibodies are the surface E2 glycoprotein
.
Antibodies against NS proteins were found earlier in
the disease course and with a greater magnitude.
Nevertheless, E2 glycoprotein is still considered the
main target for antibodies.
Recent studies have suggested that patients
infected with HCV show an elevated level of activated
B cells, and people with defects in antibodies
experience rapid disease progression, emphasizing the
[60-62]
role of humoral immunity in HCV
. Patients with
hypogammaglobulinemia could spontaneously resolve
acute hepatitis C, suggesting that humoral immunity
[63]
is not essential for HCV clearance . The activity of
humoral immunity may contribute to some of the extra
hepatic disorders associated with HCV, such as mixed
cryoglobulimia and B-cell non-Hodgkin’s lymphoma,
although the mechanisms of these associations are still
[64,65]
not well understood
.

Cell mediated immunity and HCV

Cell immunity for HCV is composed of two arms: CD4+
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and CD8+ T cells that are detectable in peripheral
[66]
blood or the liver several weeks post-infection .
These T cells directly kill infected cells or produce
soluble factors that clear the virus in a non-cytolytic
manner. These cells may also directly damage the liver
or attract non-specific inflammatory cells to accelerate
[67]
liver inflammation .
Upon recognition of HCV through the major histo
[68]
compatibility complex (MHC) class Ⅱ , CD4+ T cells
(T helper) mainly produce IFN-γ that correlates with
[66]
decreased HCV titer and transaminase levels . These
cells also produce IL-2 that helps the production of
CD8+ (cytotoxic) T cells. Moreover, they can enhance
B cell production. T helper actions are essential for
[69]
spontaneous recovery during acute HCV . It has
been shown that T helper responses are not observed
[70]
in patients developing chronic disease .
CD8+ T cells recognize HCV-infected cells through
[68]
MHC class Ⅰ and lead to lysis of infected cells .
The role of MHC class Ⅰ in HCV recognition indicates
that spontaneous clearance of HCV is related to the
presence of some MHC class Ⅰ molecules, including
human leukocyte antigen (HLA)-B*57, HLA-B*27,
HLA-A*11, HLA-A*03, and HLA-Cw*01, and to
[71]
the absence of HLA-Cw*04 . The mechanism of
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the influence of these alleles in the clearance of
HCV is unknown; however, some studies suggest
that these allelic variants produce binding proteins
to immunogenic or functionally conserved T cell
[72]
epitopes . There is evidence for the binding of some
proteins to inhibitory receptors of NK cells. MHC class
Ⅱ genes, such as DQB1*0301 and HLA-DRB1*1101,
have also been associated with HCV clearance. Patients
who lack efficient cytotoxic T cell response develop
persistent hepatitis C infection, but the magnitude of
the cytotoxic T cell response is associated with the
[73,74]
clinical outcome
.

CHALLENGES TO DEVELOPING A HCV
VACCINE
HCV genetic variability

Studies suggest that the HCV first appeared over
1000 years ago and evolved in different environments
into seven distinct genotypes and more than 100
[15,75,76]
subtypes
. HCV mutates at a rate of nearly one
nucleotide per replication cycle. This is due in part
to the lack of proofreading activity of NS5B RNAdependent polymerase that causes an error rate of
-3
-5
[19]
10 to 10 per nucleotide per replication cycle .
These frequent mutations, in combination with a
10
12
short viral half-life and rapid turnover (10 to 10
virions per day), lead to a high genetic variability
that results in the presence of distinct but closely
related HCV variants (known as quasispecies) in one
[38]
infected individual . E1 and E2 glycoproteins show
[75]
the highest variability among HCV proteins . It is
estimated that HCV is 10 times more variable than the
human immunodeficiency virus (HIV), and this clearly
poses a significant challenge for successful vaccine
[77]
development .

Immune evasion and HCV persistence

HCV can escape the immune system by inhibiting NK
cells and IFN-α production and by mutating to evade
antibody and CD8+ T cell recognition. The mutations
in CD8+ T cell epitopes have been carefully described
[78,79]
[80-82]
in many chimpanzee
and human studies
.
During HCV replication, NS3 and NS4A block
the signaling pathways of TLR3 and RIG-I, and that
[83-85]
.
ultimately inhibits the production of type Ⅰ IFN
This may lead to a decrease in NK cell activity
[86,87]
through a lack of IL-15 production
. Core protein
[88]
interferes with TNF-α and lymphotoxin signaling ,
and E1 and E2 glycoproteins build a glycan shield and
[89]
facilitate cell-to-cell spread . The NS5A protein could
stimulate IL-8, inhibit double-stranded RNA-activated
protein kinase, and interfere with 2’,5’-oligoadenylate
synthetase (2’,5’-OAS), thereby interrupting the
[90,91]
signaling of type 1 interferon
. The overexpression
of HCV core protein interacts with the STAT1 SH2
[92,93]
domain and leads to the inhibition of IFN signaling
.
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The upregulation of ubiquitin-specific peptidase 18
(USP18) via long-term IFN stimulation suppresses
ISG15 activation and JAK/STAT signaling, which can
[94,95]
lead to type Ⅰ IFN stimulation resistance
. NK
and NKT cells are present in liver tissue and produce
IFN-γ and other cytokines to prime cellular immune
[96]
responses .
HCV escapes humoral immunity by several mecha
nisms: (1) HCV binds to very low density lipoprotein,
[97]
which facilitates its uptake by hepatocytes ; (2) three
glycans at the CD81 binding site of E2 glycoprotein
[98]
decrease the immunogenicity of the virus ; (3)
CD81 and Claudin-1 allow HCV to infect surrounding
[99]
cells through cell-to-cell contact ; and (4) constant
[100]
mutations in HCV can induce interfering antibodies .
Another obstacle in developing an efficient vaccine
is the persistence of HCV, mainly because of (1)
[101]
rapid HCV escape mutations
; (2) the secretion of
[102]
immune regulatory cytokines ; (3) T cell exhaustion
[103,104]
and depletion
; and (4) T regulatory cell
[105]
induction . A further obstacle is the lack of a suitable
animal model to study HCV.
HCV polymerase works at a high rate and lacks
proof-reading activity, which leads to a rapid viral escape
[106,107]
from humoral and cellular immunity
. Mutations
in MHC classⅠrestricted epitopes that are targeted by
[108,109]
cytotoxic T cells may lead to persistence
.
IL-10, an immune-regulatory cytokine, increases
in chronic hepatitis C. It is produced by T cells as well
as monocyte and NK cells. IL-10 not only suppresses
IFN-α and IFN-γ production and T cell proliferation but
[110]
also promotes pDC cell apoptosis , resulting in liver
[104]
damage in patients with chronic HCV infection . Tumor
[102]
growth factor-β also plays a role in HCV persistence .
In T cell exhaustion, T cells are in a state of
dysfunction. This phenomenon can develop during
many chronic infections like HCV. These cells lose
their ability to produce IL-2, which is essential for the
production of T cells, and show sustained expression
of inhibitory receptors. These changes result in a loss
of cytotoxicity and the cytokine production of cellular
[111]
immunity . Programmed cell death protein-1 (PD-1)
plays important roles in CD8+ T cell exhaustion, and
[112-114]
blocking PD-1 restores CD8+ T cell responses
.T
lymphocyte antigen 4 [cytotoxic t lymphocyte (CTL)A4]
also contributes to T cell exhaustion. Inhibition of
both PD-1 and CTLA4 improves the restoration of
[115]
T cell responses
. HCV induces T cell deletion
by upregulating the pro-apoptotic molecule Bcl-2interacting mediator (Bim) and downregulating the
induced myeloid leukemia cell differentiation protein
[104]
(Mcl-1) .
Regulatory T cells control the balance between
host damage and viral control. These cells can
induce immune-tolerance when excessive immune
response could be harmful for the host. They inhibit
the maturation of antigen presenting cells and the
activation of T cells. Thus, they control auto-immunity
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[116]

and immune responses
. Although higher T
regulatory cell frequency has been observed in chronic
[117-119]
HCV compared to self-resolving infection
, a study
in chimpanzees showed that HCV infection increases
the number of T regulatory cells and their suppressive
[120]
actions irrespective of the disease outcome .
HCV attacks mitochondria in liver cells and induces
[121-123]
mitochondrial dysfunction and oxidative stress
,
resulting in the induction of cell autophagy and
mitophagy, selective elimination of mitochondria, and
the induction of mechanisms to eliminate dysfunctional
[124]
mitochondria
. Autophagy proteins act as proviral
factors that initiate the translation of HCV RNA in
newly-infected cells, and autophagosomes will become
sanctuaries for HCV replication away from host
immune surveillance, which paves the way for chronic
[125,126]
[127]
infection and liver failure
. Kim et al
suggested
a similar role for mitophagy in the HCV life cycle.

Lack of an appropriate HCV model

[128]

Other than humans, chimpanzees
and a non[129]
rodent small mammal named Tupaiabelangeri , also
known as the tree shrew, are naturally susceptible to
HCV infection. In addition to the mentioned animal
models, much effort has been made to introduce
genetically-manipulated animals, preferably mice or
rats, for the study of HCV pathogenesis and vaccine
[130-133]
design
. The results of chimpanzee studies are
highly variable and difficult to interpret because of the
genetic variability between animals and small sample
sizes. Approximately 30%-40% of chimpanzees
develop chronic HCV infection, whereas up to 85%
[134]
of infected humans develop chronic HCV
. The
high cost of acquiring and maintaining the animals,
their limited availability, and ethical considerations
are major drawbacks to using chimpanzees as HCV
[133]
animal models
. The infection rate and viremia of
tree shrews is low and rarely sustained; however, they
[135,136]
can develop chronic hepatitis in some cases
. The
limited availability of tree shrews, their high housing
costs, and the lack of tupaia speciﬁc reagents (used
to assess HCV-host interactions) limit their use for the
[128]
study of HCV .
HCV is a highly complex virus. The study of
immune responses was long hampered by the lack of
a cell culture system or readily accessible small animal
model. HCV can replicate in lymphoid cells or PBMCs
but only for limited periods of time and very low
[137]
viral loads
. The invention of HCV pseudo-particles
(HCVpp) expressing unmodiﬁed E1E2 glycoproteins
has provided a way for more thorough studies of HCV[138]
, although the structure and
speciﬁc antibodies
neutralization of HCVpp are signiﬁcantly different from
[139]
natural HCV .
The first successful tissue model of HCV infection
was developed in 2005 using the HCV/JFH1 cell culture
[140]
system . The whole genome of the JFH1 virus was
separated from a Japanese patient with fulminant
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hepatitis; it was then multiplied with PCR, cloned, and
named JFH1. The JFH1 virus is of the 2a genotype
and has a full-length HCV genome. This culturing
system efficiently maintains the replication of HCV
in human hepatoma cell line Huh7 and produces fair
titers of cell-cultured derived HCV particles (HCVcc)
with natural infectious properties. This platform was
further broadened to include HCV subtype 1a strain
H77-S, which is more commonly associated with HCV
complications, such as HCC and cirrhosis, and more
[141]
resistant to IFN therapy than HCV genotype 2 .

Preventive and therapeutic
vaccines
Any preventive (prophylactic) or curative (therapeutic)
immunogen that inhibits or treats the chronic phase of
HCV infection can be referred to as an effective HCV
vaccine, since HCV persistence results in liver failure
[142]
and the development of clinical complications
.
Patients reinfected with HCV demonstrated a signi
ficantly increased spontaneous viral clearance rate
and broader T-cell responses compared with those
[143]
who had been affected with primary infections
.
Differences in viral kinetics and rates of clearance
between primary and secondary infections strongly
support the significance of memory immune responses
in the clearance of natural infection and support
the development of therapeutic and prophylactic
[143,144]
vaccines
.
Most chronic HCV infections exhibit lower HCVspecific T-cell responses compared with humoral
responses. Thus, efforts have focused more on
enhancing the T cell rather than humoral responses.
In addition to inducing strong and cross-reactive
neutralizing antiviral antibodies (humoral immunity),
a suitable HCV vaccine should provoke long-lasting
cellular immune responses involving helper CD4+and
[31,145]
CD8+ T cells (cellular immunity)
. Although
current therapeutic vaccine trials have successfully
induced HCV-specific immune responses and
transiently reduced viral RNA in subsets of patients,
they have not completely cleared HCV infections or
[145-147]
consistently reduced viral titers
. Here, different
vaccine development strategies and the clinical trials in
which they were tested were reviewed (Table 1).

Peptide vaccines

Peptide vaccines induce HCV speciﬁc T cell responses
by presenting vaccine peptide to the T-cell receptor
via HLA molecules. Therefore, they are HLA-specific
and target only a selected subset of epitope sequences
within the HCV genome. The high rate of genetic
variation in viruses within populations and geographic
regions limits the universal usage of these vaccines.
They often contain multiple epitopes in order to induce
broader T cell responses. Unfortunately, some peptides
[148]
may induce T regulatory cells or immune tolerance .
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Table 1 Hepatitis C virus theraputic and preventive vaccines tested in primates and humans
Type of vaccine

Lead author

Year

Vaccine

Tested in

Adjuvant

Ref.

Recombinant protein

Leroux-Roels

2004

Human n = 20

Alum

[160]

Choo
Frey
Drane
Verstrepen
Puig
Firbas
Firbas
Yutani

1994
2010
2009
2011
2004
2006
2010
2007

Chimpanzee n = 7
Human n = 60
Human n = 30
Chimpanzee n = 4
Chimpanzee n = 2
Human n = 128
Human n = 54
Human n = 12

MF59
MF59
ISCOMATRIX
Alum
Oil/water
Poly-L-arginine
Poly-L-arginine
-

[153]
[161]
[163]
[162]
[155]
[149]
[150]
[145]

Klade

2008

Human n = 60

Poly-L-arginine

[146]

Forns
Sallberg

2000
2009

Chimpanzee n = 2
Human n = 12

-

[227]
[179]

Alvarez-Lajonchere

2009

Human n = 15

-

[175]

Virally vectored

Rollier
Folgori
Fattori
Barnes
Youn
Habersetzer

2007
2006
2006
2012
2008
2009

Chimpanzee n = 4
Chimpanzee n = 5
Rhesus macaque n = 3
Human n = 30
Chimpanzee n = 4
Human n = 15

-

[201]
[191]
[194]
[193]
[207]
[203]

Others

Elmowalid
Batdelgar

2007
2008

Recombinant E1
(T2S-918/InnoVac-C)
Recombinant E1 or E2
Recombinant E1 or E2
Recombinant Core
Recombinant E1 or E2
Recombinant E1 or E2
7 HLA-A2 restricted peptides (IC41)
7 HLA-A2 restricted peptides (IC41)
Peptide vaccine targeting E1, E2,
NS3 and NS5A
Synthetic peptide vaccine (core, NS3,
NS4) (IC41)
DNA vaccine expressing E2 protein
NS3/4A expressing plasmid
(ChronVac-C)
Plasmid (CIGB-230) expressing core,
E1, E2 plus recombinant core protein
DNA/MVA
Ad6/Ad24 + electroporated DNA
Ad6/Ad6/ChAd32
Ad6/ChAd3
Recombinant vaccinia
Modiﬁed vaccinia Ankara virus
expressing HCV NS3-NS5B
(TG4040)
Virus like particles
V-5 Immunitor–heat- inactivated
HCV antigens from HCV infected
donors (tablet administered orally)

Chimpanzee n = 4
Human n = 10

AS01B
-

[215]
[219]

Peptide

DNA vaccine

HCV: Hepatitis C virus; E1: HCV E1 glycoprotein; E2: HCV E2 glycoprotein.

Intercell (Intercell AG, Vienna, Austria) developed a
peptide vaccine, IC41, which consists of five synthetic
peptides derived from conserved regions of core,
NS3, and NS4 proteins of HCV genotypes 1 and 2
with a poly-L-arginine adjuvant. IC41 was assessed
in 128 HLA-A2+ healthy volunteers in a phase I,
dose-escalation, placebo-controlled randomized
trial where it was proven to be safe and well
tolerated. IC41 vaccination induced few interferonproducing cells and dose-dependent T cell immune
[149]
[146]
responses
. Klade et al
sought to determine
whether IC41 is able to induce HCV-specific T-cell
responses in chronic hepatitis C patients. In their
study, 60 HLA-A2+ chronic HCV patients who failed
to respond to or relapsed from conventional therapy
were sorted randomly into five groups to receive six
doses of IC41 in a double-blind phase Ⅱ study. T-cell
proliferation was recorded in up to 67% of patients,
and IFN-γ responses were observed in up to 42% of
patients in the IC41 vaccine groups. Moreover, three
patients had transient declines of HCV serum RNA.
Another randomized trial included 54 healthy subjects
receiving either subcutaneous or intradermal IC41
vaccinations weekly or bi-weekly. Results showed that
IC41 induced significant immunological responses;
adding imiquimod to the formulation did not enhance
immunogenicity and was associated with a lower
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immune response. Furthermore, intradermal injections
caused more noticeable reactions, especially erythema
[150]
and edema
. In another clinical trial conducted by
[151]
Klade et al , 50 patients received eight intradermal
IC41-plus-imiquimod vaccinations bi-weekly, and
21 patients received 16 subcutaneous vaccinations
without imiquimod weekly. The first group showed a
statistically significant HCV viral load decline, whereas
no effect on HCV viral load was observed in the
second group. A team in Japan also worked on HCV
peptide vaccines and published their findings in two
[145]
papers
. The first study assessed the functionality
of a “personalized” vaccine containing four CD8+ A24
peptides combined with Freund’s adjuvant in 12 HCV
patients (genotype 1b) who had previously failed in
standard IFN-based therapy. After the first vaccination,
the rest of the vaccinations were carried out with
only those peptides that produced responses in each
participant. Although most patients developed peptidespecific T cell responses after the seventh injection, the
authors observed a dose-dependent decrease in serum
alanine aminotransferase (ALT) and HCV RNA levels
[145]
in only five and three patients, respectively . In the
second study, another peptide vaccine composed of
HCV core region (C35-44) peptides with ISA51, an
emulsiﬁed incomplete Freund’s adjuvant, was shown
to be safe and well tolerated in a phase Ⅰ trial on 25
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HCV non-responder patients. Around 60% of patients
showed an increase in peptide-specific T cytotoxic
responses. Also, a more than 30% improvement in
ALT and a > 1 log reduction in viral load were observed
[152]
in seven and two patients, respectively .
A phase Ⅰ, dose-escalation, placebo-controlled
randomized control trial was performed to assess
a virosome-based peptide vaccine containing NS3
peptides in 30 healthy participants; however, no results
have been released so far (ClinicalTrials.gov Identiﬁer:
NCT00445419).

Recombinant protein vaccines

Recombinant protein vaccines are developed by
isolating the gene(s) encoding the corresponding
protein and cloning it/them in bacteria, yeast, or
mammalian cells. This approach is based on the theory
that an efficient number of viral epitopes can induce
enough immune responses to develop protective
immunity, generally including antibodies and CD4+
T cell responses. Some recombinant proteins are, by
themselves, sufficient for developing a strong immune
response, whereas others require adjuvants. The
advantages of recombinant protein vaccines are that
they do not contain the pathogen or its genetic material
and no organism culture is required.
In 1994, a recombinant heterodimeric E1E2 vaccine
was tested on seven chimpanzees, and sterilizing
immunity against a homologous HCV strain was
[153]
shown in five (Table 1)
. This vaccine was further
tested against persistent infection by homologous and
heterologous HCV strains and offered protection in
[154]
10/12 and 8/9 chimpanzees, respectively
. Puig et
[155]
al
vaccinated two chimpanzees, one naïve and one
recovered from acute HCV infection, with recombinant
HCV E1E2 glycoproteins. High antibody titers to E1E2
in addition to strong T cell proliferative responses
were observed. After challenge with HCV, viremia
was delayed in both vaccinated animals compared to
the non-immunized animals. The naïve chimpanzee
became persistently infected, despite an initial strong
immune responses, and the other chimpanzee had a
significantly shorter and milder viremia compared to
the re-infection of the non-vaccinated animals. Many
other studies evaluating the efficacy of recombinant
HCV vaccines in animals, especially chimpanzees,
achieved similar results, which paved the way for
recombinant HCV vaccine trials in humans (Table
[156-159]
1)
.
The first prophylactic HCV vaccine tested in humans
was a C-terminally shortened recombinant E1 protein
with aluminum hydroxide (alum) adjuvant named
T2S-918/InnoVac-C. This vaccine provoked a higher
antibody response against E1 in healthy volunteers
than in patients with persistent HCV infection. Studies
[160]
on this vaccine, however, were ceased in 2007 (Table 1) .
Another recombinant E1E2 heterodimer vaccine
with MF59C adjuvant was given to 60 healthy subjects
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in three different doses on day 0 and weeks 4, 24,
and 48. Neutralizing antibodies and T cell responses
to E1/E2 were observed in all subjects. Moreover, the
produced antibodies were shown to block CD81, a
major entry molecule for HCV. Although the vaccine
was safe and well tolerated, its usage was hampered
by technical difficulties in E1E2 protein manufacturing
[161]
(Table 1) .
[162]
In 2011, Verstrepen et al
vaccinated four
chimpanzees with either genotype 1b E1 or E2
recombinant with alum adjuvant and observed
antibody responses in all subjects. Only antibodies
against E1, however, were shown to neutralize HCV
pseudo-particles. Furthermore, only chimpanzees
vaccinated with E1 were protected from persistent
hepatitis when challenged with a 1b strain of HCV.
[163]
Drane et al
evaluated a recombinant HCV core
protein vaccine with ISCOMATRIX™ adjuvant. After
satisfying results were obtained in rhesus macaques,
a phase Ⅰ, placebo-controlled, dose-escalation clinical
trial was conducted on 30 healthy volunteers. All
participants except one demonstrated antibodies
against HCV core protein. Despite the induction of
strong CD4+ and CD8+ T cell responses in monkeys, T
cell responses were observed in only two subjects who
received the highest dose of vaccine. T cell cytokines
were detected in all but one of the participants in the
highest dose group.
InnoVAC-C, developed by Innogenetics Company
(Innogenetics NV, Ghent, Belgium), was the first HCV
therapeutic vaccine candidate based on recombinant
E1 protein in alum adjuvant. The vaccine was
administered to 26 of 35 chronically infected HCV
patients (genotype 1) at weeks 0, 4, 8, 12 and 24,
and others received a placebo (alum only). Then, 34
subjects received open-label E1 vaccines at weeks
50, 53, 56, 59, 62 and 65. Twenty-four subjects
underwent liver biopsies before E1 vaccination and
17 mo later. According to Ishak scores, 9/24 patients
(38%) improved two points or more, whereas others
remained stable or their condition was exacerbated.
The increase in anti-E1 specific antibody levels
correlated with the relative decrease in ALT level. A
significant de novo E1 specific T cell response was
[164]
observed in all but three subjects
. Finally, studies
on this vaccine led to a larger, placebo-controlled
trial where 122 chronically HCV infected patients
were randomly chosen to receive four courses of six
injections over 3 years. Vaccination induced anti-E1
humoral and cellular immune responses, but contrary
to earlier findings, the histological progression of liver
[165]
disease was not halted . The Innogenetics company
in Belgium eventually abandoned this HCV vaccine
program in 2008, and no further work has been
[166]
published .
Another therapeutic vaccine, GI-5005, is based on
recombinant core and NS3 proteins of HCV produced
in yeast cells (Saccharomyces cervisiae). Studies of
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in vitro and in vivo models demonstrated the robust
immunogenicity of GI5005. Moreover, GI-5005 was
evaluated in a phase Ⅰ b clinical trial and displayed
[167]
efficacy in patients with chronic HCV infection
.
GI5005 was evaluated in combination with the
standard therapy [pegylated (PEG)-IFN/ribavirin] in
more than 250 chronic HCV-1 patients in a phase
Ⅱ, placebo-controlled trial. Triple therapy was well
tolerated with no increase in withdrawals due to
adverse effects. Moreover, improved early virological
responses were observed in all treated naïve patients
as well as an increase in sustained virological response
[168]
rates in prior non-responder patients .

DNA vaccines

In 2001, the first DNA vaccine was licensed for use to
[169]
protect horses from West Nile virus . The injection of
a plasmid encoding antigenic HCV protein(s) or peptide
epitope(s) resulted in protein expression in vivo, leading
to both humoral and cellular immune responses in
[170-172]
rhesus macaques
. DNA vaccination against HCV
primes periphery T cells, which subsequently enter the
liver and help clear the infection. Unfortunately, the
initial success with the DNA vaccination in mice did
not continue in humans, possibly because as the size
of the immunized host increases, the efficacy of DNA
[173,174]
uptake and gene expression decreases
. DNA
vaccine includes the nucleotides encoding an antigenic
portion of the virus, such as the viral core region or
envelope region. The DNA vaccine is taken up by the
host cell, transcribed, and translated to yield proteins.
These proteins are processed via the endogenous
MHC class 1 pathway and promoted via cell-mediated
immunity (CMI). The first DNA-based vaccine to
reach clinical trial for HCV infection was CIGB-230,
which contained a mixture of Core/E1/E2-expressing
plasmid with HCV core protein. The phase Ⅰ trial of this
vaccine resulted in neutralizing antibody and HCV core
speciﬁc T cell responses in the majority of patients.
Furthermore, nearly half of the vaccinated individuals
developed an improvement in liver histology with a
[175]
reduction in fibrosis, even though viremia persisted .
Another clinical trial for CIGB-230 on 15 chronic HCV
patients who were non-responsive to IFN treatment
indicated that six patients developed weak de novo
neutralizing antibody responses, and only one patient
[176]
had a drop of > 1 log10 in viral load .
Due to the heterogeneity of HCV subtypes, a DNA
vaccine including the most conserved regions (NS3
and NS4a) was designed. Through extensive codon
modiﬁcation, the DNA was effectively expressed in
vivo and prime T helper cell type 1 (Th1) and CD8+
[177,178]
CTL responses in transgenic mice models
. This
vaccine, named ChronVac-C and generated by the
Tripep Company of Sweden, was the second DNAbased HCV vaccine to reach a human trial, and
it was given to 12 chronic HCV patients through
intramuscular electroporation. Initial results suggested
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safety and immunogenicity of vaccine. Two out of three
patients receiving the highest dose showed a decrease
in serum HCV RNA. Also, three patients who were
under standard IFN-based therapy had an accelerated
viral load clearance. Therefore, a treatment combining
ChronVac-c with the standard IFN-based therapy was
[179]
proposed for chronic HCV patients
. This vaccine
is now in phase Ⅱ clinical trials for HCV infection
(ClinicalTrials.gov Identiﬁer: NCT01335711).
The nonstructural protein 3 (NS3) of the HCV, an
attractive candidate for use in HCV vaccination, plays an
important role in the viral life cycle while simultaneously
interfering with the host defense system. The serine
protease of NS3 cleaves the mitochondrial antiviral
signaling proteins, thereby blocking IFN-β produc
[180-183]
tion
. NTPase/RNA helicase activities of NS3
may interfere with cellular RNA helicase-mediated
functions, such as DNA replication, RNA transcription,
[183,184]
and other cellular phenomena
. To overcome
[185]
this challenge, Ratnoglik et al
constructed a series
of DNA vaccines that express NS3 of HCV but with
mutations to the catalytic triad of the serine protease
and the NTPase/RNA helicase domain to eliminate the
problems mentioned above. Immunization of BALB/c
mice with resultant DNA vaccine candidates induced T
cell immune responses similar to those induced by the
wild type NS3 or NS3/4A complex.

Viral vectors expressing HCV genes

The main idea for vector-based vaccines is the use of
manipulated viruses to deliver foreign genetic material
to mammalian cells. Viruses can enter cells and
express desired genes within the host while becoming
non-pathogenic and non-replicative by deleting specific
genes. Compared to peptide vaccines, vector-based
vaccines introduce a broader range of viral epitopes
and are presented through the MHC-I pathway and
[186]
induce broader CD4+ and CD8+ T cell responses .
Adenoviral (Ad) vectors are the most used viral vectors
for T-cell priming in non-human primates (NHPs) and
[187]
humans
. Studies of HIV vaccination on rodents
and NHPs established the use of Ad vectors as the
most efficient approach to prime cytotoxic T cell
[188]
responses
. Ad vaccines can stably express large
foreign genes, remain outside the host’s chromosome,
and become replication defective by deleting the E1
[186,189]
locus
. However, one major drawback to using
Ad vectors is a pre-existing immunity to them that
results in vector clearance prior to induction of the
desired immune response. To overcome this problem,
rare subtypes, non-human adenoviruses (which are
harmless to humans), or adenoviruses with altered
[187]
surface proteins are used .
An Ad6-based vaccine, encoding the NS3, NS4A,
NS4B, NS5A, and inactivated NS5B, was capable of
inducing strong and specific T-cell responses against
[190]
NS antigens of HCV in mice and rhesus macaques .
Okairos, Inc. (Rome, Italy) further investigated
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this vaccine by testing it on five chimpanzees. Four
chimpanzees showed protective levels after being
challenged with a heterologous HCV virus via the
[191]
induction of cross-reactive cellular responses . After
the safety of the Okairos vaccine was confirmed in
[192]
a phase Ⅰ study
, another trial was directed, but
no results have been published yet (ClinicalTrials.gov
Identifier: NCT01070407).
Based on the strength of this preclinical data,
[193]
Barnes et al
conducted a phase Ⅰ clinical trial to
assess chimpanzee Ad3 (ChAd3) and Ad6 vectors in
36 healthy volunteers and found that both vaccines
induced specific T cell responses against multiple HCV
proteins. These responses were capable of recognizing
heterologous HCV strains (genotypes 1A and 3A).
However, the vaccine was not as effective as predicted
from the results in rhesus macaques, possibly due to
higher levels of cross-reactive antibodies against Ads
[193,194]
in humans
.
Another approach in developing vector-based
vaccines is the use of modiﬁed vaccinia Ankara (MVA)
viruses to encode HCV speciﬁc genes. They are a
highly attenuated poxvirus strain used in several
vaccine designs for various conditions, including
colorectal cancer, tuberculosis (TB), HIV, and
[195-198]
melanoma
. The MVA genome is incapable of
integrating into the host genome, as its life cycle takes
place entirely in the host cytoplasm. Its use is more
efficient than Ad-based vectors due to minimal pre[199,200]
existing anti-MVA immunity
.
The Transgene Company vaccinated chimpanzees
with a heterologous prime-boost regimen with DNA
and MVA encoding core, E1, E2, and NS3 genes (Table
[201]
1)
. Immunization induced strong HCV speciﬁc
CD4+ and CD8+ T cell responses. In addition, all
animals receiving prime-boost vaccines achieved high
HCV-speciﬁc antibody titers, whereas those receiving
the DNA prime alone did not. When challenged
with a heterologous strain of HCV, three out of four
[201]
chimpanzees developed chronic infection .
An MVA-based vaccine encoding HCV NS3, NS4,
and NS5B genes was able to induce strong longlasting cross-reactive HCV speciﬁc helper and cytotoxic
T cells in HLA-A2.1 and HLA-B7.2 transgenic mice. An
additional dose of vaccine given after 6 mo boosted
these responses, suggesting that the vaccine can
[202]
induce effective memory T cells . This vaccine, also
called TG4040, was evaluated in a dose-escalation trial
of 15 chronically infected HCV patients. Results showed
that six patients had a decline in HCV viral load (0.5-1.4
log10) that was associated with a significant CD8+
[203]
T-cell response . A phase Ⅱ trial using the TG4040
vaccine in combination with standard PEG-IFN and
ribavirin therapy has been completed, but no results
have been published yet (ClinicalTrials.gov Identifier:
NCT01055821).
Vector-based vaccines with strategies using neither
modiﬁed vaccinia Ankara viruses nor adenoviruses
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are also under development. A study in HLA-A2.1transgenic mice used the canary pox virus as a viral
vector of two plasmids coding the entire HCV genome
to boost the primary immunization with HCV DNA
vaccine. Two months after a canary pox virus boost,
strong cellular immune responses to HCV proteins
[204]
were observed
. Another study evaluated the
canary pox virus as a viral vector to boost the primary
immunization with DNA vaccine. The results were
similar to those previously discussed and revealed
the potential for the canary pox virus as a viral vector
[205]
for HCV vaccination
. Youn et al transdermally
immunized four chimpanzees with recombinant
vaccinia viruses expressing HCV genes developed by
[206]
Marion Perkus at Virogenetics Inc. . Upon challenge
with infective doses of homologous HCV, two control
chimpanzees that received only the parental vaccinia
virus, developed chronic HCV infections, whereas the
immunized animals developed strong IFN-γ-producing
T cell responses and moderate T cell proliferative
[207]
responses .

HCV-like particles

HCV virus-like particles (VLP) are safe and easily
manufactured vectors for gene delivery that closely
resemble the mature HCV structure. Therefore, it is
possible to induce neutralizing antibodies and T cell
responses against many epitopes using a single VLPbased vaccine. Their usage has been licensed for other
viral infections, such as the hepatitis B virus (HBV)
[208-210]
and human papillomavirus (HPV)
. Baumert et
[211]
al
generated HCV-like particles (HCV-LPs) in insect
cells using a recombinant baculovirus containing the
complementary DNA for HCV structural proteins.
Structural and antigenic compositions of HCV-LPs were
similar to the original HCV, and after testing in mice,
it was capable of inducing immune responses against
[212]
various epitopes of HCV
. Another study showed
the superior immunogenicity of the HCV-LP-based
vaccine compared with the DNA vaccine in transgenic
[213]
HLA2.1 and BLAB/c mice . This vaccination approach
was also tested on a NHP model - baboons. All 12
animals developed broad and long-lasting HCV-specific
humoral and cellular immune responses. Adjuvants
only marginally enhanced the immunogenicity of the
[214]
HCV-LP based vaccine
. Four chimpanzees were
also immunized with HCV-LPs, and they all developed
HCV-specific T cell and proliferative lymphocyte
responses against core, E1, and E2 proteins. After
encountering an infectious HCV genotype, one
chimpanzee developed transient viremia and the other
three exhibited higher levels of viremia, but their viral
levels became unquantifiable after 10 wk. Four naïve
chimpanzees were also challenged with the same HCV
[215]
genotype, and three developed persistent infections .
No results of human clinical trials testing HCV-like
particles have been published to date.
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Other strategies

[216]

Gowans et al
developed a novel peptide delivery
system using autologous monocyte-derived DCs. In a
phase Ⅰ dose-escalation clinical trial of HCV patients,
DCs were loaded and activated ex vivo with HCVspecific HLA-A2 restricted T cell epitope peptides. All
six patients who received the vaccine exhibited weak
de novo HCV-specific CD8+ T cell responses. However,
the T cell responses were not continuous, and no
change was observed in HCV RNA, anti-HCV antibody,
or circulating cytokine levels.
An oral immunization method was introduced
using attenuated Salmonella typhimurium as a carrier
for delivery of HCV DNA to the lymphoid tissue of
the gastrointestinal tract. Vaccination of HLA-A2.1
transgenic mice induced T cell specific responses in
86% of mice that continued for a minimum of 10
[217]
mo . Another oral delivery approach was developed
using attenuated salmonella carrying a plasmid coding
HCV core and E2 proteins. Vaccination of BLAB/c mice
induced cellular immune responses and antibodies
[218]
against HCV core and E2 proteins
. Batdelger et
[219]
al
evaluated the efficacy of V-5 immunitor tablets,
comprising heat-inactivated HCV antigens from HBV
and HCV infected donors’ blood in 10 chronically
infected HCV patients. All of the analyzed patients
receiving a daily dose of this therapeutic vaccine tablet
showed decreased liver enzymes after 1 mo. Moreover,
no adverse side effects were observed. However,
larger scale and longer studies are required to further
evaluate this method and its safety and efficacy.
Plant-based vaccines are another novel approach
for developing an easily producible and inexpensive
HCV vaccine. The tobacco mosaic virus (TMV) was
engineered to encode a chimeric protein containing E2
hyper variable region 1 (HVR1) protein and C-terminal
of the B subunit of cholera toxin (CTB). Plants infected
with this genetically engineered TMV produced the
HVR1 peptide fused to the CTB. HVR-1 specific
antibodies acquired from HCV infected individuals
reacted with plant-derived HVR1/CTB. Moreover, the
intranasal immunization of mice with plant-derived
HVR1/CTB chimeric protein induced both anti-CTB and
[220]
anti-HVR1 serum antibodies
. Another attempt at
plant-based vaccines used an engineered cucumber
mosaic virus (CMV) expressing a HCV 27-amino acid
synthetic peptide. Rabbits fed engineered CMV-infected
lettuce plants exhibited an HCV-specific humoral
[221]
immune response .
Chimeric HBV/HCV vaccines are based on the fact
that the HBV surface antigen is a safe VLP-forming
delivery system that can carry various antigens,
[222]
including HCV envelope proteins
. In 1999, Wu et
[223]
al
fused truncated HCV core protein (HCc) with the
HBV virus and compared its immunogenicity to HCV
core protein alone in the sera of HCV-infected patients.
The fused antigens exhibited antigenicity to both HBV
and HCV, whereas HCc alone resulted in antigenicity
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to HCV. They tested the chimeric protein in rabbits and
mice as well and concluded that chimeric protein is
more immunogenic than HCc alone. In another study,
HBV core protein (HBc) was fused with HCc or HCV
NS3. The purified HBc/HCc and HBc/HCV NS3 were
tested in mice. Both induced high humoral and cellular
responses to HBV core protein. HBc/HCc led to low
antibody and T cell responses to HCV core protein,
whereas HBc/HCV NS3 induced higher levels of
antibodies and no T cell responses to the NS3 epitope
[224]
of HCV . Chiron Corp. also invented a chimeric HBV/
HCV vaccine using HCV envelope proteins fused with
[225]
HBsAg
. Another chimeric vaccine was developed
by replacing the N-terminal transmembrane domain
of HBV surface antigen with the transmembrane
domain of HCV E1 or E2 glycoproteins from genotype
1a. The chimeric particles were produced in the stably
transduced ovary cells of Chinese hamsters and were
used to vaccinate New Zealand rabbits. Vaccination
resulted in a strong specific humoral response against
both HBV and HCV envelope proteins. Induced
antibodies were also able to neutralize HCV pseudo
particles derived from heterologous HCV 1a, 1b, 2a,
and 3 strains. Furthermore, responses against HBV
were equivalent to those induced by the conventional
[226,227]
HBV vaccine
. No clinical trials in chimpanzees or
humans have evaluated such chimeric vaccines thus
far.

CONCLUSION
This review focused on the development of different
types of vaccines against HCV. The arms of the host
immune system that are involved in the eradication of
the virus were reviewed as well.
Different methods, including peptide, recombinant
protein, DNA, vector-based, and VLPs, are currently
used to develop and produce HCV vaccines. Peptide
vaccines are the leading cause of HCV specific T cell
responses. One associated problem is the high rate
of genetic variation in viruses within populations and
geographic regions. Recombinant protein vaccines are
produced by specific gene(s) encoding the immune
dominant protein(s). Viral epitopes are the leading
cause of immune responses to develop protective
immunity, generally including antibodies and CD4+ T
cell responses. Vector-based vaccines are manipulated
viruses that deliver foreign genetic material to
mammalian cells. Viruses can enter cells and express
desired genes within the host while becoming nonpathogenic and non-replicative by deleting specific
genes. HCV VLPs are safe and easily manufactured
vectors for gene delivery that closely resemble the
mature HCV structure.
The challenge for the development of an efficient
vaccine with relatively low side effects is still yet to
be overcome. Although significant steps have been
taken in accomplishing this goal, no promising results
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have been achieved to date. In part, this depends
on the current understanding of the interaction of
the virus and the host. Therefore, a more thorough
understanding of the host immunity in the context of
HCV infection is expected to lead to better results. Of
course, other areas of biomedical sciences can greatly
contribute to these studies. For instance, providing a
suitable animal model for preliminary studies of the
newly designed vaccines is crucial.
An effective vaccine against HCV may need to
target another cellular process for HCV entry and
release or may need to target another sequence of
the virus genome. However, due to the high HCV
mutation rate, that is not necessarily the best option. A
balance between its efficiency in targeting a sequence
that can inhibit further growth and a sequence that
is highly conserved among different HCV genomes
must be found. Alternatively, an efficient vaccine
may target several cellular and molecular processes
simultaneously. Vaccines may also be accompanied by
different adjuvants to increase their efficiency rates.
Moreover, other approaches may rely on using other
targets, e.g., targeting mRNAs by using synthetic
interfering RNAs, such as microRNAs and small
interfering RNAs.
In addition to attempts to develop vaccines,
integrated programs should be carried out to study
their effects in individuals; for instance, in which
intervals of injection (in case of several infections),
in which age group or sex, and with which genetic
background, especially regarding HLA types and
genotype variations in different positions of cytokine
genes, is it more efficient.
Another seemingly important fact is the relative
danger of exposure to HCV or its related particles
during studies. This requires laboratories with high
safety levels, which may not be readily available
everywhere, and this can reduce the pace of studies on
HCV. It is expected that ongoing studies will eventually
lead to the development of more reliable vaccine
types, and this, in turn will reduce worldwide incidence
and prevalence rates of HCV infection.
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Abstract
Hepatocellular carcinoma (HCC) is an increasing health
problem, representing the second cause of cancerrelated mortality worldwide. The major risk factor
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for HCC is cirrhosis. In developing countries, viral
hepatitis represent the major risk factor, whereas in
developed countries, the epidemic of obesity, diabetes
and nonalcoholic steatohepatitis contribute to the
observed increase in HCC incidence. Cirrhotic patients
are recommended to undergo HCC surveillance by
abdominal ultrasounds at 6-mo intervals. The current
diagnostic algorithms for HCC rely on typical radiological
hallmarks in dynamic contrast-enhanced imaging, while
the use of α-fetoprotein as an independent tool for HCC
surveillance is not recommended by current guidelines
due to its low sensitivity and specificity. Early diagnosis
is crucial for curative treatments. Surgical resection,
radiofrequency ablation and liver transplantation are
considered the cornerstones of curative therapy, while
for patients with more advanced HCC recommended
options include sorafenib and trans-arterial chemoembolization. A multidisciplinary team, consisting of
hepatologists, surgeons, radiologists, oncologists and
pathologists, is fundamental for a correct management.
In this paper, we review the diagnostic and therapeutic
management of HCC, with a focus on the most recent
evidences and recommendations from guidelines.

Core tip: Hepatocellular carcinoma is an increasing
health problem, representing the second cause of
cancer-related mortality worldwide. The major risk
factor for hepatocellular carcinoma (HCC) is cirrhosis.
Early diagnosis is crucial for curative treatments. As a
consequence, patients at risk of developing HCC should
undergo surveillance programs in order to detect HCC
in the initial stage. Surgical resection, radiofrequency
ablation and liver transplantation are considered the
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cornerstones of curative therapy, while for patients with
more advanced HCC recommended options include
sorafenib and trans-arterial chemo-embolization.
Bellissimo F, Pinzone MR, Cacopardo B, Nunnari G. Diagnostic
and therapeutic management of hepatocellular carcinoma. World
J Gastroenterol 2015; 21(42): 12003-12021 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i42/12003.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i42.12003

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related deaths worldwide. More
than 700000 new cases are diagnosed every year
throughout the world and high incidence to mortality
ratio (1.07) makes HCC the second most common
[1]
cause of cancer-related deaths worldwide .
Although the majority of cases occur in Asia
and Africa, the incidence has increased even in the
developed world. The geographical variation in the
incidence of HCC is mostly related with the different
prevalence of major risk factors for HCC, such as
hepatitis C virus (HCV) and hepatitis B virus (HBV)
[2]
infection . In developed countries, the epidemic of
obesity, diabetes and nonalcoholic steatohepatitis
(NASH) is also believed to contribute to the observed
[3]
increase in HCC incidence . However, the overriding
risk factor for HCC, which is responsible for HCC
in 80%-90% of cases regardless of etiology, is the
[4,5]
presence of cirrhosis .
By recognizing the risk factors for HCC, highrisk groups can be identified and followed up with
screening strategies. In fact, the management of highrisk patients with screening and surveillance has the
real potential to detect HCC early and improve patient
outcomes. When HCC is detected earlier, patients are
candidates to receive curative treatments.
In this paper, we review the diagnostic and
therapeutic management of HCC, with a focus on the
most recent evidences and recommendations from
guidelines.

DIAGNOSIS
Hepatic nodules can be detected on Ultrasounds (US),
including contrast-enhanced US (CEUS), or on other
noninvasive techniques, such as contrast-enhanced
computerized tomography (CT), magnetic resonance
imaging (MRI) and positron emission tomography
(PET)-CT. The typical vascular profile of HCC on
dynamic imaging is characterized by early arterial
phase enhancement followed by loss of enhancement
in the portal venous phase and delayed phase in
[6]
comparison to the surrounding liver .
Moreover, molecular biomarkers could potentially
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be used for diagnosis, as well as prognostic evaluation
and may help defining the individualized therapeutic
approach to HCC. Figure 1 illustrates the diagnostic
algorithms endorsed by the American Association for
[7]
the Study of Liver Diseases (AASLD) .

US

Early diagnosis of HCC is important because, as
expected, treatment is more effective when the tumor
[8-10]
is small
. Dysplastic nodules (DNs) may develop
[11]
into carcinoma . Early detection of DNs with small
areas of HCC is fundamental for effective treatment.
Cirrhotic patients are recommended to undergo
HCC surveillance by abdominal US at 6-month intervals.
However, the diagnosis of small HCC nodules may
be challenging, as it is often difficult to differentiate
benign from malignant lesions in the context of nodular
cirrhosis; moreover, US depends on the operator and
has limited sensitivity in obese patients. On the other
hand, US is less expensive than other techniques and
is radiation-free.
For HCC, a stepwise process of carcinogenesis
has been proposed, involving a progression from
regenerative nodules (RNs) to low-grade DNs or highgrade DNs to DNs with a focus of HCC and finally to
HCC. This progression has been suggested to correlate
with changes in the blood supply and perfusion of the
nodules, which may be used to differentiate focal liver
[8,12-14]
lesions
. Recently, SonoVue, a blood-pool marker
used in CEUS, has been reported to help distinguishing
RNs from small HCC based on the different enhan
[15-18]
cement pattern
. RN has an intranodular blood
supply that is similar to the surrounding paren
chyma. On the other hand, HCC usually exhibits an
enhancement pattern in the arterial phase and wash
[19-26]
out in the late phase
. DN-HCC nodules have a
mixed enhancement behavior, as they are composed
of two different cells, high-grade HCC and atypical
hepatic cells and their enhancement features are
[27]
partially similar to HCC and partially similar to RNs .
Of interest, CEUS has been suggested to promote the
diagnostic accuracy of biopsy, decreasing the falsenegative rate for malignant lesions. In fact, CEUS
[27]
may be used to identify the areas of viable tumor .
A biopsy of DN-HCC without CEUS guidance is more
likely to give false-negative results, significantly
affecting the possibility to early detect and treat HCC.

CT

CT is largely used in most centers to make the
radiological diagnosis of HCC after a liver nodule
is detected on US. Most centers use a four-phase
multidetector CT (MDCT) scan, which consists of a
non-enhanced phase, an arterial phase (which occurs
20-30 s after contrast injection), a portal venous phase
(6580 s after contrast injection) and a delayed phase.
On the four-phase CT, HCC classically appears as a
hyper-attenuated lesion in the arterial phase, with loss
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Repeat US at
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4-phase MDCT/dynamic
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Other contrast
enhanced study
(CT or MRI)
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Figure 1 American Association for the Study of Liver Diseases diagnostic algorithm for suspected hepatocellular carcinoma (adapted from[7]). CT:
Computed tomography; MDCT: Multidetector CT; MRI: Magnetic resonance imaging; US: Ultrasound; HCC: Hepatocellular carcinoma.

of enhancement termed rapid washout in the portal
venous and/or delayed phase. CT has high specificity
but variable sensitivity for detecting HCC. In a
systematic review, traditional spiral CT was reported to
have a specificity of 93% but a sensitivity of only 68%
in diagnosing HCC. A more recent review assessing the
diagnostic accuracy of the 64-slice MDCT technology
vs spiral CT found improved sensitivity (65%-79%
compared to 37%-54%), with similar specificity (above
[28]
90%) . However, sensitivity dropped to 33.45% for
nodules smaller than 1 cm.

improve the sensitivity of MRI for HCC, including the
“dual contrast” agents (gadolinium-ethoxybenzyldiethylenetriaminepentaacetic acid and gadobenate
dimeglumine), which work both as markers of hepato
biliary excretion and vascularization. HCC nodules
imaged with these contrast agents do not exhibit
[37]
uptake, unlike benign nodules on the delayed phase .
While it appears performing similarly to MDCT for
lesions larger than 2 cm, enhanced MRI might be more
[38]
sensitive for lesions smaller than 1 cm .

Nuclear imaging

MRI

18

MRI is an appealing imaging technique, since it does
not use ionizing radiation. MRI allows the differentiation
between tumoral and normal liver parenchyma using
[29]
magnetic fields, even without a contrast media .
Traditional dynamic contrast-enhanced MRI of the
liver is performed using gadolinium chelates. In
gadolinium-enhanced MRI, the typical HCC lesion
is hyper-intense on T1-weighted images during the
arterial phase and exhibits rapid washout during portal
[12,30,31]
venous and delayed phases
. The sensitivity of
standard gadolinium-enhanced MRI is around 90%,
with a specificity of at least 95% for the detection
[32]
of HCC greater than 2 cm in diameter . Dynamic
MRI appears superior to CT for the detection of HCC
[33,34]
nodules
, but its sensitivity is highly affected by the
lesion size, being as low as 30% in the case of lesions
[35,36]
smaller than 2 cm
.
Specific contrast agents have been developed to
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Both F-FDG and 11C-acetate PET imaging have been
[39-41]
used for HCC detection and staging
. However,
18
up to 40%-50% of HCC are not sensitive to F-FDG
PET, because of their high expression of the glucose6-phosphatase enzyme, which prevents intracellular
18
[39]
accumulation of F-FDG . On the other hand,
11C-acetate, which is believed to mainly participate in
fatty acid synthesis in the liver, has been suggested to
have increased sensitivity and specificity in comparison
18
[39,41,42]
to F-FDG
. However, several studies have
reported that 11C-acetate PET does not properly
[41,43-45]
differentiate HCC from benign lesions
, because
the latter also accumulate 11C-acetate. Some recent
[41,44-47]
studies
have suggested dynamic PET with
kinetic modeling to be a promising tool to differentiate
benign hepatic tumors from HCC.

Biomarkers

α-fetoprotein (AFP) is the most widely used and

12005

November 14, 2015|Volume 21|Issue 42|

Bellissimo F et al . Management of HCC
broadly known biomarker for HCC, but its use as
an independent tool for HCC surveillance is not
recommended by current guidelines due to its low
sensitivity and specificity. In the past, a significant
concentration of AFP in the serum of a patient with
liver cirrhosis and a suspicious mass in the liver larger
[48]
than 2 cm was sufficient to diagnose HCC . However,
the current diagnostic algorithms endorsed by the
AASLD and the European Association for the Study of
the Liver strictly rely on typical radiological hallmarks
in dynamic contrast-enhanced imaging apart from
[7,48,49]
biomarkers
.
Three serum biomarkers have been suggested
as tools to determine the risk of liver cancer in highrisk populations worldwide: AFP, the ratio of lecithinbound AFP to total AFP (AFP-L3), and des-gammacarboxyprothrombin (DCP). However, most studies
on the performance of biomarkers in HCC detection
have not been performed in a surveillance setting
but compared levels of predefined biomarkers in
patients with HCC with a control group, in most cases
represented by patients with chronic liver diseases.
A randomized controlled study performed in a highrisk population in China showed that screening by
AFP measurement led to earlier diagnosis of HCC but
[50]
had no impact on mortality . On the other hand,
semiannual screening for HCC by AFP measurement
in a population-based study in Alaska was effective
in detecting HCC at early stages and significantly
[51]
prolonged survival rates .
A meta-analysis on the performance of AFP in
diagnosing HCC included seven studies and revealed
a pooled sensitivity of 66% with a specificity of 86%
[52]
[area under curve (AUC) = 0.87] . In a further metaanalysis including ten studies the pooled sensitivity
of AFP for the diagnosis of HCC was 51.9%, with a
[53]
specificity of 94% (AUC = 0.81) . A major drawback
of AFP as a surveillance tool is that serum levels
are influenced by the activity of the underlying liver
disease and therefore increased in patients with
elevated alanine aminotransferase (ALT) levels, even
[54]
in the absence of HCC, as shown in the HALT-C trial .
Furthermore, HCC biology is quite heterogeneous,
with only a proportion of patients with HCC having
elevated AFP serum levels, leading to low sensitivity
of the marker. As a consequence, new complementary
markers have been studied. The clinical utility of highsensitivity AFP-L3 (hs-AFP-L3) in early prediction of
HCC development in patients with chronic HBV or HCV
infection was recently evaluated in a large Japanese
study. Even in subjects with low AFP levels and without
suspicious ultrasound findings, an elevation of hsAFP-L3 was an early predictor of HCC development:
in fact, hs-AFP-L3 increased in 34.3% of patients one
[55,56]
year prior to diagnosis of HCC
. Numerous studies
have investigated the performance of other markers,
[57]
including α-l-fucosidase , glypican-3 (GPC-3), insulin[58]
like growth factor , vascular endothelial growth factor
[59]
(VEGF), or Dickkopf-1 , Golgi protein 73 (GP73),

WJG|www.wjgnet.com

interleukin-6 (IL-6) and squamous cell carcinoma
[60]
antigen (SCCA) . In a study comparing 144 patients
with HCC to 152 patients with cirrhosis and 56
healthy controls, GP73 had a sensitivity of 62% and a
[61]
specificity of 88% at a cut-off of 10 relative units .
Another study, including 4217 subjects (789 with
HCC), revealed a sensitivity of 74.6% and a specificity
[62]
of 97.4% at a cut-off of 8.5 relative units . Using
different cut-off values, IL-6 sensitivity ranged from
[60,63,64]
46% to 73% with a specificity of 87% to 95%
;
in a large study including 961 patients, SCCA had a
sensitivity of 42% and specificity of 83% using a cut[60,65]
off of 3.8 ng/mL
.
Serum IL‑17 levels have been reported to be ele
[66]
vated in HCC patients . In a retrospective study, Liu
[67]
et al
found that plasma IL-17 concentration had a
sensitivity of 74.3% and specificity of 75.6% (AUC =
0.86) at the cut‑off value of 4.23 ng/L; however, the
diagnostic accuracy of IL-17 was lower than AFP, which
had a sensitivity and specificity of 100% and 66%
respectively, at the cut‑off value of 10.25 mg/L (AUC =
0.96).
Osteopontin, an integrin-binding glycol-phos
phoprotein, was investigated in seven studies sum
[52]
marized in a meta-analysis . The pooled sensitivity
of osteopontin for HCC was 86% with a specificity of
86%, showing a diagnostic accuracy similar to that of
AFP; however, further validation studies are needed
before recommending the use of this biomarker in
clinical practice.
Some studies have investigated the combined
diagnostic performance of the three more validated
non-invasive biomarkers used in HCC, namely AFP,
AFP-L3 and DCP. By comparing 164 European patients
with HCC to 422 subjects with chronic liver disease,
a significant increase in AFP serum levels was shown
in those with advanced HCC and viral hepatitis, while
DCP was more frequently elevated in those with
early-stage and NASH-associated HCC. Neither of the
two parameters, if taken alone, could independently
identify more than 30% of patients with HCC but
combination of AFP (cut-off 10 ng/mL) and DCP (cut-off
5 ng/mL) showed a sensitivity of 55% for early stage
[68]
HCC and 78% for all stages . A further increase
in sensitivity (up to 84%) was observed by adding
[69]
AFP-L3 . The additional use of clinical variables, like
age and gender, further improved the performance of
[70,71]
the model
.
A number of signal transduction pathways have
been recognized as critical players in the patho
physiology of hepatocarcinogenesis, including the
Wnt/β-Catenin pathway, the p53 pathway, the tumor
suppressor retinoblastoma protein pRb1 pathway, the
mitogen-activated protein kinase pathway, the Ras
pathway, JAK/STAT signaling, mechanisms of cellular
stress response, like heat shock proteins, epidermal
growth factor receptor and transforming growth
[72,73]
factor-β signaling
.
Gene expression profiling of peripheral blood mono
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nuclear cells using microarrays and bioinformaticsdriven data analysis identified a blood-based signature
of three genes, namely Chemokine (C-X-C motif)
receptor 2 (CXCR2), C-C chemokine receptor type
2 (CCR2) and E1A Binding Protein P400 (EP400),
able to predict HCC with a sensitivity of 93% and a
[74]
specificity of 89% . High-throughput metabolomics
technology with the comprehensive analysis of small
molecular metabolites may identify serum metabolic
profiles to be used as biomarkers in HCC diagnosis.
Molecular signatures may help to distinguish dysplastic
nodules from well-differentiated HCC. In Asian and
Western patients with HCV infection, specific gene
signatures have been reported to accurately reflect the
pathological progression of disease from cirrhosis to
[75,76]
dysplasia to early and advanced HCC
. Moreover,
a three-gene set including glypican3 (GPC3; 18-fold
increase in HCC, p = 0.01), LYVE1 (12-fold decrease in
HCC, p = 0.0001) and surviving (2.2-fold increase in
HCC, p = 0.02) had an accuracy of 94% to distinguish
[77]
DNs from early HCC in HCV-related cirrhosis . Heat
shock protein 70 and cyclase-associated protein 2 are
other tissue biomarkers potentially useful to in the
[78,79]
diagnosis of HCC
.
As for novel biomarkers, microRNA (miRNA) have
[80]
received particular attention . miRNAs are small noncoding and evolutionary conserved RNA molecules
that serve as posttranscriptional regulators of mRNA
expression and interfere with mRNA translation to
[81]
protein . miRNAs are able to conserve their function
into the cell by regulating the expression of a target
population of molecules; moreover, they can be
released from the cell both in combination with other
[82-88]
proteins or as a free molecule
.
Differences in miRNA expression patterns in
several malignant conditions, including HCC, have
[89-91]
been found
. In particular, three miRNAs, miR-122,
miR-192 and miR-199a/b-3p, account for more than
[91]
70% of total miRNA released by normal liver tissue .
In HCC, a broad spectrum of changes in microRNAoma
[91-94]
has been reported
, suggesting that miRNAs
may potentially become valid biomarkers in HCC. To
improve the diagnostic utility of miRNAs in HCC, Li et
[95]
al
performed deep sequencing in pooled samples
from patients with chronic HBV patients, HCC and
controls with and without cancer. They recognized a
pattern of 6 miRNA differentially expressed in patients
with HCC. The use of three miRNAs (miR-25, miR-375
and let7f) had a sensitivity of 97.9% and a specificity
of 99.1% to discriminate between controls and HCC
patients. Of interest, the use of two miRNAs (miR10a and miR-125b) could adequately discriminate
the cohort with chronic HBV and HBV-associated
HCC with an AUC of 99.2% (sensitivity 98.5% and
[95]
specificity 98.5%) . In another study, a panel of 7
miRNAs (miR-122, miR-192, miR-21, miR-223, miR26a, miR-27a and miR-801) provided a high diagnostic
[96]
accuracy for the identification of HBV-related HCC ,
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with a sensitivity of 81.8% and a specificity of
83.5%, independently of disease stage. However, the
expression of selected miRNA was analyzed using RTPCR, which may be critical for clinical translation of
[96]
these findings . miR-21, which is the most frequently
deregulated miRNA in cancer, was found at higher level
[97,98]
both in sera and plasma of HCC patients
, while
[99,100]
other studies showed no significant differences
.
Similarly, miR-122, the most abundant miRNA in
the liver, was also found at high level in sera of HCC
[98,99]
patients
. Other inflammatory conditions of the
liver, such as acute and chronic hepatitis and NASH
[101,102]
may strongly influence miR-122 levels
. In this
setting, further studies are required to establish the
capability of these biomarkers to discriminate between
chronic liver diseases and HCC.

STAGING
A number of staging systems have been used for
HCC, even if the Barcelona Clinic Liver Cancer (BCLC)
staging system is the most extensively used in clinical
practice. BCLC staging system includes the evaluation
of tumor stage, cirrhosis stage, functional performance
status (PS) and it links staging with a treatment
[103]
algorithm
. Moreover, the BCLC staging system
was endorsed by both the American and European
liver society and validated in European and American
[104,105]
cohorts
.
Early stage HCC (stage 0) has the best prognosis
and is characterized by the presence of one lesion
smaller than 2 cm in diameter, with no evidence of
vascular invasion, in patients with stable cirrhosis
(Child-Pugh class A).
Patients with stage A HCC could present with either
a solitary lesion or up to three lesions of less than 3 cm
in diameter. These patients have relatively preserved
liver function (Child-Pugh class A or B) and good
functional status (PS 0-2). The 5-year survival rate is
50%-75%; as reported in Figure 2, treatment may be
different based on the presence of portal hypertension,
the degree of liver dysfunction and other comorbidities.
Patients with intermediate stage HCC (stage B)
have Child-Pugh class A or B cirrhosis, good functional
status (PS 0) and multinodular HCC, with no evidence
of vascular invasion. Patients with evidence of vascular
invasion or extra-hepatic spread have advanced stage
HCC (stage C). These patients typically have worse
functional status (PS 1 or 2).
Patients with terminal stage HCC (stage D) present
with decompensated cirrhosis (Child-Pugh class
C), poor functional status (PS > 2), and advanced
tumor growth (vascular invasion and/or extra-hepatic
spread). Unfortunately, these patients receive no
benefit from the currently available therapies, and
survival is usually around 3 mo. Figure 2 illustrate the
BCLC staging system and treatment strategies for
HCC.
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HCC

Stage A-C
PS 0-2, Child-Pugh A and B
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PS 0, Child-Pugh A

Stage D PS > 2,
Child-Pugh C

Terminal stage (D)

Very early stage (0)
Single < 2 cm

Early stage (A)
Single or 3 nodules
< 3 cm, PS 0

Single

Intermediate stage
(B)
multinodular, PS 0

Advanced stage (C)
Portal invasion, N1,
M1, PS 1 and 2

3 nodules ≤ 3 cm

Portal pressure/bilirubin

Associated diseases

Increased

Normal

Resection

No

Liver transplantation

Yes

RFA

TACE

Curative treatments

Sorafenib

Symptomatic
treatment

Palliative treatments

Figure 2 Barcelona Clinic Liver Cancer staging system and treatment strategy for hepatocellular carcinoma (adapted from Ref. [49]). M: Metastasis
classification; N: Node classification; PS: Performance status; RFA: Radiofrequency ablation; TACE: Transarterial chemoembolization.

TREATMENT
Several therapeutic options are available for HCC,
depending on HCC stage, liver function, comorbidities,
and local clinical expertise. A multidisciplinary team,
consisting of hepatologists, surgeons, radiologists,
oncologists and pathologists, is fundamental for a
correct management.

Surgery

The evaluation of liver functional reserve before
hepatectomy is fundamental the maximum amount
of liver mass that can be safely removed: on the one
hand, liver functional overestimation may lead to
hepatic failure; on the other hand, poor resection may
significantly increase the risk of early recurrence of
HCC.
The most important methods to assess liver
function before surgery are the galactose tolerance
99
test, mTc-galactosyl human serum albumin liver
scintigraphy and the indocyanine green (ICG) test.
Makuuchi’s selection criteria for hepatectomy rely
on three factors, ascites, serum bilirubin and ICG
[106]
retention rate at 15 min (ICGR15)
. Patients are
considered eligible for liver resection if they have no
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ascites and if serum bilirubin is ≤ 2 mg/dL. Patients
with total bilirubin of 1.1-1.9 mg/dL can undergo
partial liver resection; for patients with serum bilirubin
≤ 1 mg/dL, the extent of resection is based on
ICGR15: (1) resection of 2/3 of the total liver volume
(TLV) (e.g., right lobectomy) in patients with normal
ICGR15 of < 10%; (2) resection of 1/3 of the TLV (e.g.,
left lobectomy) in patients with ICGR15 of 10%-19%;
(3) resection of 1/6 of the TLV in patients with ICGR15
of 20%-29%; and (4) limited resection or enucleation
in patients whit ICGR15 ≥ 30%.
A surgical mortality rate of 0% has been reported
in 1056 consecutive hepatic resections performed in
[107]
accordance with these criteria .
[108]
In patients with portal venous invasion
, the
area supplied by the portal vein branches should be
systemically removed as much as possible within the
acceptable range of liver function. In this contest,
systematic subsegmentectomy has been developed
to overcome the potential incompatibility between the
attempt to remove cancer and the need to preserve
[109]
liver function
. Tumor stage, tumor size, number
of tumors and capsule formation predict recurrencefree survival. Moreover, vascular invasion is a poor
[110]
indicator of long-term survival
. In one study, risk
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factors for early recurrence (within 2 years after
surgery) were non-anatomical resection, microscopic
[111]
vascular invasion, and AFP ≥ 32 ng/mL
. Another
retrospective study confirmed the association between
the type of surgical approach and the outcome, showing
that the cumulative survival rate was significantly
higher after anatomical resection compared to non[112]
anatomical resection .
As reported above, one crucial issue is the
determination of the adequate liver remnant volume
after hepatectomy. In normal livers, it is important to
preserve the 20%-40% of the TLV or the standard liver
[113-120]
volume (SLV)
. Anderson et al suggested that the
smallest adequate liver remnant volume should be ≥
20% of the SLV in patients with no underlying chronic
[114,121]
liver disease
. However, HCC usually develops in
patients with chronic hepatitis or cirrhosis, who are
at risk of hepatic failure in case of insufficient liver
remnant volume after hepatectomy. In this setting,
portal vein embolization (PE) may prevent hepatic
failure, because the portal vein branches are blocked
to induce compensatory hypertrophy in the remnant
[122]
liver area
. Three-dimensional CT scan allows an
accurate determination of the position of major blood
vessels and the tumor, as well as resection margins,
[123]
and liver remnant volume .
Perioperative complications include bile leakage,
[124,125]
hemorrhage and intra-abdominal abscesses
.
Intraperitoneal drainage is necessary for monitoring
and treatment of these complications, even if the
Center for Disease Control and Prevention guidelines
do not recommend routine drainage in elective
hepatectomy. If drainage is required, a closed suction
drain should be used and placed through a separate
incision distant from the operative one. Moreover, the
[126]
drainage should be removed as soon as possible
.
These recommendations have been validated in several
[127-133]
studies
. Moreover, in a randomized clinical
trial, subcutaneous drainage was not effective in
[134]
preventing surgical site infections
. Hepatic failure
and disseminated intravascular coagulation are other
postoperative complications. In one study, the authors
evaluated the efficacy of steroids to improve liver
[135]
function after hepatectomy . They found that serum
bilirubin levels were significantly lower in the steroid
group on post-operative day (POD) 2 compared with
the non-steroid group. The postoperative time courses
of bilirubin, IL-6 and the C-reactive protein level were
significantly lower whereas the prothrombin level was
significantly higher in the steroid arm. No differences
in the proportion of patients with complications and the
length of hospital stay were reported between the two
groups. To unify the definition of post-hepatectomy
liver failure (PHLF), the International Study Group of
Liver Surgery proposed defining PHLF as an increased
international normalized ratio and concomitant
[136]
hyperbilirubinemia on or after POD 5 . PHLF seems
to predict the incidence of complications and mortality
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better than the 50-50 criteria [i.e. prothrombin time
[137]
(PT) < 50% and serum bilirubin > 50 mmol/L]
and
[138]
MELD score .

Liver transplantation

Liver transplantation has become a feasible alternative
for many patients with HCC, given the advances in
surgical techniques and immunosuppression.
[139]
In 1996, Mazzaferro et al
defined the socalled Milan criteria, which identified as eligible for
transplantation patients with solitary lesions < 5 cm in
diameter and those with up to 3 lesions, each one < 3
cm in diameter. Similar survival rates in patients with
tumors < 3 cm have been reported by the Bismuth
[140]
group
. The Milan criteria have been accepted
worldwide to identify patients which can be safely
tranplanted. The limited number of available organs is
[141,142]
the main limitation for this procedure. Yao et al
demonstrated that patients with a single lesions ≤
6.5 cm, or up to three lesions each one ≤ 4 cm with
a cumulative diameter ≤ 8 cm had surgical outcomes
similar to those transplanted on the basis of Milan
criteria. Tumor histology has an important impact on
post-transplantation survival, with better outcome in
[143,144]
patients with well-differentiated tumors
. The
availability of transplantable grafts remains the critical
issue for all patients awaiting liver transplantation,
considering that time is a major determinant of overall
[145-153]
survival
. Living donation can be a good choice
for transplantation in patients with HCC because the
transplant can be planned with an optimal timing to
both assess the tumor aggressiveness and minimize
[154-160]
the risk of recurrence
. Another factor that can
affect the risk of recurrence after transplantation is
the use of immunosuppressive agents. Sirolimus,
a bacterial macrolide with immunosuppressive
and antineoplastic properties, which inhibits IL-2mediated lymphocyte proliferation, seems to decrease
metastatic tumor growth and angiogenesis in the liver.
It was demonstrated that the administration of posttransplant sirolimus, within a steroid-free protocol
and a low tacrolimus target, was associated with
decreased risk of tumor recurrence and no significant
increase in the risk of infection and hepatic artery
[161-165]
thrombosis
.

Non-surgical management

Among non-surgical approaches, percutaneous
ethanol injection (PEI), microwave ablation (MWA)
and percutaneous radiofrequency ablation (RFA)
represent the three most widely used techniques for
the treatment of HCC less than 5 cm in diameter and/
or with less than 3 tumoral lesions.
In RFA, electrical current is applied via an elec
trode resulting in resistive heating and tissue
[166]
hyperthermia
. Tissues adjacent to the electrode
[167-169]
are the most effectively heated
. The mechanism
of cytotoxicity in RFA depends on tissue impedance,
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with power deposition hindered in regions of high
tissue impedance, such as the surrounding lung or
tissue adjacent to the electrode, that has undergone
[166,169]
water vaporization due to rapid heating
. Multiple
engineering designs have been developed to overcome
the limitations caused by tissue impedance, including
multi-tined electrodes to expand the contact surface
area, saline injection, and internal cooling. Moreover,
RFA requires the placement of grounding pads on the
patient to close the electrical circuit, and skin burns
[170,171]
related to the pads have been reported
. However,
in clinical practice skin burns are rare, considering that
larger grounding pads are usually used to improve
[172]
the dispersion of thermal energy . RFA efficacy may
be limited by the “heat sink” effect, consisting in heat
dissipation resulting from blood flow. This effect is
[173]
more marked for lesions close to the liver hilum
.
There are several reports on RFA use in both primary
and metastatic liver tumors. In a Cochrane database
analysis, including 11 randomized clinical trials, Weis
[174]
et al
analyzed a total of 1819 participants with
HCC with the primary outcome of overall survival,
[175-177]
[178-183]
comparing RFA to hepatic resection
, PEI
,
[184]
[185]
MWA
, and percutaneous laser ablation (PLA)
.
The authors concluded that hepatic resection was
superior to RFA in terms of survival, even if RFA might
be associated with fewer complications and shorter
hospital stay. Moreover, RFA was associated with better
survival than PEI, whereas there was no evidence of
significant differences between RFA and MWA or PLA.
[186]
In the study by Lee et al
, patients undergoing
surgical resection were younger and had better
liver function reserve and PS than those receiving
RFA. When accounting for these differences using
propensity score analysis, RFA was superior to surgery
for patients with small HCC and Child-Pugh Turcotte
score of 5.
MWA relies on the direct application of an electro
magnetic field, which causes dielectric hysteresis,
[187]
leading to local tissue hyperthermia
. MWA is able
to penetrate through several tissues, including those
[166,187]
with high impedance
. High tissue temperatures
can be achieved with MWA, with increased efficacy as
[188]
compared to RFA
. Given the efficacy profile and
the shorter time required to achieve ablation, the use
of MWA has gradually increased for the treatment of
both primary and metastatic tumors of the liver. Ding
[189,190]
et al
studied 198 patients with HCC, all in BCLC
Stage A meeting Milan criteria and did not find any
difference between RFA and MWA in terms of diseasefree survival, cumulative survival, and complication
rates. Similar results have been reported in other
[184,191]
cohorts
.
PEI involves the direct instillation of ethanol
into tumors, which results in coagulative necrosis.
The technique is relatively simple and inexpensive.
However, in clinical practice PEI is limited by poor
and irregular distribution of ethanol within the tumor
and diffusion into the adjacent normal tissues. Even
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if some studies with PEI reported favorable outcomes
after a long-term follow up (greater than 15 years),
most evidences suggest that RFA is associated with
[192-194]
better overall survival than PEI
.
The use of external beam radiation therapy (SBRT)
in treatment of liver tumors has been traditionally
limited by the overall low tolerance of liver tissue to
[195]
radiation . In fact, radiation produces tumoral killing
by transferring energy within atoms, determining the
generation of reactive oxygen species with subsequent
direct and indirect DNA and cellular damage. The final
step is the generation of double-strand DNA breaks,
leading to tumor cell death. Radiation can achieve
excellent tumor control when delivered to ablative
[196]
doses
. Maximum dose is limited by the radiation
tolerance of the surrounding normal liver tissue and
adjacent organs. Particularly, radiation-induced liver
disease is a complication typically manifesting with
the triad of anicteric hepatomegaly, ascites, and
elevation of alkaline phosphatase. Imaging techniques,
breathing motion control and advances in radiation
machines technology permit accurate localization of
hepatic tumors and help directing radiation to the
tumor while minimizing exposure of surrounding
[197,198]
normal liver
. The size and number of lesions
that can be targeted, as well as the radiation dose
that can be delivered, depends on normal liver reserve
and estimated risk of liver complications. As expected,
patients with reduced liver function require dose
[199]
reduction . Similarly, patients with Child Pugh class
B cirrhosis may require dose reduction, while those
with Child Pugh class C cirrhosis are not usually eligible
for this type of treatment.
Another radiation-based technique is high-dose
[200-202]
rate (HDR) CT-guided interstitial brachytherapy
.
Radiation is delivered using an iridium-192 source
as a single fraction. The advantage of this technique
is a greater protection of the surrounding healthy
liver compared to external radiation techniques. A
[203]
prospective phase Ⅱ trial
showed encouraging
results for patients with large tumors near the hilum,
[204]
using average dose of 17 Gy. Mearini et al
reported
favorable outcomes of 35 patients with HCC (tumor
size 5-12 cm), treated with HDR brachytherapy. At 12
mo, local control was 93% and no major toxicity was
reported.
High-intensity focused ultrasound (HIFU) incor
porates multiple ultrasound beams produced by
piezoelectric or piezoceramic transducers directed into
[205]
a three-dimensional focal point . Ultrasound beams
are both thermally ablative and cause cavitations to the
underlying tissues. Coupling of the ultrasound source
and the patient is achieved through a degassed water
bath in order to have minimal reflection or absorption
of the soundwaves prior to reaching the focal point.
The patient is required to minimize movements during
the procedure and the focal zone is shifted step by
step to cover the area of interest for ablation. The
safety and efficacy of HIFU was evaluated in several
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[206-212]

[208]

studies
. Ng et al
reported on a series of 49
patients with HCC (median tumor size 2.2 cm, range,
0.9-8 cm) and concluded that HIFU was effective for
those who were not surgical candidates. He reported
1- and 3-year overall survival rates of 87.7% and
[209]
62.4%, respectively
. Similar data were published
[210]
by Wu et al
, with overall survival rates of 86.1%,
61.5%,and 35.3% at 6, 12, and 18 mo, respectively.
[205]
Cheung et al
reported on the outcomes of HIFU for
the treatment of HCC before liver transplantation in
10 patients as compared to 29 patients who received
transarterial chemoembolization and found that HIFU
was effective (90% had complete response, 10%
partial response), with none of the patients on the liver
[206]
transplant list (n = 5) dropping out .
Irreversible electroporation (IRE) is an apparently
non-thermal technique in which the direct placement
of electrodes creates a pulsed direct current, inducing
cytotoxicity in tumor cells by altering transmembrane
potentials, which irreversibly disrupt cell membrane
[213]
integrity
. IRE requires the position of at least
two applicators in parallel to create ablation zones
[214]
in the range of 1.5-2 cm per electrode pair
. The
zone of ablation created by IRE is dependent on
[213,215]
multiple factors
, such as electrode spacing
and relative position, active tip length, pulse number
and duration, and applied voltage. Because of these
factors, IRE results more technically challenging
than other locally ablative techniques. Moreover, the
current generated by IRE causes whole-body muscle
contractions and general anesthesia, requiring the
use of neuromuscular blockage. In addition, IRE can
induce cardiac arrhythmias, though this complication
can be avoided with the use of cardiac synchronization
of the administered pulses to the complete refractory
[216]
period of the cardiac cycle
. IRE has a theoretical
safety advantage as compared to other locally ablative
techniques in the treatment of tumors close to
structures susceptible to thermal injury, such as major
bile ducts. In addition, because of the reduction in the
“heat-sink” effect, IRE is potentially more effective for
tumors next to major vessels, especially for smaller
lesions, and showed excellent local tumor control at 3-6
[215,217-220]
mo, but high recurrence rates after 12-18 mo
.
Cryoablation involves the direct application of a
cryoprobe into the tumor. The thermal contact with the
tumor results in ice-crystal development and osmotic
shock. One recognized advantage of cryoablation is
that the zone of ablation is readily visible (“iceball”)
using CT scan, US, or MRI monitoring, allowing for
[221]
precise targeting of the ablation area
. Moreover,
multiple probes can be used simultaneously to create
larger ablation zones and shorten procedural times.
Despite the technical advantages of cryoablation,
its use has been limited by the safety profile. Cryoshock is an uncommon but potentially life-threatening
complication, characterized by thrombocytopenia,
acute renal failure, adult respiratory distress syndrome
[221]
and disseminated intravascular coagulopathy
. In
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a meta-analysis comparing cryoablation to RFA in the
[222]
treatment of unresectable HCC , RFA was superior,
particularly in terms of complication rates and local
tumor recurrence.
Percutaneous laser ablation (PLA) involves the
direct deposition of laser light via fiber-optic appli
cators to induce tissue hyperthermia in tumors. The
thin flexible fiber-optic delivery fibers allow for safer
[223]
and technically easier approaches to tumors
.
Moreover, feedback and dose-planning systems allow
a good control of ablative zones and consequently low
complication rates. However, it has been suggested
that PLA has some limitations in achieving complete
tumor ablation as compared to other locally ablative
[185,224,225]
therapies
.
HCC is preferentially supplied by the hepatic
arterial inflow, while the normal parenchyma is
largely supplied by the portal vein. The trans-arterial
chemo-embolization (TACE) procedure is based on
these blood supply dynamics. TACE consists in the
placement of an intra-arterial catheter in the vessels
supplying the tumor, to deliver high concentrations of
a chemotherapeutic agent (e.g., doxorubicin, cisplatin
or mitomycin) along with an embolic agent, such as
lipiodol gelatin sponge or polyvinyl alcohol particles,
in order to achieve both targeted chemotherapy and
reduction in arterial supply to the tumor.
Drug eluting beads TACE (DEB-TACE), are becoming
largely popular because of the favorable safety profile.
DEB-TACE delivers small beads, which have been
saturated for several hours with chemotherapeutic
drugs. The beads occlude the feeding vessels of HCC,
while doxorubicin is progressively released, increasing
chemotherapeutic concentrations locally and creating
tumor necrosis. The choice of bead size, from 75 to
700 μm, depends on tumor size and the preferred
level of concentration within the treated volume. The
best results are achieved when chemoembolization is
performed selectively to segmental or subsegmental
[226]
arteries feeding the tumor . TACE is considered the
standard of care for intermediate stage HCC without
vascular invasion or metastases. In several randomized
controlled trials, TACE was associated with partial
response in 15%-62% of patients, and improved
[227-233]
survival
. Some studies have suggested that
complete tumor ischemia may stimulate angiogenesis,
resulting in an increased susceptibility to tumor
growth rather than suppression. It has been therefore
suggested to maintain arterial patency both to prevent
this pro-angiogenic effect and to permit repeated
[234-237]
treatments
. Side effects associated with both
DEB-TACE and TACE include nausea, vomiting and right
upper quadrant pain (post-embolization syndrome),
doxorubicin-related cardiac toxicity, bone marrow
[229,231,238]
aplasia, hepatic abscesses, cholecystitis
. Two
randomized controlled trials demonstrated improved
[239,240]
side effect profiles
with equivalent survival
[235,239]
rates
and longer time to progression for DEB[240]
TACE in comparison with conventional TACE
. A
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meta-analysis showed comparable tumor response
[241]
rates .
Radioembolization is a modestly invasive, fluoro
scopically guided and microcatheter-based technique,
using either yttrium-90 (Y-90) embedded nonbiodegradable glass microspheres (25 ± 10 μm)
or Y-90 embedded non-biodegradable glass resinbased microspheres (29-35 μm). Radioembolization
exploits the preferential arterial blood supply of HCC
by delivering radiotherapy directly to the tumor and
preserving the normal liver parenchyma. In the target
lesion, Y-90 delivers tumoricidal doses of a pure highenergy beta emitter. Because of the short tissue
penetration and half-life, Y-90 is an ideal radioisotope
for intra-arterial radiotherapy. Patients who have
intermediate/advanced BCLC stage HCC and who are
not candidates for TACE due to portal vein invasion are
[242-244]
ideally candidate to radioembolization with Y-90
.
Radioembolization represents a suitable alternative
[245]
to chemotherapy for patients with advanced HCC
.
Moreover, Y-90 radioembolization can be proposed as
[139,246,247]
a bridge to liver transplantation
.
As for combinations therapies, one of the most
studied approaches is represented by the association
of RFA plus TACE. In fact, the decreased blood flow
due to TACE reduces heat loss and improves the RFA
margins. On the other hand, TACE enhances nearby
[248]
control of satellite lesions
. Several meta-analyses
have found that the combination of RFA and TACE is
associated with improved survival in comparison with
RFA alone, particularly for tumors larger than 3 cm
[249-252]
in diameter
. Hyperthermia is able to potentiate
[253,254]
the cytotoxic effect of radiation
. Additionally, in
animal studies, the combined use of radiation and RFA
resulted in improved tumor growth control compared
[255,256]
with RFA alone
. The combination of thermal
ablation with SBRT represents another encouraging
option, even if more research is required to establish
[257]
the most appropriate dosing and timing regimen .
Sorafenib is a small-molecule multikinase inhibitor,
which blocks Raf kinase, VEGF receptor and platelet
derived growth factor receptor (PDGFR). In two
randomized, double-blinded, controlled, phase Ⅲ
clinical trials, the SHARP (Sorafenib HCC Assessment
Randomized Protocol trial) and the Asia-Pacific
(conducted in the Asia-Pacific region), sorafenib
was associated with improved progression-free and
overall survival in patients with advanced unresectable
[258]
HCC
and currently represents a therapeutic option
for patients who are not candidates for curative
treatment or TACE.

B and C treatment, in order to cut down the number
of patients who may develop cirrhosis and potentially
progress to HCC. Early diagnosis is crucial for curative
treatments. As a consequence, patients at risk of
developing HCC should be regularly followed up to
diagnose HCC in the initial stage. Surgical resection,
RFA and liver transplantation are considered the
cornerstones of curative therapy, while for patients
with more advanced HCC recommended options
include sorafenib and TACE.
Unfortunately, most evidence comes from case
series and retrospective studies. There is a need
for larger, multicenter, randomized studies in order
to define the most appropriate, evidence-based
therapeutic approach to patients with HCC.
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Abstract
th

Hepatocellular carcinoma (HCC) is the 5 most
common malignancy which is responsible for more
than half million annual mortalities; also, it is the third
leading cause of cancer related death. Unfavorable
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systemic side-effects of chemotherapeutic agents and
susceptibility to the degradation of small interfering
RNAs (siRNAs), which can knock down a specific
gene involved in the disease, have hampered their
clinical application. So, it could be beneficial to
develop an efficient carrier for the stabilization and
specific delivery of drugs and siRNA to cells. Targeted
nanoparticles have gained considerable attention as
an efficient drug and gene delivery system, which
is due to their capability in achieving the highest
accumulation of cytotoxic agents in tumor tissue,
modifiable drug pharmacokinetic- and bio-distribution,
improved effectiveness of treatment, and limited sideeffects. Recent studies have shed more light on the
advantages of novel drug loaded carrier systems vs
free drugs. Most of the animal studies have reported
improvement in treatment efficacy and survival rate
using novel carrier systems. Targeted delivery may be
achieved passively or actively. In passive targeting,
no ligand as homing device is used, while targeting
is achieved by incorporating the therapeutic agent
into a macromolecule or nanoparticle that passively
reaches the target organ. However, in active targeting,
the therapeutic agent or carrier system is conjugated
to a tissue or cell-specific receptor which is overexpressed in a special malignancy using a ligand called
a homing device. This review covers a broad spectrum
of targeted nanoparticles as therapeutic and nonviral siRNA delivery systems, which are developed
for enhanced cellular uptake and targeted gene
silencing in vitro and in vivo and their characteristics
and opportunities for the clinical applications of drugs
and therapeutic siRNA are discussed in this article.
Asialoglycoprotein receptors, low-density lipoprotein,
ganglioside GM1 cell surface ligand, epidermal growth
factor receptor receptors, monoclonal antibodies,
retinoic acid receptors, integrin receptors targeted by
Arg-Gly-Asp peptide, folate, and transferrin receptors
are the most widely studied cell surface receptors
which are used for the site specific delivery of drugs
and siRNA-based therapeutics in HCC and discussed in
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detail in this article.
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Core tip: Targeted nanoparticles have gained con
siderable attention as an efficient drug and gene
delivery system in hepatocellular carcinoma owing to
their capability for achieving the highest accumulation
of cytotoxic agents in tumor tissue, modifiable drug
pharmacokinetic- and bio-distribution, improved
effectiveness of treatment, and limited side-effects.
This review covers a broad spectrum of targeted nano
particles as therapeutic and non-viral small interfering
RNA (siRNA) delivery systems, which are developed
for enhanced cellular uptake and targeted gene silen
cing in vitro and in vivo . Their characteristics and
opportunities for the clinical applications of drugs and
therapeutic siRNA are discussed in this article.
Varshosaz J, Farzan M. Nanoparticles for targeted delivery
of therapeutics and small interfering RNAs in hepatocellular
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EPIDEMIOLOGY
th

Hepatocellular carcinoma (HCC) as the 5 most
common malignancy is the most common primary
liver cancer and is responsible for more than half
million annual mortalities, which makes it the third
[1]
leading cause of cancer related deaths . This disease
more dominantly affects males than females, the
ratio of which is usually around 3:1 or 4:1 in most
[2]
populations . At the moment, HCC is most prevalent
in East Asia; but, it is rapidly pervading through most
of the Western nations and the number of diagnosed
[1,3]
patients is rapidly increasing .

Etiology

Several risk factors are held responsible for the
occurrence of HCC, but with varying importance levels
in different regions. This disease mostly occurs in
persons with a history of other liver diseases such as
cirrhosis, which is the unique nature of HCC and points
to the most important risk factors as Hepatitis C and B
as well as alcoholic and non-alcoholic fatty liver. Other
important risk factors are toxic exposure to aflatoxins
and vinyl chloride, diabetes mellitus, obesity, diet,
hemochromatosis, Wilson’s disease, type 2 diabetes,
[4]
hemophilia, and genetic factors . The overall average
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5-year survival rate of HCC is estimated as 70% for
[5]
the patients undergoing surgery .

SIGNS AND SYMPTOMS
There are several staging systems for HCC which
determine the course of treatment and treatment
[6]
prognosis . HCC patients may show jaundice,
bloating from fluid in the abdomen, easy bruising
from coagulopathy, loss of appetite, unintentional
weight loss, nausea, vomiting, or fatigue. Patients
usually complain about right upper quadrant pain,
weight loss, and deterioration of liver function in
cirrhotic cases. Most symptoms are unspecific such as
abdominal pain, malaise, fever, jaundice, and anorexia.
Ascites, hemorrhage, and encephalopathy may also
occur; but, a large number of population may remain
[7]
asymptomatic .

DIAGNOSIS
HCC screening is recommended for high risk patients
and the most frequently used surveillance methods
are testing serum α-fetoprotein (AFP) and abdominal
[8,9]
ultrasound in 6 mo intervals . Ultrasound is often
the first imaging and screening modality which is
used. In the patients with higher suspicion of HCC
(such as rising alpha-fetoprotein and des-gamma
carboxyprothrombin levels), the best method of
diagnosis involves a computed tomography (CT) scan
of the abdomen using intravenous contrast agent. A
biopsy is not needed to confirm the diagnosis of HCC if
certain imaging criteria are met. An alternative to a CT
imaging study would be magnetic resonance imaging
[8,9]
(MRI) .

MANAGEMENT AND TREATMENT
MODALITIES FOR HCC
Non-medicinal managements of HCC

If benefits outweigh surgery risks, the patient is a
candidate for surgical modalities such as liver resection
in the case of early-stage non-cirrhotic patients and
liver transplantation in the case of chronic disease and
cirrhosis. However, early-stage HCC patients that are
not qualified for surgical interventions can alternatively
benefit from minimally invasive treatments such as
percutaneous ablation and intermediate-stage HCC
cases that have not shown vascular invasion and
cancer related symptoms could undergo trans catheter
arterial chemoembolization (TACE), which is usually
performed for unresectable tumors or as a temporary
[10]
treatment while waiting for liver transplant . Other
managements include: interventional radiology;
http://en.wikipedia.org/wiki/File:HepatoCellular_Ca.
JPG; radiofrequency ablation (RFA) using high
frequency radio-waves to destroy tumor by local
heating; selective internal radiation therapy (SIRT)

12023

November 14, 2015|Volume 21|Issue 42|

Varshosaz J et al . Targeted nanoparticles in HCC

HCC

Very early stage
and early stage
disease

Potentially curative
treatments: resection,
transplantation, RFA,
PEI

Intermediate stage
and advanced stage
disease

Palliative treatments:
TACE, sorafenib, iodine131lipiodol, hormonal therapy,
chemotherapy

Terminal stage disease

Symptomatic
treatments

Figure 1 Schematic representation of various treatment strategies for hepatocellular carcinoma at different stages according to the Barcelona Clinic Liver
Cancer algorithm. RFA: Radiofrequency ablation, PEI: Percutaneous ethanol injection; TACE: Trans catheter arterial chemoembolization.

used to destroy the tumor and thus minimize exposure
of healthy tissue; intra-arterial iodine-131-lipiodol
administration and percutaneous ethanol injection (PEI)
as well-tolerated methods; combined PEI and TACE for
the tumors of larger than 4 cm in diameter; and portal
vein embolization as a method using a percutaneous
trans hepatic approach in which an interventional
radiologist embolizes the portal vein supplying the side
of the liver and the tumor. There are currently two
products of embolic microspheres: SIR-Spheres and
Thera Sphere. The latter is an FDA approved treatment
for primary HCC. SIR-Spheres are FDA approved for
the treatment of metastatic colorectal cancer, but
outside the United States. Cryosurgery is also another
management of HCC that is a new technique and can
destroy tumors in the liver. High intensity focused
[10]
ultrasound is another therapeutic treatment of HCC .
Figure 1 summarizes various treatment strategies for
HCC at different stages according to the Barcelona
Clinic Liver Cancer algorithm.

Therapeutics of HCC

Palliative and restricted therapy to a localized region
of the body could also be used in intermediate- to
advanced-stage patients, for whom embolization is
not feasible. Some examples of locoregional therapy
methods are internal radiation and hormonal therapy
including antiestrogen therapy with tamoxifen (usually
considered ineffective), octreotide (somatostatin
analogue), and adjuvant chemotherapy. No randomized
trial has shown the benefit of neoadjuvant or adjuvant
systemic therapy in HCC. Single trial has shown a
decrease in new tumors among the patients receiving
oral synthetic retinoid for 12 mo after resection/
[11]
ablation. Results have not been reproduced .
Since systemic chemotherapy is not proved to
significantly increase survival rate in HCC patients and
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due to the overall side-effects of chemotherapeutic
agents, their dose limitation, and possibly the
expression of multi drug resistance gene (MDR-1)
in HCC, chemotherapy is now considered one of the
palliative therapies for HCC, while the survival rate of
[12]
incurable HCC patients remains poor .
Doxorubicin is one of the most frequently used
cytotoxic agents for the chemotherapy of nonresectable HCC tumors, even though it has high toxic
side-effects and has shown no increased survival
[13]
rate . Randomized phase Ⅱ and Ⅲ studies have
also compared the response rates of doxorubicin
vs the frequently used PIAF regimen consisting of
cisplatin/interferonα-2b/doxorubicin/5-fluorouracil;
while the response rates have been slightly enhanced,
[14,15]
the survival rates are not significantly improved
.
Gemcitabine has been found to be more effective
in hepatic cancers and the combination regimen of
gemcitabine and oxaliplatin (GEMOX) along with
bevacizumab has slightly increased the survival time in
[16]
a phase Ⅱ study .
Studies on interferon-α (IFN-α) immunotherapies
have suggested that IFN-α could have survival
benefits for non-curable HCC patients when used in
[17]
combination with other agents .
Many molecular targeted therapies are also under
phase Ⅱ and Ⅲ studies. A receptor tyrosine kinase
inhibitor, sorafenib, as an FDA approved drug, may be
used in the patients with advanced HCC. Sorafenib is
a small molecule that inhibits tumor-cell proliferation
and tumor angionesis. It correspondingly increases the
rate of apoptosis in other tumor models. Sorafenib is
one of the molecular targeted small molecule agents,
which blocks vascular epithelial growth factor receptors
(VEGFRs) 1, 2 and 3 and platelet derived growth factor
receptor b (PDGFR-b) through multikinase inhibition
and leads to the inhibition of tumor growth and
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[18,19]

angiogenesis
. Results of meta-analysis based on
phase Ⅱ and Ⅲ trials have suggested that sorafenibbased chemotherapy is superior to placebo-based
chemotherapy in terms of overall survival without
[20]
considerable increase in toxicity .
Bevacizumab is another molecular drug which is, in
fact, a humanized monoclonal antibody against VEGF
and, hence, results in the blockade of angiogenesis.
Findings of phase Ⅱ clinical trials have suggested
that bevacizumab might increase the survival rate
[21]
of patients with nonmetastatic HCC . Erlotinib
and sunitinib are also other small molecules for the
inhibition of thyrosine kinase that have been found
[22,23]
effective in phase Ⅱ trials
. Cetuximab and lapatinib
are other molecular therapeutics that are currently
[24]
under phase Ⅱ studies for non-resectable HCC .

Small interfering RNA-based treatment of HCC

Small interfering RNA (siRNA) is a double-strand RNA
molecule which is also named short interfering RNA
or silencing RNA with 20-25 base pairs in length.
siRNA interferes with the expression of specific genes
with complementary nucleotide sequences. It causes
mRNA to get broken down after transcription and
[25]
result in no translation . RNA interference (RNAi)
may represent a powerful strategy to interfere in
key molecular pathways involved in cancer and has
established a new area of clinical therapy for HCC.
siRNA induced RNAi presents an effective and simple
method to silence a wide range of cancer-associated
genes. A number of siRNAs have been established
that are capable of silencing some different types of
human HCC gene targets, such as livin, cyclin E, VEGF,
[26-29]
COP9 signalosome subunit 5, c-Myc, and so on
.
The most important molecular and biochemical
markers of human hepatocellular carcinoma effective
in progression and poor prognosis include glypican-3,
Dickkopf-1, S100A4, S100A14, SOX6, SUOX,
AKR1B10, and CD34, cystine/glutamic acid transporter,
GRK6, GPR87, metallothioneins, retinoic acid-induced
protein 3, synovial sarcoma X breakpoint 2, protein
phosphatase magnesium-dependent 1 delta, BCL9,
interferon regulatory factor-1 and 2, CDK4, LASP-1,
PTP4A3, fatty acids, PAK5, hnRNPL, cylindromatosis
gene, melanoma-associated antigen family protein
[30]
D-4, EphA3, and Flotillin-1 . Knocking down of the
genes of these biomarkers by siRNA may be used
[31]
for the treatment of HCC. Li et al
presented the
development of TetR siRNA therapeutics for HCC using
an integrated approach, including the development
of an efficient lipid nanoparticle (NP) delivery system,
the identification of a robust therapeutic target that
does not trigger liver toxicity upon target knock down,
and the selection of potent and non-immunogenic
siRNA molecules against the target. The TetR-ODCLuc, HepG2, or HuH7 cells were inoculated into the
liver of 6 to 8 wk old severe combined immunedeficient female mice to create various orthotopic HCC
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liver tumor models. The resulting siRNA-containing
lipid NPs produced significant antitumor efficacy in
orthotopic HCC models and, thus, represented a
promising starting point for the development of siRNA
therapeutics for HCC.
Kinesin spindle protein (KSP) plays a critical role
in mitosis. Inhibition of KSP function leads to cell
cycle arrest at mitosis and, ultimately, cell death.
[32]
In the study done by Doan et al , KSP expression
was suppressed by specific siRNA in Hep3B cells
and evaluated its anti-tumor activity. KSP-siRNA
transfection induced apoptosis and could increase
chemo sensitivity to DOX in Hep3B cells, even at low
doses compared to the control. This method may yield
promising results for eradicating HCC cells in vitro.
Another important siRNA type in HCC is the specific
gene silencing siRNA of AFP which is an oncoembryonal
protein highly expressed in the majority of HCCs. AFP
may be involved in multiple cell growth regulating,
differentiating, and immunosuppressive activities.
Effects of AFP gene silencing by siRNA on the apoptosis
and proliferation of HCC cell line EGHC-9901, which
highly expresses AFP has been investigated. Western
blot and RT-PCR assay have demonstrated that siRNAAFP induces high expression of caspase-3, caspase-8,
[33]
caspase-9, and Bcl-2 .
GANK
p28
is an HCC oncogene. The adenovirusdelivered siRNA (AdsiRNA) is applied to inhibit this
oncogene in HCC cell lines and the antitumor effect
is investigated. The T7-RNA polymerase system is
used to screen the specific target site. AdSiRNA could
GANK
suppress p28
expression by up to 80% in HCC
GANK
cells. Depletion of p28
induces caspase-8- and
caspase-9-mediated apoptosis of HCC cells. Finally,
GANK
targeting p28
by adenovirus injection inhibits the
growth of established tumors in nude mice. This study
shows that the T7-RNA polymerase system screeningbased AdSiRNA can be used successfully to silence an
GANK
oncogene. p28
may serve as a novel therapeutic
[34]
target for treating HCC .

NANOPARTICLE-BASED DRUG DELIVERY
Nanoparticulate drug delivery systems are solid,
colloidal particles with the particle size of 10 to 1000
nm. However, in nanomedicine, they often refer to
devices < 200 nm (i.e., the width of microcapillaries).
There are two types of NPs: nanocapsules and
nanospheres. Nanocapsules are vesicular systems
in which a drug is confined to a cavity surrounded
by a polymeric membrane, whereas nanospheres
are matrix systems in which the drug is physically
and uniformly dispersed. NPs can load the active
ingredients in different forms of dissolved, entrapped,
adsorbed, attached, and/or encapsulated into or onto
a nanomatrix. Systemic unfavorable side-effects of
chemotherapeutic agents and other drugs have led
to research on the development of new agents or
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Figure 2 Different methods of targeted delivery of nanoparticles by passive or active mechanism. EPR: Enhanced permeation and retention.

therapeutic strategies. The main objectives are to
achieve the highest accumulation of cytotoxic agents
in tumor tissue, modify drug pharmacokinetic- and
bio-distribution, improve effectiveness of treatment,
and limit the side-effects.
Targeted delivery may be achieved passively
or actively (Figure 2). In the passive targeting, no
ligand is used as a homing device and targeting is
achieved by incorporating the therapeutic agent
into a macromolecule or nanoparticle that passively
reaches the target organ. In this strategy, the leaky
nature of vessels in cancer tissue and lack of welldefined lymphatic system can enhance the permeation
and retention of NPs, which is called the enhanced
permeation and retention (EPR) effect. However,
in active targeting, the therapeutic agent or carrier
system is conjugated to a tissue or cell specific
receptor which is over-expressed in special malignancy
[35]
using a ligand called homing device .

CELL SURFACE RECEPTORS IN HCC
HCC has one of the worst prognoses for survival as it is
poorly responsive to both conventional chemotherapy
and mechanism-directed therapy. This issue is due
to the lack of therapeutic concentration in the tumor
tissue coupled with the highly toxic off-site effects
exhibited by these compounds. Consequently, the
best packaging for the therapy of HCC will involve
three components: a potent therapeutic, a rationally
designed drug delivery vehicle to enrich the target site
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concentration of the drug, and a surface ligand that can
lead to greater propensity for internalization by tumor
cells compared to parenchyma. Before addressing the
variety of targeted drug delivery systems used in HCC,
an introduction to the different receptors that are overexpressed in this disease and may be used for the
active targeting of chemotherapeutic agents loaded
in NPs may be useful. Serotonin is a well-known
neurotransmitter and vasoactive substance. Recent
studies have indicated that serotonin contributes
to liver regeneration and promotes tumor growth
of human HCC. The serotonin receptors 1B and 2B
are expressed, respectively, in 32% and 35% of the
patients with hepatocellular cancer. Both receptors
are associated with an increased proliferation index in
[36]
Huh7 and HepG2 cell lines .
Gamma-aminobutyric acid and gamma-aminobutyric
acid A receptor θ subunit play important roles in
HCC development and progression and could be a
promising molecular target for the development of
[37]
new diagnostic and therapeutic strategies for HCC .
Over-expression of fibroblast growth factor receptor
3 (FGFR3), which is a signal transduction and cell
proliferation related gene in HCC, is another important
receptor with an important role in liver carcinogenesis.
FGFR3 may be an ideal candidate as a molecular
marker in the diagnosis of HCC and a potential
[38]
therapeutic target . Epidermal growth factor receptor
(EGFR) is frequently over-expressed in HCC. EGFR
expression has shown borderline association with
cirrhosis, but not with other examined clinicopathologic
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parameters. EGFR over-expression is present in a
majority of HCC types, which suggests a role for EGFR
[39]
antagonists in therapy .
Somatostatin receptor related alterations are
potentially novel prognostic and predictive biomarkers for
HCC with a special emphasis on the therapeutic potential
[40]
of somatostatin analogues in HCC management .
Insulin receptor (IR) exists as two isoforms resul
ting from the alternative splicing of IR pre-mRNA.
IR-B promotes the metabolic effects of insulin,
while IR-A rather signals proliferative effects. IR-B is
predominantly expressed in the adult liver. Alternative
splicing of IR pre-mRNA is dysregulated in HCC,
while it is normal in adjacent non-tumor liver tissue.
Increased expression of IR-A during the neoplastic
transformation of hepatocytes could mediate some of
[41]
the adverse effects of hyperinsulinemia on HCC .
Prostaglandin E2 (PGE2) has been implicated in cell
invasion in HCC via increased b1-integrin expression
and cell migration by activating the PKC/NF-κB signaling
pathway. Targeting PGE2/EP1/PKC/NF-κB/FoxC2/b1integrin pathway may represent a new therapeutic
strategy for the prevention and treatment of this
[42]
cancer . High levels of adenosine accumulate in
hypoxic tissues during the rapid growth of tumors,
suggesting that the activation of adenosine receptors
may facilitate tumor progress. A2b expression is upregulated in HCC and its expression level is correlated
to tumor progression in HCC, which suggest that A2b
[43]
may be a novel target for HCC therapeutic strategy .
The insulin-like growth factor (IGF) pathway is
implicated in the pathogenesis of HCC and may be
important in nonalcoholic fatty liver disease. Significant
associations have been seen between IGF-1 expression
and liver cirrhosis and survival after resection in
patients with HCC, independent from their underlying
[44]
liver disease .
Galactosamine-mediated targeted delivery of anticancer drugs in the liver has been tested, because its
receptor, asialoglycoprotein receptor 1 (ASGPR1), is
expressed in the liver and not in other human tissues.
Mammalian hepatic ASGPRs mediate the binding,
internalization, and degradation of extracellular
glycoproteins with exposed terminal galactose, lactose,
[45]
or N-acetyl-galactosamine residues .
Androgen (AR) signaling has also been shown to
suppress the metastasis of HCC among the patients
with late-stage disease. In addition, there is evidence
that therapy comprising Sorafenib and agents that
enhance the functional expression of AR may suppress
[46]
the progression of late-stage HCC .
Another surface receptor which is over-expressed
in HCC is the folate receptor (FR). Folate is a basic
component of cell metabolism and DNA synthesis and
repair. Rapidly dividing cancer cells have an increased
requirement for folate to maintain DNA synthesis, an
observation supported by the widespread use of antifolates in cancer chemotherapy. FR levels are high in
specific malignant tumors of epithelial origin compared
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to normal cells and are positively associated with
tumor stage and grade, which raises the questions of
its role in tumor etiology and progression. Although the
precise mechanism of pathway(s) for FR uptake has
not been exploited, phagocytosis is proposed from the
observation that FR recycles between an acid-resistant
(intracellular) and acid-sensitive (extracellular) pool.
GPI-anchored proteins are diffusely distributed at the
cell surface and it is proposed that FR is cross-linked
by these proteins and then concentrated in clusters
at the cell membrane surfaces called Caveolae,
whereby the membrane would transiently close and
internalize the folate-bound receptor complex. When
the internal compartment of the cell shows increased
acidification folate is separated from the receptor and
using the energy generated from the acidic gradient
moves across the membrane into the cytoplasm of the
cell, then, the next cycle would be started at the cell
[47]
surface membrane by the exposure of the receptors .
Transferrin receptor (TfR) is also over-expressed in
many malignant cells, including breast cancer, pancreatic
cancer, prostate cancer, colon cancer, lung cancer, and
[48-50]
leukaemia
cells. It is also over-expressed in some
cell lines of HCC including HepG2, J5, Bel-7402, Huh7,
and SK-Hep-1. It is a carrier protein for Tf, imports iron
into the cell by internalizing the Tf-iron complex through
receptor-mediated endocytosis, and is regulated in
[51]
response to intracellular iron concentration .
Retinoid analogues have been reported to inhibit
[52]
the growth of HCC. Sano et al ’s study showed that
retinoic acid receptor-alpha is the dominant receptor in
HCC, which suggests that selective retinoid analogues
of this receptor may be useful for chemotherapy.

TARGETED NANOPARTICLE-BASED
DRUGS AND SIRNA DELIVERY IN HCC
In different works aiming to reduce undesirable sideeffects of therapeutic agents in non-target organs,
scientists have tried to sign up one of these overexpressed receptors for the active targeting of drugs to
HCC by the conjugation of a specific ligand to the NPs
which fit to the receptor and facilitate the endocytosis
of the drug loaded carrier to the cells. In the following
sections, it is attempted to illustrate the potentials of
novel strategies based on targeted nanoparticulate
delivery systems used in the treatment of HCC
incorporating drugs or siRNA through different overexpressed cell surface receptors. Table 1 summarizes
some of the different targeted nanocarriers used
for the delivery of therapeutic agents and in HCC,
while Table 2 shows the reported delivery systems of
targeted NPs for siRNA in this disease.

Passive targeting by pegylated NPs

As mentioned before, targeted drug delivery may
be achieved by EPR effect via passive targeting. For
this purpose, it is necessary for the carrier to have

12027

November 14, 2015|Volume 21|Issue 42|

Varshosaz J et al . Targeted nanoparticles in HCC
Table 1 Summary of studied targeted nanoparticles used in vitro /in vivo for drug delivery in hepatocellular carcinoma using
different targeting moieties
Type of nanocarrier

NPs composition

Targeted for receptor

Active moiety

Synthetic or natural
polymeric NPs

Polyethylenglycol (PEG),
dithiodipropionate,
hyaluronic acid
poly(caprolactone), PEG

Asialogycoprotein
receptor (ASGPR) , no
receptor (EPR effect)
no receptor (EPR
effect)
ASGPR

Doxorubicin
(DOX)

ASGPR
ASGPR

Paclitaxel
(PTX)
PTX

LDL

DOX

Synthetic or natural
polymeric NPs
Synthetic or natural Galactose (GA), chitosan,
polymeric NPs
Synthetic or natural O-carboxymethyl chitosan,
polymeric NPs
GA
Synthetic or natural Hyaluronic acid (HA), GA
polymeric NPs
Synthetic or natural Hematoporphyrin, Bovine
polymeric NPs
serum albumin (BSA)

Docetaxel
5-FU

Specific Remarks

The NPs were sensitive to acidic environment
[62]
of endosomes and high intracellular Glutathion
concentrations
The NPs had a long circulating characteristic and
[63]
longer retention time in tumor cells
[66,74,75]
-

[68]

The dual targeting allows for the NPs to get
internalized by tumor cells more specifically
The photosensitizing properties of
hematoporphyrin allowed for an accurate
monitoring of NP uptake by imaging
-

[69]

Synthetic or natural
Heat-liable enterotoxin
Ganglioside GM1
5-FU
polymeric NPs
subunite B (LTB), BSA
receptor
Synthetic or natural Galactosylated chitosan,
ASGPR
Curcumin
polymeric NPs
polycaprolactone
Synthetic or natural Galactosylated chitosan,
ASGPR
Norcantharidin The drug was actually loaded using ionic cross
polymeric NPs
mPEG-SH
(NCTD)
linkage between NCTD and chitosan
Synthetic or natural
SM5-1, PLA
Membrane antigens
5-FU
polymeric NPs
Synthetic or natural
Apotransferin, BSA
transferrin receptor
DOX
polymeric NPs
Synthetic or natural Apotransferrin, Lactoferrin Transferrin receptor
DOX
polymeric NPs
Chitosan, retinoic acid (RA),
RA receptor
DOX
Synthetic or natural
Albumin
polymeric NPs
Mixed NPs
GA, DOX, Alginate
ASGPR
DOX
Mesoporous high
Silica, PEG,
SP94 receptor, no
DOX
The fusogenic peptide used allows for more
surface area silica
Zwitterionic lipids,
receptor (EPR effect)
efficient internalization. The nanoporous silica core
core fused to a
phosphatidylethanolamine
also gives the NPs, a significantly higher surface
liposome (protocell)
area
Nano micelle
PEG, polycaprolactone,
Folate receptor
Sorafenib
The SPION loaded NPs could be efficiently
SPION, folate
monitored using MR imaging
Nano micelle
RGD, PEG, stearic acid,
Integrins
DOX
chitosan
Nano liposome
egg phosphatidylcholine,
ASGPR
DOX
cholesterol, monomethoxy
PEG-distearoyl
phosphatidylethanolami
ne, and Lactose - dioleyl
phosphatidylethanolamine
(DOPE)
Nano liposome
Anti CD44 antibody,
CD44
DOX
cholesterol, DOPE, DSPC,
DSPE-(PEO)4-cRGDfK,
DSPE-mPEG
Lipid nanocarriers
Lactobionic acid, Stearyl
AGPR
5-FU
amine, lecithin, glyceryl
monostearate, oleic acid
Magnetic NPs
FeCl2, FeCl3, CMC, EpCAM Epithelial cell adhesion
DOX
These magnetic nanoparticles were suggested as a
aptamer
molecule
candidate for MR imagine of HCC
Magnetic NPs
Fe3O4/Fe, silica
no receptor (EPR
ABT-888,
The co-delivery of the two drugs both inhibits
effect)
Temozolamide transcription of survival genes and has cytotoxic effect
BSA NPs
Glycyrrhizic
ASGPR
FITC
acid (GA), BSA,
10-hydroxycamptothecin
(HCPT)
Gold NP
Gold, cetuximab
EGFR
gemcitabine
When coupled with RF-hyperthermia, these NPs
were significantly effective at tumor growth
inhibition
Nanosuspension
DSPE, PEG, FA, soy lecithin
Folate receptor
Docetaxel
Dendrimer
poly(methacryloyl
ASGPR
DOX
sulfadimethoxine) (PSD),
PEG, Lactose
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Virus-like NP

Core-shell NP
Miscellaneous

Miscellaneous

MS2 capsid, Ricin toxin
A chain, SP94, H5WYG
fusogenic peptide, PEG
Poly(vinyl alcohol),
albumin
PLGA, PVA, chitosan,
Asialofetuin
Benzyl malolactonate, PEG,
Fluorescein amine, Biotin,
cyclic Biotin-RGD peptide,
streptavidin

SP94 receptor

DOX, cisplatin,
5-FU

-

[142]

Transferrin receptor

DOX, sorafenib

[141]

ASGPR

EPI

Biotin Receptor,
integrins

DOX

The synergistic effect of DOX and sorafenib here
increased tumor inhibition more significantly
Co-delivery of EPI with tocotrienols as antioxidative agents, resulted in significantly lower
cardiotoxicity and higher apoptosis level
The use of streptavidin for grafting a peptide
suggests that a number of peptides could be grafted
in NPs without needing any additional chemistry

[85]

[115]

NP: Nanoparticle; LDL: Low-density lipoprotein; EPR: Enhanced permeation and retention; FITC: Fluorescein isothiocyanate.

Table 2 Summary of studied targeted nanoparticles used in vitro /in vivo for small interfering RNA delivery in hepatocellular
carcinoma using different targeting moieties
Type of nanocarrier

Active moiety

Targeted receptor

Suggested Mechanism

Lipid nanoparticle
TetR siRNA
Novel nonocarrier consisting of a silica core
Model siRNA
SP94 protein and EPR
fused to liposomes (called protocell)
Galactose mediated trimethylchitosan cysteine VEGF-siRNA and Survivin shRNAASGPR
Silencing of tumor growth genes
NPs
expression pDNA (iSUR-pDNA)
A phospholipid-cholesterol nanocomplex
Pokemon siRNA
LDL receptor
Cell growth inhibition
A SPION called SilenceMag
Human VEGF siRNA
EGFR
Tumor growth inhibition
PEGylated Polyethyleneamine SPION
Survivin siRNA
Integrin
Induction of apoptosis
Virus-like nanoparticle of bacteriophage MS2
Anti-cyclin siRNA
Folic acid receptor, SP94,
Induction of apoptosis
transferrin receptor
Lipid nanoparticle
Integrin b1 siRNA
integrin
Inhibition of proliferation and
tumor cell death

Ref.
[31]
[64]
[86]
[89]
[95]
[114]
[142]
[116]

SPION: Superparamagnetic iron oxide nanoparticle; siRNA: Small interfering RNA; LDL: Low-density lipoprotein; EPR: Enhanced permeation and
retention; EGFR: Epidermal growth factor receptor; ASGPR: Asialoglycoprotein receptor.

enough time to reach the affected area. Surfacemodification of delivery vehicles with polyethylene
glycol (PEG), i.e., PEGylation, is a promising method
for enhancing in vivo stability and performance of
various non-viral drug and gene vectors, which results
[53-59]
in the production of stealth NPs
. In addition,
PEGylation can dramatically improve particle transport
[60]
through biological obstacles, such as mucus . The
efficacy of nucleus-targeted drug- or gene-carrying
NPs may be limited by slow transport through the
molecularly crowded cytoplasm following endosome
escape. NPs may stick to cytoskeletal elements and
cellular organelles may be steric obstacles for the
efficient intracellular transport of NPs. Therefore,
surface coating of NPs with PEG can potentially reduce
the adhesive interactions of colloids with intracellular
[61]
components . In this attempt, the dual sensitive
spherical NPs of PEGylated dithiodipropionatehyaluronic acid copolymer (PEG-SS-HA) was produced
[62]
and loaded with DOX by Xu et al . This NP is prone
to releasing its DOX content in response to the acidic
pH of intracellular lysosomes and reduction by high
intracellular glutathion (GSH) concentration. Due to
PEGylation, NPs have a stealth circulation and are
finally uptaken by liver cells because of the HA content.
The in vitro studies have demonstrated that these
NPs are effectively internalized by HepG2 cell line and
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cause the inhibition of cell growth.
Docetaxel loaded poly ethyleneglycol-poly
(caprolactone) (mPEG-PCL) NPs are another example
of passive targeted NPs used on hepatic cancer cell line
H22 in vitro. This study results in the same cytotoxic
effect as the free commercial Docetaxel. NPs have
a long circulation, higher accumulation inside tumor
parenchyma, longer retention time in tumor cells in
[63]
vivo, and hence effective tumor growth inhibition .
Pegylation along with peptide targeted NPs have
been used for efficient co-delivery of therapeutic and
siRNA in HCC, one of which is a spherical, nanoporous
high surface area silica core fused to liposomes. The
obtained hybrid and supported lipid bilayer, named
protocell, is then modified using a targeting SP94
peptide, PEG, and fusogenic peptide. This novel
nanocarrier has a much higher surface area that
results in higher capacity for therapeutic loading as well
as enhanced stability and selectivity compared to the
liposomes with the same size. DOX, a low molecular
weight model drug, and a siRNA model are loaded
into these protocells. The protocells are demonstrated
to be internalized rapidly by Hep3B cells and DOX
is released in an efficient manner in physiological
mimicking environments. The protocells designed here
are potential candidates for the delivery of a disparate
set of cargoes and therapeutic and siRNA cocktails with
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the flexibility of selecting several targeting ligands and
[64]
other characteristics .
Sometimes, passive targeting is potentiated by an
external magnetic field to concentrate the NPs in the
affected area. An example of this method of targeting
is a study in which a poly (ADP-ribose) polymerase
1 (PARP-1) inhibitor (ABT-888) in conjunction with
the alkylating agent temozolomide (TMZ) is used as
a therapeutic strategy to increase the cytotoxic effect
of drug on HCC. Fe3O4/Fe core with a silica shell is
prepared for the dual delivery of ABT-888 and TMZ.
This nanosystem is tested in vitro on three tumoral
and one non-cancerous cell lines of the liver. An
extended release kinetic is achieved and the NPs are
accumulated in tumor cells and show higher efficacy in
[65]
apoptotic cell death compared to free drug .

Asialoglycoprotein receptors

Although PEGylation has been widely used to enhance
the accumulation of NPs in tumor tissues through
EPR effect, it still inhibits cellular uptake and affects
intracellular trafficking of carriers. On the other hand,
active targeting of molecules displays better cell
selectivity and enhances the poor tumor penetration
effect. As mentioned before, asialoglycoprotein
receptors are another type of receptors overexpressed on HCC cells. They are lectins which bind
asialoglycoprotein; glycoproteins from which a sialic
acid has been removed to expose galactose residues.
The receptors, which are located on liver cells, remove
the target glycoproteins from circulation. Glycyrrhetinic
acid (GA) is one of the sugar type ligands, which is
used for the targeted delivery of NPs to HCC. GA
modified chitosan NPs are produced and loaded with
5-FU. The NPs provide a sustained release system
that halts tumor cell growth in vitro in a time and
dose dependent manner. The in vivo studies on
an ortothopic model of liver cancer in mouse have
demonstrated significant tumor growth inhibition and
[66]
prolonged life span .
In another study, glycyrrhizic acid modified
NPs of bovine serum albumin are synthesized by
different concentrations of each agent and loaded
with 10-hydroxycamptothecin. These NPs have higher
affinity for hepatic tumor cells and the treatment group
shows a higher amount of tumor growth inhibition
[67]
than the control group .
Use of glycyrrhizin modified O-carboxymethyl
chitosan NPs loaded with paclitaxel is another
example of targeted NPs toward ASGPRs, which are
tested on HCC cell line of SMMC-7721. The blank
NPs show complete biocompatibility and no toxicity.
The cell internalization of glycyrrhizin conjugated
NPs is almost 10 times higher than the non-targeted
NPs. Furthermore, the tumor growth inhibition is
significantly higher than non-targeted NPs and free
[68]
paclitaxel .
A double target nanocarrier containing glycyrr
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hetinic acid-grafted-hyaluronic acid (GAHA) NPs is also
synthesized. This double target nanocarrier against
liver tumor cells consist of a hyaluronic acid shell with
glycyrrhetinic acid grafts encapsulating paclitaxel and
is tested on two different cell lines of human HCC.
The uptake of NPs is high in HepG2, which has both
receptors for HA and GA. The carrier itself has a low
cytotoxicity level and in vivo imaging studies have
demonstrated a high accumulation level in tumor
[69]
cells .
GA was also used as the targeting moiety to target
[70]
ASGPRs by Guo et al . A pH sensitive nanocarrier
system consisting of GA modified alginate/doxorubicin
(DOX) modified alginate is prepared and tested on the
model of HCC. The release profile of DOX from NPs is
prolonged compared to the half-life of free agent and
responds to the pH of endosomes. The nanosystem
could successfully decrease tumor growth in mice
without any mortality.
[71]
Varshosaz et al
also developed galactosylated
nanostructured lipid carriers (NLC) for the targeted
delivery of 5-FU in HCC. They conjugated lactobionic
acid to stearyl amine by chemical reaction. The
targeted NLCs of 5-FU contained lecithin, glyceryl
monostearate, oleic acid, or Labrafac as the oil phase
and was dispersed in an aqueous phase containing
Tween 80 or Solutol HS15 as the surfactants. NLCs
were prepared by an emulsification-solvent diffusion
method. The galactosylated NLCs of 5-FU were
cytotoxic at the concentration of half dose of free 5-FU
on HepG2 cell line and seemed promising in reducing
5-FU dose in HCC.
Galactosylated chitosan-polycaprolactone (Gal-CHPCL) NPs loaded with curcumin are another type of the
NPs targeted to ASGPRs. NPs have a controlled release
and their PCL content is found to be a key factor for
the release mechanism. NPs are efficiently uptaken by
HepG2 cells in vitro and the curcumin loaded into NPs
has a 6-fold higher cytotoxic effect than free curcumin.
This issue suggests improved bioavailability by Gal-CH[72]
PCL NPs .
Another reported example of the targeted nana
noparticulate delivery systems is a lactosylated
lipid called dioleylphosphatidylethanolamine (LacDOPE), which is utilized as the targeting ligand
on the modified liposome of methoxy pegylated
distearoeylphosphatidylethanolamine (mPEG-DSPE)
loaded with DOX which targets ASGPR of hepatocytes
in HCC. The Lac-L-DOX nanoliposomes show a
higher uptake by HepG2 hepatocellular cells and an
enhanced cytotoxicity rate compared with the nontargeted liposomal DOX in conjunction with the longer
circulation time due to PEG modification. The in vivo
studies have also demonstrated increased tumor
growth inhibition in nude mice compared to both free
[73]
and non-targeted liposomal drugs .
Galactosylated chitosan (GC) NPs are synthesized
encapsulating 5-FU and tested in vivo and in vitro to
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HCC cells. Studies have demonstrated higher apoptosis
induction through p53 pathway by GC/5-FU and the
test group has no such 5-FU related side-effects as
liver injury or bone marrow suppression. These NPs
also show a sustained release mechanism for 5-FU,
which carrier could be promising for 5-FU delivery to
hepatic cells without the usual immunosuppressive
[74,75]
effects of this chemotherapeutic agent
. Another
form of these NPs is prepared by cross-linking the
GC using norcantharidin as the active pharmaceutical
ingredient, whose in vivo antitumor activity is better
than either the free norcantharidin or norcantharidin
attached to CS NPs, but without galactose residue in
[76]
mice bearing H22 liver tumors .
Lactose is another sugar used for targeting
ASGPRs. In a study, lactose modified PEGylated poly
(amido amine) (PAMAM) dendrimer that is turned
into a pH sensitive system by poly (methacryloyl
sulfadimethoxine) (LA-PEG-b-PSD-PAMAM) and DOX
is loaded in PAMAM. The drug release is significantly
higher at pH 6.5 compared to pH 7.4 in PBS. The
modified dendrimers have a specific cellular uptake
by hepatoma cells at pH 6.5 and in vivo studies show
a higher tumor growth inhibition rate by the modified
[77]
dendrimers .
Asialofetuin (AF) is a glycoprotein that possesses
three asparagine-linked triantennary complex
carbohydrate chains with terminal N-acetylgalacto
samine residues. This protein has high affinity to
ASGPR on hepatocytes and enters the cells through
[78,79]
this receptor
. Thus, AF has been used as a ligand
to deliver drugs to hepatocytes and a competitive
[80,81]
inhibitor to ASGPR
. AF-appended liposomes have
widespread use as a hepatocyte-selective gene transfer
[82-84]
carrier
.
Epirubicin (EPI) loaded chitosan-poly(lactide-co[85]
glicolide) (PLGA) NPs were designed by Nasr et al
to target hepatocytes using asialofetuin and the NPs
were tested on HepG2 cell line and HCC induced
mouse model. Also, in an attempt for decreasing
cardiotoxicity, these delivery systems were coadministered with tocotrienols. The developed NPs
reduced cell proliferation and tumor angiogenesis
and also, when co-administered with tocotrienols,
further enhanced apoptosis and decreased VEGF level
dose dependently. The cardiotoxicity assessment
demonstrated that EPI-NPs decreased the level of
TNF-alfa induced inflammation, nitric oxide (NO), lipid
peroxidation product of oxidative stress, and restored
superoxide desmutase levels and also reduced
glutathione levels in the heart. All these effects were
enhanced when co-administered with tocotrienols.
The ASGPRs are not only used for the targeted
delivery of therapeutic agents but also for siRNA based
drug delivery. For example, NPs of galactose mediated
trimethyl chitosan cystein (GTC) are developed for
the oral delivery of VEGF-siRNA and Survivin shRNAexpression pDNA (iSUR-pDNA). Co-administration of
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a pDNA and siRNA allows for both prompt and longlasting silencing effects on tumor growth genes. The
NPs with moderate galactose density could effectively
enter the tumor tissue both in vitro and in vivo and
result in Survivin and VEGF gene silencing and, hence,
decreased cell growth and angiogenesis and increased
induction of apoptosis. Co-delivery of these two RNAs
has a synergistic effect on halting tumor growth
[86]
compared to single gene delivery .

Low-density lipoprotein receptors

HCC is frequently associated with paraneoplastic
hypercholesterolemia. In familial hypercholesterolemia,
the genetic mutation of low-density lipoprotein (LDL)
receptor gene has been recognized as a pathogenesis
[87]
of the disease .
[88]
In the study conducted by Chang et al ,
hematoporphyrin was used as an LDL target and
photo-sensitizing agent in the treatment of HCC.
Hematoporphyrin modified bovine serum albumin
NPs were loaded with DOX. The designed NPs were
evaluated in vitro on HepG2 cells and in vivo on
mice inoculated by HCC. In both cases, efficacy was
enhanced according to photodynamic toxicity session
and eradiation time.
Cholestrol can also target LDL receptors. Therefore,
a nanocomplex consisting of soybean phospholipids
and cholesterol conjugated siRNA (Chol-siRNA) for
Pokemon gene silencing mediated by reconstituted
HDL (rHDL) for targeting HepG2 liver cancer cells
was prepared. Pokemone protein is held responsible
for oncogenesis in liver cells in vivo. NPs have a
sustained release kinetic and highly efficient and
specific delivery to HepG2 cell line. The in vitro studies
have shown significant cell growth inhibition and
reduction of Pokemon and Bcl-2 proteins (responsible
for the inhibition of cell apoptosis) in the treated cells,
whereas in vivo studies have demonstrated high
uptake of carriers by tumor cells of HCC bearing nude
mice upon iv administration as well as significant cell
growth inhibition. Hereby rHDL is suggested as a
superior liver cell delivery vector, which facilitates the
[89]
specific transfection with siRNA .
Another reported delivery system which can
target LDL receptors is the sterol containing solid
lipid nanoparticles (SLNs) that is used for quercetin
delivery, a potential chemotherapeutic drug. Low
solubility of quercetin seriously limits its clinical use.
Therefore, SLNs are designed for enhancing its cellular
penetration using cholesterol analogues, i.e., sterols
which make bilayers fluent for targeting HCC cells.
Three sterol types including cholesterol, stigmasterol,
and stigmastanol are used for the preparation of
quercetin SLNs by emulsification solvent evaporation
method. The IC50 of quercetin in cholesterol containing
SLNs is about six and twice less than the free drug and
phytosterol containing SLNs, respectively, and it causes
[90]
more accumulation of the drug in HepG2 cells .
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Ganglioside GM1 cell surface ligand

The branched pentasaccharide chain of ganglioside
GM1 is a prominent cell surface ligand, for example, for
cholera toxin or tumor growth-regulatory homodimeric
[91]
[92]
galectins . Zhao et al
used heat-liable enterotoxin
subunit B (LTB) as a ganglioside GM1 binding ligand
for the targeted treatment of HCC. NPs of the mixture
of LTB and bovine serum albumin are prepared and
their internalization to hepatocellular cancer cell line
SMMC-7721 is tested. 5-FU is loaded in these NPs and
cytotoxicity is proved to be much higher than that of
the untargeted NPs.

EGFR receptors

Hyperthermia is almost always used along with other
forms of cancer therapy, such as radiation therapy and
chemotherapy. Hyperthermia may make some cancer
cells more sensitive to radiation or harm other cancer
cells that cannot be damaged by radiation. There are 2
very different types of hyperthermia: local hyperthermia
or thermal ablation in which very high temperatures
are used for destroying a small area of cells, such as
a tumor. The other way is regional hyperthermia or
whole-body hyperthermia in which the temperature
of a part of the body (or even the whole body) is
raised to a few degrees higher than normal. This type
of hyperthermia helps other cancer treatments such
as radiation, immunotherapy, or chemotherapy work
properly. Local hyperthermia is most commonly done
using high-energy radio waves and, consequently, is
named RFA to treat tumors up to about 2 inches (5
cm) across. This method is used for the patients in
whom surgery is not possible to remove the tumor
or for those who have recurrent tumors. It can also
be added to other treatments like surgery, radiation
therapy, chemotherapy, hepatic arterial infusion
therapy, alcohol ablation, or chemoembolization. In
this technique, a thin, needle-like probe is put into
the tumor for about 10 to 30 min under the guidance
of ultrasound, MRI, or CT scans. The high-frequency
current produced in the tip of the probe creates heat
between 122 °F-212 °F, which destroys the cells within
[93]
[94]
the affected tumor area . In this regard, Raoof et al
produced some gold NPs loaded with anticancer drug
gemcitabin and tested them on the xenograft model
of HCC. They used EGFR for the targeted delivery
of gemcitabin. As mentioned before, this receptor is
expressed on some HCC cell lines such as Hep3B and
is specifically targeted by cetuximab as a monoclonal
antibody. Using radiofrequency (RF), it induces a noninvasive hyperthermia in targeted cells, but not in
normal cells, which results in reduced growth and
induction of apoptosis. This study suggests that an
Au NP-gemcitabin system could be as effective as
the conventional dosage of gemcitabine, but with the
almost 275 times less dosage.
VEGF, a sub-family of growth factors, is a
signal protein produced by the cells that stimulate
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vasculogenesis and angiogenesis. When VEGF is overexpressed, it can contribute to the disease. Solid
cancers cannot grow beyond a limited size without an
adequate blood supply; cancers that can express VEGF
are able to grow and metastasize. The influence of
siRNA-VEGF on endothelial cell proliferation, apoptosis,
and tube formation was analyzed in vitro by Raskopf
[28]
et al . Their results showed that two days after
transfection, the VEGF expression was inhibited 70%
in Hepa129 and 48% in SVEC4-10 cell lines. In vitro
endothelial cell proliferation and tube formation were
reduced by 23% and 38%, respectively. Reduced
pAKT in hepatoma cells interfered in VEGF signaling.
Intraperitoneal application of siRNA-VEGF inhibited the
tumor growth by 83% or 63% in orthotopic tumors
within 14 d. VEGF protein was reduced in both models
by 29% and 44%. Microvessel density dropped to
34% for the tumors from ex vivo transfected cells and
39% for systemic treated tumors.
131
Human VEGF (hVEGF) siRNA was labeled with I
using the Bolton-Hunter method and conjugated to a
type of SPIOs named SilenceMag. Nude mice with HCC
131
tumors were injected subcutaneously with I-hVEGF
siRNA/SilenceMag and were then exposed to an
external magnetic field (EMF). External application
131
of an EMF attracted and retained more
I-hVEGF
siRNA/SilenceMag in HCC tumors as shown by MRI
and biodistribution studies. The tumors treated with
131
I-hVEGF siRNA/SilenceMag grew nearly 50% slower
in the presence of EMF than those without EMF and the
control. Immunohistochemical assay confirmed that
131
the tumor targeted by I-hVEGF siRNA/SilenceMag
guided by an EMF had a lower VEGF protein level than
the one without EMF exposure and the control. The
131
synergic therapy of I-hVEGF siRNA/SilenceMag might
be a promising future treatment option against HCC
with the dual functional properties of tumor therapy
[95]
and imaging .

Specific surface antigens targeted by monoclonal
antibodies

One of the most successful therapeutic strategies for
solid tumors and hematologic malignancies is based
on treatment with the monoclonal antibodies of cancer
in the last 20 years. For cancer cell surface antigen
discovery, a combination of serological techniques with
hybridoma technology leads to a series of landmark
clinical trials that paves the way for new generation
antibodies and subsequent clinical success. Therapeutic
monoclonal antibodies target specific antigens
found on the cell surface, such as transmembrane
receptors or extracellular growth factors. In some
cases, monoclonal antibodies are conjugated to radioisotopes or toxins to allow the specific delivery of these
cytotoxic agents to the intended cancer cell target.
One of these therapeutic monoclonal antibodies is
Sorafenib (Nexavar), which targets VEGFR, PDGFR,
KIT, and RAF antigens and is FDA approved for HCC.
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Another antibody with specificity for liver tumor cells
is SM5-1 which is a humanized mouse antibody. NPs
of PLGA are prepared, conjugated with SM5-1, and
loaded with 5-fluorouracil. They are then tested in vitro
and in vivo on subcutaneous and liver tumor HCCLM3-fLuc cells. In both occasions, the targeted NPs
have better efficacy in terms of inhibiting tumor cell
[96]
growth .
Another reported antibody targeted NPs used
to specifically target HCC was designed by Wang
[97]
et al
who prepared a liposomal NP, mediated by
CD44 antibody and loaded with herpes simples virustruncated thymidine kinase (HSV-ttk), renilla luciferase
(Rluc), and red fluorescent protein (RFP) in an
attempt to evaluate targeting efficacy by non-invasive
molecular imaging. HepG2 cells were injected into the
liver of NOD/SCID mice to model in situ liver cancer.
Then, the growth status of tumor was monitored.

Retinoic acid receptors

Retinoid analogues have been reported to inhibit the
growth of HCC. They strongly affect embryogenesis
and carcinogenesis. The biological activity of retinoids
is exerted through binding to specific nuclear receptors
in the steroid/thyroid hormone family. Two major
classes of retinoid receptors, RARs and retinoic X,
have been identified, each of which consists of three
[98]
distinct receptor subtypes: α, b, and g . Retinoic acid
receptor-α, is reported as the dominant receptor in
HCC and its mRNA has been shown to be at low levels
[52,99]
in the normal liver, but at high levels in HCC
.
Retinoic acid is a derivative of vitamin A with an
important role in the regulation of cell proliferation and
[100]
differentiation
and its inhibitory effect on cancer
[101-104]
cell growth is well established
. This receptor
has been used to target doxorubicin in HCC by
[105]
Varshosaz et al . They graft retinoic acid to chitosan
and synthesize copolymers with different degrees of
substitution of retinoic acid on the chitosan. Then,
the conjugate of retinoic acid-chitosan is grafted to
albumin NPs for the targeted delivery of doxorubicin
in HCC. NPs are produced by coacervation method.
Cytotoxicity of doxorubicin loaded NPs on HepG2 cells
using MTT assay shows that IC50 of drug loaded in
these NPs is reduced to half and one third compared to
the non-targeted NPs and free drug, respectively.

Integrin receptors targeted by Arg-Gly-Asp peptide

The tripeptide Arg-Gly-Asp (RGD) was originally
identified as the sequence within fibronectin that
mediates cell attachment. This tripeptide has been
found in numerous proteins, including integrins, a
family of cell-surface proteins, which act as receptors
for cell adhesion molecules. RGD adheres to integrin
receptors, especially αvb3 and αvb5, which are overexpressed on the angiogenic endothelium in diseased
tissues and various malignant tumors. RGD sequence
is the cell attachment site of a large number of
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adhesive extracellular matrix (ECM), blood and cell
surface proteins, and nearly half of more than 20
known integrins recognize this sequence in their
adhesion protein ligands. Integrins are transmembrane
receptors which act like bridges for cell-cell and ECM
interactions. When integrins are triggered, chemical
pathways to the interior are activated. Some of these
signals include chemical composition and mechanical
status of ECM, which result in a response such as the
regulation of cell cycle, cell shape, and/or motility or
new receptors are added to the cell membrane. This
issue allows rapid and flexible responses to events
at the cell surface, for example, signal platelets to
initiate an interaction with coagulation factors. Proteins
that contain RGD attachment site, together with the
integrins that serve as receptors for them, constitute
a major recognition system for cell adhesion. When
RGD peptides are insolubilized onto a surface, they can
promote cell adhesion and inhibit it when presented to
cells in solution. There are several types of integrins
which may be present on the cell surface. Fibronectin,
vitronectin, collagen, and laminin (http://en.wikipedia.
org/wiki/Ligands) are some of the common ligands
[106]
for integrins
. The binding of a subset of the
integrins which recognizes RGD motif within their
ligands mediates both cell-substratum and cell-cell
interactions. By cyclizing peptides with the selected
sequences around the RGD and by synthesizing RGD
mimics, it is possible to design reagents that bind
selectively to only one or a few of the RGD-directed
integrins. Integrin-mediated cell attachment influences
and regulates many functions in various biological
systems such as cell migration, growth, differentiation,
and apoptosis. Therefore, drug design based on RGD
structure may provide new treatments for diseases
[107]
such as thrombosis, osteoporosis, and cancer .
Dual-ligand system may possess a synergistic effect
and create a more ideal drug delivery effect. Based on
[108]
the above factors, Mei et al
designed a multistage
liposome system co-modified by RGD, TAT peptide,
and cleavable PEG, which combined the advantages
of PEG, specific ligand, and penetrating peptide
(TAT). TAT is the basic region of the trans-activating
[109]
transcriptional activator protein from HIV-1 , which
is able to transport different molecules and even 200
nm nanocarriers across biological barriers to be taken
[110,111]
up by various cell lines like HCC
. The cleavable
PEG could increase the stability and circulation time
of liposomes during circulation. After the passive
extravasation to tumor tissues, RGD specifically
recognizes the integrins over-expressed on HepG2
cells of HCC and mediates efficient internalization in
the synergistic effect of RGD and TAT. In vitro cellular
uptake and 3D tumor spheroid penetration studies
have demonstrated that the system could not only
be selectively and efficiently taken up by the cells’
over-expressing integrins, but also penetrate into the
tumor cells to reach the depths of the avascular tumor
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spheroids. In vivo imaging and fluorescent images
of tumor section have further demonstrated that this
system achieves profoundly improved distribution
within tumor tissues.
[112]
Studies of Cai et al
demonstrated that the
targeting of RGD-coupled to poly(ethylene glycol)modified stearic acid-grafted chitosan (PEG-CS-SA)
micelles to HCC tumor vasculature is a promising
strategy for tumor-targeting treatment. DOX was
entrapped in the micelles as a model anticancer drug.
Qualitative and quantitative analyses of drug-loaded
RGD-PEG-CS-SA micelles indicated significant increase
of cellular uptake of DOX in HCC cell line (BEL-7402)
that over-expressed integrins ανb3 and ανb5, but not
in human epithelial carcinoma cell line (Hela). The
competitive cellular-uptake test showed that the
cellular uptake of RGD-modified micelles in BEL-7402
cells was significantly inhibited in the presence
of excess free RGD peptides. In vitro cytotoxicity
tests demonstrated that DOX-loaded RGD-modified
micelles could specifically enhance cytotoxicity against
BEL-7402 compared to DOX-loaded PEG-CS-SA and
free DOX.
Carboxy methyl cellulose-magnetic NPs have been
synthesized using epithelial cell adhesion molecule
(EpCAM) as a target on HCC cells. The in vitro MR
imaging shows a higher uptake of the targeted
magnetic NPs by cancer cells. DOX is loaded to these
NPs and the accumulation of DOX in cancer cells is
proved higher than that of free DOX or untargeted
NPs. This nanoprobe is suggested to be useful for the
[113]
delivery of therapeutics and imaging compounds .
PEG is grafted to polyethylenimine (PEI), modified
by RGD tripeptide and functionalized by super
paramagnetic iron oxide NPs (RGD-PEG-g-PEI-SPION)
for the targeted delivery of Survivin siRNA to human
HCC cell line Bel-7402. RGD conjugated NPs have
higher efficacy in silencing Survivin gene in cancer
cells compared to the non-targeted carriers. This gene
suppression in conjunction with induced cell apoptosis
leads to tumor growth inhibition in the mouse model of
HCC. The SPION functionalized NPs also allow for the
efficacious MIR imaging of targeted cells in vitro and
in vivo, which suggests that this specific carrier might
be a potential candidate for imaging and treatment
[114]
purposes in human HCC .
Degradable and biocompatible building blocks
of amphiphilic derivatives of poly(benzyl malate)
are synthesized for the production of functional NPs
bearing biotin molecules for the targeted delivery of
an anti-cancer model drug, DOX. These NPs target
the biotin receptors over-expressed on the surface
of several cancer cells. Some of these biotinylated
NPs are grafted to cyclic RGD peptide to produce
biotinylated cyclic RGD NPs using the strong and
highly specific interactions between biotin and the
streptavidin protein. The fluorescent NPs grafted with
cyclic RGD had A more efficient uptake by the HepaRG
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hepatoma cells compared to biotinylated fluorescent
NPs. Furthermore, the targeting of HepaRG hepatoma
cells with NPs bearing cyclic RGD is a very efficient
[115]
and suitable targeting agent for liver cells . Figure 3
shows the schematic representation of the biotinylated
cyclic RGD NPs loaded with DOX.
Knocking down of integrin subunits slows down
the progression of HCC, which is due to the significant
retardation of HCC progression, reduced proliferation,
and increased tumor cell death accompanied by the
reduced activation of the MET oncogene as well as
expression of its mature form on the cell surface. MET
is a receptor tyrosine kinase located at the membrane
that is essential for embryonic development and
wound healing. Hepatocyte growth factor (HGF) is
the only known ligand of the MET receptor. MET is
normally expressed by the cells of epithelial origin,
while HGF expression is restricted to the cells of
mesenchymal origin. Upon HGF stimulation, MET
induces several biological responses that collectively
give rise to a program known as invasive growth.
Transformed proliferating cells from HCC are more
sensitive to the knock-down of integrins than normal
hepatocytes, which highlights the potential of small
interfering RNA-mediated inhibition of integrins as
an anti-cancer therapeutic approach. All integrin
receptors in hepatocytes are down-regulated using
the nanoparticulate delivery of short interfering RNAs
targeting b1 and αv integrin subunits. Short-term (2
wk) integrin knock-down does not cause apparent
structural or functional perturbations of normal liver
tissue. However, sustained integrin down-regulation for
[116]
7 wk alters liver morphology .

Folate receptors

Folate is a basic component of cell metabolism, DNA
synthesis, and repair, and rapidly dividing cancer cells
have an increased requirement for folate to maintain
DNA synthesis, an observation supported by the
widespread use of antifolates in cancer chemotherapy.
Because folate receptors (FR) are over-expressed
in tumor cells, folate is frequently conjugated with
different nanocarriers like polymeric micelles for
targeted drug delivery to improve drug efficacy and
[117,118]
safety of antitumor drugs
. FR is a glycosyl
phosphatidinositol-anchored membrane protein which
is over-expressed in 90% ovarian carcinomas and
many types of other epithelial cancers like HCC. Folate
receptors (FRα, FRb, and FRg) are cysteine-rich cellsurface glycoproteins that bind folate with high affinity
[119-123]
to mediate the cellular uptake of folate
.
The expression levels of FR in normal tissues are
much lower than in tumor tissues. FRα are especially
expressed at high levels in numerous cancers to meet
the folate demand of rapidly dividing cells under low
folate conditions. FR is an ideal target for drug delivery
thanks to its distinct expression between normal and
malignant tissues. Folate dependency of many tumors
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Figure 3 Schematic representation of the biotinylated cyclic Arg-Gly-Asp nanoparticles loaded with doxorubicin. PEG: Polyethylene glycol; RGD: Arg-Gly-Asp.

has been therapeutically and diagnostically exploited
by the administration of anti-FRα antibodies, highaffinity antifolates, folate-based imaging agents, and
folate-conjugated drugs and toxins. Folate, the natural
ligand of FR, has been extensively investigated for
chemotherapeutic NP delivery considering its inherent
[124-127]
high affinity, small size, and non-toxicity
.
The effect of targeted folate-functionalized
polyethyleneglycol-block-poly (e-caprolactone) (PEGPCL) micelles containing superparamagnetic iron oxide
NPs (SPIONs) and sorafenib on the human hepatic
carcinoma (HepG2) cells has been studied in vitro
to observe the feasibility of the surveillance of this
targeting therapeutic effect by magnetic resonance
imaging. Magnetic resonance imaging using a clinical
1.5 T scanner is performed to detect changes in
the signal intensity of cells after incubation with the
targeted micelles. The apoptotic rate in the targeted
cells is significantly higher than that in the nontargeted cells (P = 0.043). The T2 signal intensity on
magnetic resonance imaging of the cells treated with
the targeted micelles is significantly decreased with
increasing the concentrations of sorafenib in the cell
culture medium; but, there is no obvious decrease
in signal intensity in the cells treated with the nontargeted micelles. The results of this study show
that polymeric micelles functionalized with folate and
loaded with SPIONs and sorafenib inhibit proliferation
and induce the apoptosis in HepG2 cells in vitro. The
inhibitory events caused by targeted micelles could be
[128]
monitored using magnetic resonance .
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Although the expression of FR on HCC has been
[129-131]
proved and its different cell lines like Bel-7402
,
[132]
[133]
[134,135]
Hep3B , PLC/PRF/5 , and HepG2
have been
reported to be FR positive, the last one is controversial
and, in some references, it has been used as a FR
negative cell line. For example, biodegradable DTX
lipid-based nanosuspension (LNS) prepares as the
base nanocarrier system. NPs of LNS which are loaded
with DTX are either conjugated with folate (fLNS)
or coated with PEG (pLNS). These two nanocarriers
are tested on the tumor cell line of B16 as an overexpressing folate receptor (FR+) and HepG2 as its
under-expressing (FR-). In vitro studies have shown
no difference between the antitumor effect of tLNS
and pLNS in HepG2 cells, whereas in vivo studies in
B16 bearing mice have demonstrated a higher tumor
inhibition level with fLNS compared to pLNS and free
agent. Expectedly, the uptake of fLNS is found to be
[136]
higher after biodistribution studies .

Transferrin receptors

Cytotoxicity enhancement of two synthetic derivatives
of temozolomide encapsulated in nanostructured
lipid carriers (NLC) has been demonstrated for
[137]
HCC cell lines of HuH-6 and HuH-7
. Two types
[138]
of NPs were designed by Krishna et al
: one was
the NPs of apotransferrin and the second was BSA
conjugated to apotransferrin. Both were loaded with
DOX and comparative studies were performed. The
direct NPs of apotransferrin had a higher uptake by
HCC cell’s nucleus, even though both were efficiently
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internalized by TfR mediated endocytosis. The direct
nanodrug showed an improved circulation and
kinetic via intraperitoneal route and reduced the drug
accumulation in the heart via iv route; therefore, lower
DOX related cardiotoxicity was seen.
Decreased cardiotoxicity of DOX has been also
reported by apotransferrin and lactoferrin modified
NPs loaded with DOX which are applied in the rat HCC
model induced by diethylnitrosamine. Enhancement
of drug bioavailability and efficacy in a target[139]
specific mode is also achieved by these NPs
.
Apo-human serum transferrin coupled with cisplatin
could specifically deliver cisplatin to HepG2 cells in
vitro, minimize the side-effects, and then stimulate
[140]
apoptosis .
[141]
In the study by Malarvizhi et al , DOX was loaded
to poly(vinyl alcohol) nano-cores and sorafenib was
encapsulated in albumin nanoshell over the nanocore.
Sofarenib inhibited the oncogenic signaling and hence
a cytostatic effect, while DOX resulted in cytotoxicity.
When targeted with transferrin ligand, the cellular
uptake and cytotoxicity were enhanced. This core-shell
nanoparticle with two relevant medications caused
synergistic anti-cancer effects for the treatment of liver
cancer.

clinical studies to prove the efficacy of these materials
as effective non-viral vectors in gene delivery.
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Abstract
Liver cancer is one of the world’s most common
cancers and the second leading cause of cancer
deaths. Hepatocellular carcinoma (HCC), a primary
hepatic cancer, accounts for 90%-95% of liver cancer
cases. The pathogenesis of HCC consists of a stepwise
process of liver damage that extends over decades,
due to hepatitis, fatty liver, fibrosis, and cirrhosis
before developing fully into HCC. Multiple risk factors
are highly correlated with HCC, including infection
with the hepatitis B or C viruses, alcohol abuse,
aflatoxin exposure, and metabolic diseases. Over the
last decade, genetic alterations, which include the
regulation of multiple oncogenes or tumor suppressor
genes and the activation of tumorigenesis-related
pathways, have also been identified as important
factors in HCC. Recently, zebrafish have become an
important living vertebrate model organism, especially
for translational medical research. In studies focusing
on the biology of cancer, carcinogen induced tumors
in zebrafish were found to have many similarities to
human tumors. Several zebrafish models have therefore
been developed to provide insight into the pathogenesis
of liver cancer and the related drug discovery and
toxicology, and to enable the evaluation of novel smallmolecule inhibitors. This review will focus on illustrative
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examples involving the application of zebrafish models
to the study of human liver disease and HCC, through
transgenesis, genome editing technology, xenografts,
drug discovery, and drug-induced toxic liver injury.
Key words: Cancer model; Hepatocellular carcinoma;
Liver disease; Zebrafish; Drug screening
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma is one of the major
cancers in the world and involves multiple mechanisms
of tumor formation. Recently, the zebrafish has gained
acceptance as a platform for developmental biology,
drug toxicology, and translational medical research,
offering innovative methods for studying disease and
cancer formation. In this article, we summarize recent
advances in the study of HCC based on the zebrafish
as a model system through the use of transgenesis
tools, genome editing technology, xenografts, drug
hepatotoxicity, and novel drug discovery. Finally, we
emphasize how each system works and how the
technology was used in this cancer model.
Lu JW, Ho YJ, Yang YJ, Liao HA, Ciou SC, Lin LI, Ou DL.
Zebrafish as a disease model for studying human hepatocellular
carcinoma. World J Gastroenterol 2015; 21(42): 12042-12058
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i42/12042.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i42.12042

INTRODUCTION
Liver cancer is one of the world’s most common
cancers and the second leading cause of cancer
[1]
deaths, with nearly 745000 deaths recorded in 2012 .
The incidence of liver cancer is higher among men than
[2]
women . Hepatocytes are the main cells to constitute
70%-85% of the liver mass and are responsible for the
metabolism of carbohydrates, amino acids, lipids, and
chemical compounds as well as for the maintenance
[3-5]
of the physiological environment . Hepatocellular
carcinoma (HCC), a primary hepatic cancer, accounts
for 90%-95% of liver cancer cases. The pathogenesis
of HCC consists of a stepwise process of liver damage
that extends over decades, due to hepatitis, fatty liver,
fibrosis, and cirrhosis before developing fully into HCC.
Chronic liver damage induces genetic alterations of the
hepatocytes, leading to cell death, cellular proliferation,
dysplasia, and neoplasia. Multiple risk factors are
highly correlated with HCC, including infection with
hepatitis B virus (HBV) or hepatitis C virus (HCV),
[2,6]
alcohol abuse, aflatoxin exposure , and metabolic
[7]
diseases (Figure 1). These factors play critical roles
in regulating multiple oncogenes or tumor suppressor
genes and activating tumorigenesis-related pathways.
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Persistent viral infections are the critical cause
of HCC formation. Statistically, 57% of cirrhosis
cases and 78% of HCC cases result from HBV and
[8]
HCV infection . HBV infection causes chromosome
[9]
instability or insertional mutagenesis . In particular,
the HBV X protein (HBx), a small peptide with a
molecular mass of approximately 17 kDa, is vital in
the pathogenesis of HCC and becomes a prognostic
marker of HBV infection and HCC. HBV infection
plays an important role in the development of the
tumor microenvironment in HCC by regulating
the accumulation and activation of both cellular
components, such as immune cells and fibroblasts,
and non-cellular components of the microenvironment,
such as cytokines and growth factors. HBV thus
significantly affects the progress of the disease and
[10]
prognosis . HBx is able to enhance HBV replication,
interfere with host gene transcription, interrupt
protein degradation, regulate signaling pathways, and
[11]
deregulate the cell cycle to manipulate cell death .
[12,13]
Numerous studies
have confirmed that the
overexpression of HBx causes HCC.
HCV infection is the main risk factor for HCC in
developed countries, accounting for approximately
one-third to half of all cases. HCV infection leads to
activation of Notch and Toll-like receptor pathways in
cirrhosis, deregulation of the Janus kinase (JAK)/signal
transducer and activator of transcription (STAT)
pathway in early carcinogenesis, and upregulation of
DNA replication/repair genes and the cell cycle in the
[14]
late cancerous stages . HCV proteins such as the
core protein and nonstructural protein 5A interact with
host cells to regulate processes such as cell signaling,
transcriptional modulation, apoptosis, and endoplasmic
[15]
reticulum stress . A large number of HCV-infected
persons develop chronic HCV infection, which can lead
[16]
to liver fibrosis, cirrhosis, and HCC .
Alcohol is a co-carcinogen and is synergistic with the
above risk factors for liver cancer. Cirrhosis is observed
to have a high correlation with alcohol-associated
HCC. Alcohol activates the JAK/STAT and p38 mitogenactivated protein kinase (MAPK) pathways, which
responds by producing cytokines, chemokines, and
stress. These changes, in turn, affect cell differentiation
[17]
and growth . Acetaldehyde, a metabolite of alcohol,
is even considered to be a carcinogen as it increases
[18]
oxidative stress and damages DNA . These effects
may induce liver fibrosis and cause cirrhosis and HCC
development. However, approximately 5%-30% of HCC
patients lack any apparent identifiable risk factors for
their cancer. Non-alcoholic fatty liver disease (NAFLD)
is the hepatic component of metabolic syndromes
such as insulin resistance, obesity, hypertension, and
hyperlipidemia; it includes both simple steatosis and
[19]
non-alcoholic steatohepatitis (NASH) . NAFLD/NASH
itself becomes a risk factor for HCC, even in the
absence of cirrhosis, because insulin resistance and
inﬂammation are involved in HCC carcinogenesis.
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Normal liver
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HBV, HCV
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Chronic hepatitis
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Figure 1 Pathogenesis and risk factors of hepatocellular carcinoma. Hepatocellular carcinoma (HCC) formation results from multiple risk factors, including
hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, alcohol, Aflatoxin, and metabolic diseases. These risk factors induce chronic hepatitis, which activates
inflammatory pathways. After decades, this inflammatory stress leads to DNA damage and cell cycle dysregulation in hepatocytes, which eventually leads to the
development of HCC from chronic disease states, such as liver fibrosis and cirrhosis. Metabolic diseases progress into fatty liver diseases. NAFLD: Non-alcoholic fatty
liver disease; NASH: Non-alcoholic steatohepatitis.

Aflatoxin, especially Aflatoxin B1/AFB1, is a genotoxic
hepatocarcinogen and a kind of co-carcinogen. AFB1 is
metabolized by cytochrome-P450 enzymes to become
less harmful metabolites. However, aflatoxin B1-8,9epoxide (AFBO), the reactive intermediate chemical
compound, is a highly reactive genotoxic compound.
AFB1 and AFBO both bind to liver cell DNA and form
DNA adducts, causing DNA strand breakage, DNA base
[6,20]
damage, and oxidative damage
. AFB1 has been
found to accelerate the development of HCC initiated
by other risk factors.
The zebrafish has become a model organism
exploited in life science fields including embryonic
development, toxicity, cancer research, human diseases,
[21,22]
and drug screening
. The genome of the zebrafish
is comprised of 25 chromosomes, which contain the
full set of genes homologous to other vertebrates. After
the current zebrafish genome was fully sequenced,
approximately 70% of its orthologous genes were found
[23,24]
to be associated with human disease
. Zebrafish
have the following advantages and disadvantages: a
short life cycle, low maintenance costs, small space
requirements for maintenance, a large number of
offspring, immune system deficiencies in early zebrafish
embryos, transparency and transgenic lines, lower
numbers of cells required for xenotransplantation per
animal, availability for high-throughput drug screening,
small organs and blood vessels, low body temperature,
and a lack of organs such as lungs, among others.
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Compared to the mouse model, zebraﬁsh are inex
pensive and can be easily used to rapidly create a
transgenic animal model. Transgenes can be controlled
by ubiquitous, inducible, or tissue-speciﬁc promoters.
Furthermore, transparent zebrafish carry fluorescent
proteins that allow the visualization of specific cells
in real time. Such capabilities enable investigators
to observe and trace specific cells and to produce a
spatiotemporal analysis of gene expression. Therefore,
the zebrafish is a suitable option for monitoring
transgenic tumors from initiation, progression, and
metastasis to transplantation. In addition, the zebrafish
model can be used for large-scale genetic and high[25,26]
throughput screening
. These attributes make the
zebrafish a more flexible option among animal models
amenable to liver disease studies.
The genes and pathways involved in hepatogenesis
and liver cancer are largely conserved between
[27]
zebrafish and humans . Hepatocytes possess similar
functions in zebraﬁsh and mammals and demonstrate
similar genesis for shared histopathological characteri
[28]
stics such as steatosis, cholestasis, and neoplasia .
Expression of HCV core protein in transgenic zebrafish
treated with thioacetamide (TAA) was the first
application of zebrafish in HCC studies.
Pathological features observed in this transgenic
zebrafish model include steatohepatitis, fibrosis,
cirrhosis and HCC. Progression to HCC is reduced to six
weeks relative to TAA-treated wild type zebrafish and
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becomes a powerful preclinical platform for studying
the mechanism of hepatocarcinogenesis in evaluating
[29]
therapeutic strategies for HCC . Today, genome
editing technologies are rapidly advancing. Zinc-finger
nucleases (ZFNs), transcription activator-like effector
nucleases (TALENs), and clustered regularly interspaced
short palindromic repeat (CRISPR)/CRISPR-associated
(Cas) systems have been developed to rapidly induce
[30]
targeted genetic modifications . Such technologies
promote the generation of transgenic animal models.
This review focuses on the zebrafish model for HCC.
We summarize liver development and the anatomy of
the zebrafish. Subsequently, expression systems and
genome editing technologies are presented to examine
the current status of transgenic zebrafish development.
Finally, the zebrafish models for liver disease and HCC
are introduced for a better understanding of recent
findings regarding mechanisms, drug screening, and
drug-induced toxic liver injury.

OVERVIEW OF ZEBRAFISH LIVER
DEVELOPMENT AND ANATOMY
The liver is a critical organ for vertebrates. Hepato
cytes, the cell type which constitutes the majority of
the liver, play a major role diverse biological functions,
including digestion and metabolism through the
regulation of many essential nutrients, the storage
of vitamins, the decomposition of red blood cells, the
synthesis of plasma proteins such as prothrombin,
fibrinogen, and albumins, the production of hormones,
[31,32]
and detoxification in mammals
.
The zebrafish is effective as an animal model for
studying liver development because of its experimental
advantages, as has been demonstrated in numerous
publications. However, some characteristics of the
zebrafish liver differ from other vertebrates and
mammals. For example, hepatocytes are not noticeably
organized in cords or lobules, and the typical portal
triads are not obvious in the zebrafish liver. The
portal veins, hepatic arteries, and large biliary ducts
of zebrafish are spread randomly within the hepatic
parenchyma and are not grouped into portal tracts as
in the mammalian system. Moreover, the hepatocytes
are arranged as tubules that surround small bile ducts
rather than as bilayered hepatocyte plates as in the
mammalian system. The intrahepatic bile ducts are
derived from the bile canaliculi. The bile ducts fuse and
ultimately form the gallbladder. The bile is collected
in the gallbladder via large ducts and an extrahepatic
biliary system. Moreover, there are no Kupffer cells in
[33,34]
the zebrafish liver
. The liver of zebrafish contains
three lobes, one ventral and two lateral, which lie along
the intestinal tract. The liver of teleosts is similar to the
mammalian liver and plays a central role in metabolic
homeostasis, including the processing of carbohydrates,
proteins, lipids, and vitamins. In addition, it also plays
an important role in detoxification and the synthesis
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of serum proteins, including albumin, fibrinogen,
[34]
complement factors, and acute-phase proteins .
Similar to the process in the mammalian liver, hepato
genesis occurs in three major phases in zebrafish:
hepatoblast specification, budding/differentiation,
and hepatic outgrowth, accompanied by morpho
[28,35,36]
genesis
. Cells in the anterior endodermal rod
develop into hepatoblasts at 22 h post-fertilization
(hpf) through the expression of hhex and prox1 during
the hepatoblast specification phase. Hepatoblasts are
located on the left side of the anterior gut tube, and
the liver bud begins to form between 26 and 28 hpf.
Some marker genes, such as ceruloplasmin (cp) and
transferrin, are expressed in the liver bud at 32 hpf,
with the clear emergence of the liver primordium at
48 hpf during the differentiation phase. The liver bud
leaves the intestine at approximately 50 hpf. Due to
proliferative acceleration, hepatic outgrowth begins
between 60 and 72 hpf and continues until the liver
attains its apposite size, and a rapid growth phase of
[37]
the liver begins at 80-84 hpf . During the end of the
outgrowth phase (120 hpf), the liver relocates from
[28]
the left side to the right side .
Signaling molecules and transcription factors are
conserved in hepatogenesis between mammals and
zebrafish. These pathways also regulate early liver
development in zebrafish, though there are some
differences. FGF, BMP, and WNT signaling pathways
[38,39]
are crucial for hepatogenesis
. FGF signaling is
critical for hepatic specification in zebrafish and mice.
Overexpression of a dominant negative FGF-receptor
in zebrafish embryos between 18 and 26 hpf decreases
the later expression of hhex, prox1, gata4, gata6, and
[40]
cp . A previous study revealed that BMPs are vital
for zebrafish hepatic specification: zebrafish mutations
such as lost-a-fin or over-expression of a dominant
negative BMP receptor led to reduced expression of
some hepatic specification genes, such as hhex and
[40]
prox1 . Induction of wnt expression led to a block in
liver specification in early somitogenesis and created
an enlarged liver after a few hours in zebrafish liver
[41]
development .
Hepatogenesis is a complex process controlled by
many transcription factors. The earliest conserved liverspecific transcription factors regulating hepatogenesis,
such as hhex and prox1, are initially expressed
and play crucial roles in the zebrafish hepatic bud
[40,42-44]
at 24 hpf
. These hepatic nuclear factors also
participate in liver development and differentiation
[45]
in mammalian hepatogenesis . Some transcription
factors, including sox17, foxa1, foxa2, foxa3, and gata
family members are required for both the generation
[35,46,47]
of endoderm and the liver bud
. Recent research
indicates that several genes, such as liver-enriched
gene 1 (leg1), play important roles in the outgrowth
[48]
stage in zebrafish . Such research has also revealed
that hypoxia-inducible transcription factors, such as
hif2-alpha, directly regulate the hepatic outgrowth
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phase through binding to the promoter region of leg1
but do not directly regulate the liver specification
[49]
phase in zebrafish embryos .
According to the latest data, there is evidence that
epigenetic regulation of gene expression in zebrafish
liver development also plays an important role. Histone
acetylation (hdac) and DNA methylation (dnmtin) are
two major mechanisms regulating gene expression.
An analysis of mutations in hdac or dnmtin embryos
demonstrated that epigenetic regulation controls
both hepatic specification and outgrowth phases in
zebrafish liver development. For example, hdac1
mutants develop small livers as a result of hepatic
[50]
patterning defects . Embryos treated with an hdac
inhibitor at 24 hpf have also been shown to develop
a small liver due to inhibition of hhex and prox1 gene
expression. Furthermore, the knockdown of hdac1
and hdac3 results in multiple defects in embryos.
Aberrant hdac3 is more specific for liver development
as it regulates zebrafish liver growth by suppressing
growth differentiation factor 11, a member of the
[51]
TGF-β family of growth factors . Ubiquitin-like with
PHD and RING finger domains 1 (uhrf1) plays a role in
DNA methylation by recruiting DNA methyltransferase
1 (dnmt1) to hemimethylated DNA. The uhrf1 mutants
[52]
have defects in zebrafish hepatic outgrowth .

CONSTITUTIVE AND INDUCIBLE
EXPRESSION SYSTEMS FOR THE
DEVELOPMENT OF HCC MODELS IN
ZEBRAFISH
Over the past 25 years, the available zebrafish
[53,54]
transgenic technology has advanced significantly
.
Transgenesis is an essential technique as in other
model organisms. A variety of transgenic expression
systems exist for zebrafish, including constitutive and
inducible systems. Initial transgenes were plasmidbased with ubiquitous promoters driving the expression
of reporter genes and demonstrated that transgenic
technology was a viable, reproducible strategy in
zebrafish. In recent years, the use of transgenesis
in zebrafish has become widespread. Researchers
have used a mammalian promoter, promoters from
other fish species, and tissue-specific promoters to
[55]
drive gene expression . In general, the design of
most transgenic vectors thus far incorporates a single
promoter to control when and where a transgene
is expressed. The frequency of the development of
germline founders is associated with the method of
[53,56]
the introduction of the DNA. Supercoiled
or linear
[54]
DNA
injection yields 1%-10% germline transgenic
[57]
founders, while linearized ISce-I meganuclease yield
20%-30%. The rate of transgenesis has recently seen
a dramatic increase with the use of transposon-based
[58]
[59]
systems: 30% with Sleeping Beauty
and Ac/Ds ,
[60,61]
and 50% with Tol2
. The Tol2 element is an active
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transposable element found in Medaka genomes, and
subsequent production of some cloning vectors has
facilitated the use of this element in zebrafish, allowing
[62]
the generation of many transgenic fish lines . The
Tol2 element transposon can be efficiently excised and
integrated into the zebrafish genome using coinjection
[60]
with Tol2 mRNA and vector plasmid . Cloning
vectors from multiple sources, including mini inverted
repeat transposons and Tol2 transposase transcription
vectors, made use of multisite Gateway cloning
[63,64]
vectors
. In particular, the Tol2-kit was established
for the scientific community to allow the use of
versatile vectors. Gateway cloning technology is a
universal cloning method based on the att site-specific
recombination properties of bacteriophage lambda and
enables the rapid and highly efficient transfer of DNA
sequences into multiple vector systems for protein
[65]
expression and functional analysis . The online Tol2kit community (http://tol2kit.genetics.utah.edu/index.
php/Main_Page) provides detailed information and has
helped to make the Tol2 transposon system a routine
genetic engineering tool. Widely useful entry clones
were created by combining heat-shock protein 70
(hsp70), CMV/SP6, histone2A-X, β-actin, and upstream
activating sequence (UAS) promoters, cytoplasmic,
nuclear, membrane-localized fluorescent proteins and
Gal4VP16, IRES-driven GFP cassettes, and two Tol2based destination vectors, one with a Cmlc2/GFP
[64]
transgenesis marker . One of the most useful GFP
transgenic fish lines was derived with a zebrafish liver
[66,67]
fatty acid-binding protein (L-FABP) promoter
. A
zebrafish model for hepatocarcinogenesis has been
since developed through the expression of oncogenes
under the control of the L-FABP promoter. Liverspecific expression of HBx, src, and endothelin 1
(edn1) established with Tol2 methodology triggered
[68,69]
hepatocarcinogenesis in zebrafish
.
While previous studies demonstrated the utility
of constitutive expression systems, constitutive
expression of oncogenes is often found to lead to gross
tumor development which can result in embryonic
lethality. Inducible systems can avoid these potentials
deficiencies in constitutive systems as the duration
and dosage of gene expression can be monitored, thus
allowing for the spatiotemporal control of oncogene
expression. Inducible systems currently being used
include Heat-shock, Cre-loxP, GAL4-UAS, Tet-On,
[70]
Tet-Off, and Mifepristone systems
(Table 1). Heatshock proteins were originally identified in cells after
exposure to environmental stress. Induced jumps in
temperature have been used to achieve spatiotemporal
control of transgene expression in zebrafish embryos.
GFP linked to an hsp70 promoter has been used to
establish the pattern of gene expression induced by
heat shock. At a normal temperature, GFP expression
in transgenic embryos was not detectable. However,
single embryos heat-shocked by exposure to 38 ℃
for 30 min exhibited GFP expression in approximately
20%-90% of cells for more than 24 h after heat
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Table 1 Advantages and disadvantages of constitutive and inducible expression systems
Expression systems
Constitutive
Heat-shock
Cre-loxP
GAL4/UAS
Mifepristone
Tet-on/off-inducible

Advantages

Disadvantages

Well established, commercially available; in vitro and in
Expression of oncogenes may cause advanced/highly aggressive
vivo, successful methodology for expression of transgene
tumors and early lethality
Expression of transgene can be induced on a single cell
Adverse effects that may arise from the heat shock
level
Well established; commercially available; in vivo,
Not all tissue specific promoters are perfectly specific; leaky gene
successful methodology for expression of transgene
expression; two plasmid system
Well established; in vivo, successful methodology for
In vivo expression of GAL4 can have side effects, probably related to
expression of transgene
immune and stress responses; two plasmid system
Well established; in vivo, successful methodology for
Opening and closing of the switch is slow (hours to days); cell
expression of transgene
permeability of the RU-486 can be restricted
Well established; commercially available; in vitro and in
Opening and closing of the switch is slow (hours to days); cell
vivo, successful methodology for expression of transgene permeability of the doxycycline can be restricted; two plasmid system

[71,72]

treatment in a variety of tissues types
.
Multiple transgenic lines have been derived in
zebrafish through the use of tissue-specific expression
of Cre recombinase. Initially, a plasmid-based system
[73]
was developed for detecting Cre expression in vivo .
A neural progenitor-specific (nestin) promoter was
used to drive the expression of an mCherry gene,
flanked by loxP sites, and upstream of a promoterless
EGFP-fused to zebrafish kras-V12 oncogene, resulting
in the exclusive expression of mCherry. Once this
plasmid was exposed to Cre recombinase, the mCherry
gene was excised, and the EGFP gene, fused to the
[74]
oncogene, was controlled by the nestin promoter .
The GAL4-UAS system has also been successfully
exploited in zebrafish to misexpress genes in a tissuespecific manner. The GAL4-UAS methodology requires
two transgenic lines: the activator zebrafish line which
expresses the yeast transcriptional activator GAL4
under the control of a specific promoter, and the
effector zebrafish line which possesses the transgene
of interest fused to the DNA-binding motif (UAS) of
[75,76]
GAL4
. In 1999, an activator line was developed
to express GAL4 under the control of the β-actin
promoter. In these experiments, the transgene in the
effector line encoded a myc-tagged protein adjacent
[77]
to the UAS of GAL4 . This report demonstrated
that the cross of the effector line with an activator
line is necessary for gene expression. This strategy
was used to develop an HCC model. In this model,
walleye dermal sarcoma virus rv-cyclin gene (orf-A)
fused to the UAS of GAL4 was expressed in the livers
of zebrafish when crossed to animals harboring GAL4
[78]
under the control of L-FABP promoter .
Chemically inducible expression systems (Tet-On,
Tet-Off, and Mifepristone) have also been used in
[79-82]
zebrafish
. The Tet-On and Tet-Off systems are
binary transgenic systems in which the expression
of a transgene is dependent on the activity of an
exogenous inducible transcriptional activator. In
both the Tet-On and Tet-Off systems, expression
of the transcriptional activator can be regulated
both reversibly and quantitatively by exposing the
transgenic animals to varying concentrations of
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tetracycline derivatives, such as doxycycline (Dox).
The design of the Tet-On and Tet-Off systems allows
tissue-specific promoters to drive the expression of
the reverse Tet-controlled transcriptional activator
(rtTA) and Tet-controlled transcriptional activator (tTA),
resulting in tissue-specific expression of the regulated
[55]
target transgene .
Several HCC models have been developed using
[80,83]
such technology. Li et al
fused the xiphophorus
xmark and mouse myc oncogenes to the rtTA
responsive element, and placed the rtTA transgene
was under the control of the 2.0-kb L-FABP promoter.
[81]
Liu et al
fused the HBV and HCV oncogenes to the
tTA responsive element, and placed the tTA transgene
under the control of the 2.8-kb L-FABP promoter. In
the mifepristone inducible LexPR system, the LexPR
chimeric transactivator was fused to a 2.0-kb L-FABP
promoter to produce the driving zebrafish line, and
the effector zebrafish line contained EGFP-fused to
zebrafish kras-V12 oncogene under the control of the
LexA-binding site. Expression was induced by exposing
animals to varying concentrations of mifepristone
[81]
(RU-486) . In these studies, dose-dependent, Dox,
or mifepristone mediated activation of oncogene
expression were detected in the liver of the transgenic
zebrafish.

GENOME EDITING TECHNOLOGY
FOR GENE KNOCKOUT AND LOSS OF
FUNCTION IN ZEBRAFISH
Over the past two decades, genetic engineers have
made great strides in developing a reliable technique
to examine genotypes. Gene knockdown using small
interfering RNAs and microRNAs restore the function
of dysfunctional genes, but the main disadvantages
are off-target interactions and the temporary nature of
inactivation achieved through these methods. Today,
ZFNs, TALENs, and CRISPR/Cas have become wellestablished genome editing tools for customizing
[83-85]
genomes in human, animal, and plant cells
.
The characteristics and gene editing capabilities in
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Table 2 Characteristics of three genome editing systems
Nucleases
DNA binding domain
Endonuclease
Binding specificity of each repeat
Target site length
Off-target
Libraries generation

ZFN

TALEN

CRISPR/Cas

Multiple zinc finger peptides
Fok1
3 bp
18 to 36 bp
High probability
No

Transcription-activator like effectors
Fok1
2 bp
30 to 40 bp
Low probability
Feasible, depend on technology

CRISPR-derived RNA/Single-guide RNA
Cas9
1 bp
23 bp
Variable
Yes, cloning 20 bp, oligos targeting each
gene into a plasmid
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Figure 2 Schematic representation of programmable engineered nucleases of ZFNs, TALENs and CRISPR/Cas.

complex genomes of ZFNs, TALENs, and CRISPR/Cas
systems are summarized in Table 2 and Figure 2. RNAprogrammable DNA nucleases have been adapted as
a precise genetic scissors for correcting and editing
[86]
genetic defects . Site-specific nucleases induce DNA
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double strand breaks (DSBs) that stimulate nonhomology end joining (NHEJ) and homology-directed
[2]
repair (HDR) for targeted genomic loci .
As one of the numerous DNA-binding motifs in
eukaryotic genomes with the ability to recognize
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[87,88]

any sequence
, ZFNs are being widely applied to
anything in biological research, from the design of
[89]
animal models to human gene therapies . A ZFN
is composed of two domains: a site-specific DNAbinding domain, which is derived from a zinc finger
containing transcription factor, and a bacterial Fok1
restriction enzyme endonuclease domain. The zinc
finger protein recognizes a 3-bp sequence of DNA on
the major groove, with its tandem repeats potentially
attaching to a stretch of nucleotides between 9 and 18
[90]
bp long .
To perform site-specific cleavage of DNA, two
ZFN monomers are necessary for the process; one
monomer recognizes the binding site on the forward
strand while the other recognizes it on the reverse
strand. The ZFN binding on both strands enables
higher specificity targeting and dimerization of Fok1 in
[91]
an adequate space , so that the pair of Fok1 nuclease
domains can cleave the DNA generating a DSB. Cells
then utilize either NHEJ or HDR to repair DSBs. The
manner in which NHEJ introduces frameshifts into
the coding region to knock out a gene, achieved for
example through nonsense-mediated mRNA transcript
disintegration, is not especially efficient. HDR, however,
is used to generate a specific mutation by means of a
repair template containing the desired mutation-paired
[92]
oligonucleotide .
Zinc finger proteins with diverse binding speci
ficities are designed using several methods. Modular
assembly, which involves a preselected library
comprising zinc finger domains for the recognition
of 64 nucleotide triplets, is one way of generating
[93]
customized zinc finger domains . To identify the
perfect combination, oligomerized pool engineering
utilizes a zinc finger array, and through bacterial-based
selection, identifies proteins that bind efficiently to the
[94]
target site . Other strategies also apply zinc finger
modular assembly based on context-dependent DNA
to produce ZFNs with endonuclease (endogenous)
[95]
activities . Although ZNFs offer convenience and
are widely utilized, they still possess a high off-target
[96]
effect , which may be improved by developing a
heterodimer composed of ZFNs with different Fok1
[97-99]
domains to cleave target DNA
.
TALENs contain a DNA-binding domain and a
Fok1 catalytic domain, just like ZFNs, for genomic
engineering. A DNA-binding domain is constructed
with an N-terminal segment, a central repeat domain,
and a half repeat. The central repeat domain is
comprised of several monomers that are called
transcription activator-like effectors (TALEs). TALEs
are effector proteins that are secreted from the
bacteria of the Xanthomonas genus. They were first
found in plant cells, enhancing their susceptibility
[100]
to pathogens
. TALEs are tandem repeats of a
[101]
34-amino-acid domain
, and positions 12 and
13 are known as repeat-variable di-residue (RVD)
domains used to determine the specificity of the
TALEs. There are four RVD domains, NN, NI, HD, and
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NG, for the recognition of guanine, adenine, cytosine,
[102]
and thymidine, respectively
. TALEs function as
eukaryotic transcription factors via DNA binding to
activate target gene expression. Fok1 is located in
the C-terminal segment and generates a DSB in
a spacer sequence. TALENs therefore can be used
[103]
for targeted gene disruption
. It is challenging to
construct TALE repeats because each TALE repeat
unit has high similarity. Specific methods, such as the
[104]
restriction enzyme and ligation method
, Golden
[105]
Gate cloning
, and fast ligation-based automated
[106]
solid-phase high-throughput system
have all been
designed for the rapid assembly of specific TALENs,
so that custom-designed TALENs are in fact a realistic
possibility for genetic engineering.
CRISPR/Cas is a prokaryotic defense system against
invasion of foreign DNA, utilizing an RNA-guided DNA
cleavage system. Small fragments (protospacers) of
foreign DNA are inserted at repeat sequences in their
[107]
own genomes to form CRISPR . The type Ⅱ system
consists of a trans-activating crRNA (tracrRNA) in
addition to the primary CRISPR RNA transcript (precrRNA) transcribed from the protospacers, which is
[108]
subsequently processed into short crRNAs
. To
achieve direct sequence-specific DNA recognition and
cleavage, CRISPR-associated protein 9 (Cas9) must
be complexed with both the crRNA and the tracrRNA,
with the crRNA providing the sequence required
for target recognition through Cas9. The essential
targeting component (5’-NGG-3’ protospacer adjacent
motif sequence) is located upstream of the crRNA,
which is recognized through the Cas9. Through this
mechanism, CRISPR/Cas systems cleave the target
DNA sequence of 23 bp. Compared to ZFNs and
TALENs, the generation of a CRISPR/Cas target specific
endonuclease is much easier with the methods of
[109]
cloning and transcription . Recently, a CRISPR/Cas9
construct was established for tissue-specific gene
disruption in zebrafish, and this vector system may
become a unique tool to spatially control targeted
somatic mutations, gene knockout and loss of function
[110]
studies in zebrafish .

HCC AND LIVER DISEASE MODELS IN
TRANSGENIC ZEBRAFISH
The most studied oncogene associated with the
development of HCC is the HBx antigen from HBV. HBx
has been shown to induce HCC in mice and enhance
[111-113]
colony formation in HCC cell lines
. Transgenic
mouse models indicate that HCV is directly pathogenic
[114,115]
and oncogenic
. AFB1 is one of the most
[116]
prominent carcinogens associated with HCC , and it
is known to induce formation of DNA adducts and p53
[117]
mutations in liver cell lines . Mutational inactivation
of p53 has been described as one of the key molecular
[118]
mechanisms involved in the pathogenesis of HCC .
AFB1 is synergistic with other factors as AFB1 treatment
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induced significantly more liver tumors in HBx and HCV
[114,115]
transgenic mice than in wild-type mice
.
Models for liver disease and HCC have been
generated in zebrafish through the tissue specific
expression of such oncogenes regulated by the L-FABP
promoter. In zebrafish, HBx overexpression causes
hepatic fat accumulation and liver degeneration in
[119]
a wild-type background
. Tumorigenesis however
requires inactivation of the p53 tumor suppressor
pathway, either through mutation of the gene itself
or aberrant expression of a negative regulator,
such as murine double minute 2 (mdm2) protein.
Overexpression of mdm2 alone in the zebrafish liver
[120]
leads to growth retardation and a fragile liver
.
Another oncogene affecting the p53 pathways is
gankyrin. This protein binds ubiquitin protein ligase
mdm2 which promotes p53 degradation. The inhibition
of p53 function through any of these mechanisms
prevents the activation of p53-dependent apoptotic
genes, which leads to cell survival, genomic instability,
[121]
and oncogenic transformation
. Overexpression of
gankyrin was found to induce hepatic steatosis and
regulated miR-16, miR-27b, miR-122, and miR-126.
The protein has also been shown to be involved in lipid
[122]
metabolism .
UHRF1 is an important regulator of DNA methy
lation that is highly expressed in many cancers.
UHRF1 overexpression destabilizes and delocalizes
dnmt1, causing DNA hypomethylation, p53mediated senescence, and hepatocarcinogenesis in
[123]
zebrafish
. Cyclins are involved in tumor formation
and cell death. rv-cyclin may also play a role in
walleye dermal sarcoma tumor regression by inducing
[124,125]
apoptosis
. Liver-specific expression of walleye
dermal sarcoma virus rv-cyclin (orf-A) in zebrafish
protects the fish liver from damage with treatment of
7,12-Dimethylbenz[a]anthracene and delays the onset
[78]
of malignancy .
Edn1 has been identified as a gene that is
significantly up-regulated in HBx-induced HCC in the
[126]
mouse model . Liver-specific induced expression of
edn1 caused steatosis, bile duct dilation, hyperplasia,
[68]
and HCC in zebrafish . Expression of the transcription
factor Yin Yang 1 (YY1) was also significantly upregulated by HBV in a concentration-dependent
[127]
manner . A previous study has demonstrated through
chromatin immunoprecipitation that HBx interacts with
[128]
YY1 . CCAAT/enhancer-binding protein alpha which
controls differentiation of hepatocytes was found to be a
[129]
direct target down-regulated by YY1 . Overexpression
of YY1 promoted zebrafish liver steatosis and
lipotoxicity by inhibiting C/EBP homologous protein 10
[130]
expression .
Excessive food intake and increased weight gain to
the point of obesity is one of the causes of steatosis.
Activation of cannabinoid receptor 1 (CB1R) is a
molecular mechanism underlying the regulation of
food intake, weight gain, and obesity in mammals.
Tet-Off conditional expression of the zebrafish CB1R

WJG|www.wjgnet.com

ortholog gene promoted hepatic lipid accumulation
and lipotoxicity through the induction of srebp-1c
[131]
expression in zebrafish . In vertebrates, apoptosis is
a fundamental part of normal embryonic development
and participates in sculpting organs and regulating
cell populations. zfBLP1 and zfMcl-1a are functionally
similar to members of the Bcl-2 family, which inhibit
apoptosis. Overexpression of zfBLP1 or zfMcl-1a in
[132]
zebrafish larval liver induced hyperplasia .
Combined treatment of zebrafish with HBx and
AFB1 induced hepatitis, steatosis, and liver hyperplasia
[133]
during the early stages of hepatocarcinogenesis
.
HBx and src overexpression induced HCC in p53
mutant zebrafish and revealed a role for src in HCC
[69]
progression . TAA enhanced the development of
steatohepatitis, cirrhosis, and HCC induced by the
expression of the HCV core protein in transgenic
[29]
zebrafish . In vitro, the HCV core protein has been
shown to directly activate the RAS-RAF-MEK-ERK
[134]
pathway
. In human HCC, Ras proto-oncogenes
are activated in as many as 50% of all HCC cases,
which leads to activation of downstream signaling
pathways including RAF-MEK-ERK and PI3K-AKTmTOR. Approximately 7% of HCCs carry activating
mutations in the K-RAS oncogene, which is higher
than the percentage of cases carrying H-RAS and
N-RAS mutations. A high level of kras-V12 expression
induced through constitutive or inducible mechanisms
[81,135]
initiated liver tumorigenesis in zebrafish
. The
co-expression of HBx and the HCV core protein
trigger intrahepatic cholangiocarcinoma in transgenic
[80]
zebrafish . However, transgenic zebrafish over
expressing HBx or HCV individually do not develop
HCC.
Recently, expression of kras-GV12 and xmrk,
the homolog of mammalian epidermal growth factor
receptor oncogene, in zebrafish with Tet-On conditional
methodology has been reported as an outstanding
model for revealing new therapeutic targets involved in
[79,136]
oncogene-regulated hepatocarcinogenesis
. RNA
sequencing analysis of an xmrk transgenic HCC model
revealed a potential role for immune responses in HCC
progression and regression. This model may provide
molecular insight into the targeted inhibition and
[137]
significance of immune response in tumor regression .
The liver is one of the most important organs
[138]
for the study of autophagy
. In fact, liver tumors
are one of the main phenotypes in knockout mice
[139]
of autophagy-related genes
. In zebrafish, the
EGFP-Lc3 transgenic line crossed with the xmrk
transgenic line yielded animals susceptible to HCC and
thus, demonstrated that autophagy plays an important
[140]
role in HCC development
. Cross-species analyses
demonstrated that Tet-On conditional expression of
myc in a zebrafish model paralleled findings in myc
mouse models for HCC. Elevated myc expression in
zebrafish caused liver hyperplasia, adenoma, and HCC.
Myc-induced liver tumors in zebrafish also possessed
molecular signatures that were similar to those from
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mouse and human HCC. This zebrafish model thus
revealed a conserved role for myc in promoting
[82]
hepatocarcinogenesis in all vertebrate species . RNA
expression profiling of liver tumors from the three
different zebrafish models, xmrk, kras-G12V, and myc,
showed however relatively little overlap in significantly
deregulated genes and biological pathways. However,
these three transgenic tumor signatures were found to
be significantly correlated with advanced or late stage
[141]
human HCC .
In human HCC, deregulation of MYC is frequently
detected and correlated with poor prognosis. Two
differentially expressed MYC orthologs exist in the
zebrafish genome: myca and mycb. Overexpression
of myca and mycb in the liver using a mifepristoneinducible system demonstrated that both myc genes
were oncogenic. myca overexpression accelerated
tumor progression and reduced apoptosis in p53 mutant
zebrafish. Malignant hepatocytes were dependent
on sustained myca expression; withdrawal of the
mifepristone inducer resulted in a rapid regression of
HCC, with liver tumor regression occurring even in a
[142]
p53 mutant background .
RhoA is a member of the RHO small GTPase
family, which is highly homologous to the RAS. These
proteins are also involved in the regulation of cell cycle
dynamics, and are key molecules for cell growth and
tissue development of the switch. Expression levels
and the overall activity of RhoA has been found to be
[143]
elevated in HCC
. Tet-On conditional expression of
kras-G12V, rhoA, constitutively active rhoA-G14V,
dominant-negative rhoA-T19N, or kras-G12V plus
one of the three rhoA genes, was also examined in
zebrafish. Overexpression of kras-G12V during early
development led to liver enlargement and hepatocyte
proliferation. The increase in liver size was augmented
by the dominant-negative rhoA-T19N, but abrogated
by the constitutively active rhoA-G14V. This study
revealed the existence of signaling crosstalk between
kras-V12 and rhoA in regulating liver overgrowth and
[136]
hepatocarcinogenesis . Based on these results, the
zebrafish emerges as a model system for elucidating
the mechanisms of hepatocarcinogenesis and for
screening drugs to inhibit the oncogenic effects of
specific genes (Table 3).

POTENTIAL APPLICATIONS OF
XENOGRAFTS AND ZEBRAFISH HCC
MODELS IN DRUG DISCOVERY
The United States Food and Drug Administration
approves only a few new chemical entities for clinical
usage each year because the investigation of new
drugs is a lengthy and costly process. Drug-discovery
generally proceeds first through in vitro assays, where
cell proliferation, cytotoxicity, marker expression,
motility, activation of specific signaling pathways, and
changes in morphology are examined in response
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[144]

to treatment with small molecules
, and second
through in vivo screening where endpoints such as
extended life span can be evaluated. The zebrafish
has the advantage of combining both processes in a
single model. It is a high-throughput and in vivo model
simultaneously; therefore, the zebrafish might improve
the success rate in the later stages of preclinical drug
development while reducing the cost and the time
[70]
necessary for the screening process .
The trend of using zebrafish embryos in screening
for anti-cancer drugs continues to rise. The use of
computational drug design and screening of zebrafish
embryos has successfully uncovered a novel lead
compound that displays selective inhibitory effects
on CDK2 activity, cancer cell proliferation, and tumor
[145]
progression in vivo .
Zebrafish/tumor xenograft models have been
used to study angiogenesis, invasion, and metastasis.
One advantage of zebrafish is that the embryos are
transparent, allowing the observation of labeled tumor
cells and the evaluation of response to candidate
[146]
molecules in a high-throughput format in vivo
. In
order to achieve maximum transparency, zebrafish
embryos are incubated in an egg medium with 0.3%
phenylthiourea to prevent the formation of pigments.
(In the mouse system, the spatial resolution is limited
in vivo due to normal opacification of the skin and
subdermal structures). Tumor cells labeled with CM-Dil,
a lipophilic fluorescent tracking dye, are injected into
the perivitelline space or yolk of embryos at 48 hpf and
are followed thereafter. fli1:gfp transgenic embryos
and the whole-mount akaline phosphatase vessel
staining assay allows for rapid and relatively easy
investigation of tumor angiogenesis, cell dissemination,
invasion, metastasis, and anti-vascular endothelial
[68,147]
growth factor (VEGF) drugs for cancer therapy
.
Transgenic zebrafish (vegfr2:grcfp) where GFP
expression is restricted to blood vessels have been
used to screen a compound library for antiangiogenic
compounds. SU4312 and AG1478, two known antiangiogenic compounds, were used as positive
controls in the screen. Two new compounds with no
previously described antiangiogenic activity, indirubin3’-monoxime (IRO) and EM011 (9-bromonoscapine),
[148,149]
were also identified
. Embryos of the transgenic
flk:gfp zebrafish were also used in screening the
compound library. One lead compound, rosuvastatin,
was identified which could inhibit the growth of the
[150]
zebrafish intersegmental vessels
. The zebrafish
tumor xenograft model represents a new tool for
investigating the neovascularization process and is
exploitable for drug discovery as well as gene targeting
in tumor angiogenesis.
In zebrafish HCC models, mifepristone-induced
kras-V12 transgenic larvae treated with MEK1/2
inhibitor PD98059 resulted in the inhibition of hyper
plastic liver growth in 49% of cases. Inhibition of
PI3K-AKT-mTOR signaling by LY294002 or rapamycin
restored the normal liver phenotype in 57% and
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Table 3 Zebrafish animal models of liver disease and hepatocellular carcinoma
Transgene name

Expression system

Liver pathology

Ref.

cnr1 (Zebrafish)
edn1 (Zebrafish)
gankyrin (Zebrafish)
HBx (Human)
HBx + AFB1 (Human)
HBx + HCV (Human)
HBx + p53M214 (Human)
HBx + src (Human/Zebrafish)
HCV (Human)
HCV + TAA (Human)
kras-G12V (Zebrafish)
kras-G12V (Zebrafish)
kras-G12V (Zebrafish)
kras-G12V + p53M214 (Zebrafish)
kras-G12V + RhoA (Zebrafish)
kras-G12V + RhoAG14V (Zebrafish)
kras-G12V + RhoAT19N (Zebrafish)
Lc3 (Rat)
mdm2 (Zebrafish)
MYC (Mouse)
myca (Zebrafish)
myca + p53M214 (Zebrafish)
mycb (Zebrafish)
orf A (Human)
src (Zebrafish)

Tet-off-inducible
Constitutive
Constitutive
Constitutive
Constitutive
Tet-off-inducible
Constitutive
Constitutive
Constitutive
Constitutive
Mifepristone
Constitutive
Tet-on-inducible
Constitutive
Tet-on-inducible
Tet-on-inducible
Tet-on-inducible
Constitutive
Constitutive
Tet-on-inducible
Mifepristone
Mifepristone
Mifepristone
GAL4/UAS
Constitutive

[132]
[69]
[123]
[120]
[134]
[81]
[70]
[70]
[29]
[29]
[82]
[82]
[137]
[82]
[137]
[137]
[137]
[141]
[121]
[83]
[143]
[143]
[143]
[79]
[70]

src + p53M214 (Zebrafish)
UHRF1 (Human)
UHRF1 + p53M214 (Human)
xmrk (Xiphophorus)
yy1 (Zebrafish)
zfBLP1 (Zebrafish)
zfMcl-1α (Zebrafish)

Constitutive
Constitutive
Constitutive
Tet-on-inducible
Constitutive
Constitutive
Constitutive

Steatosis
Steatosis, bile duct dilation, hyperplasia and HCC
Atrophy, hypoplasia and steatosis
Hypoplasia and steatosis
Hepatitis, steatosis and hyperplasia
Intrahepatic cholangiocarcinoma
Chronic inflammation, steatosis, bile duct dilation, dysplasia and HCC
Chronic inflammation, steatosis, bile duct dilation, dysplasia and HCC
Steatosis
Steatosis and HCC
Hyperplasia and HCC
Hyperplasia and hepatocellular adenoma
Hyperplasia, hepatocellular adenoma and HCC
Hyperplasia and hepatocellular adenoma
Hyperplasia, hepatocellular adenoma and HCC
Hyperplasia, hepatocellular adenoma and HCC
HCC
Investigation of liver autophagy
Atrophy, contraction and hypoplasia
Hyperplasia and hepatocellular adenoma
Small, typical, hypervascular and ascites of liver tumor
Small, typical, hypervascular and ascites of liver tumor
Small, typical, hypervascular and ascites of liver tumor
Delayed onset of liver tumor
Chronic inflammation, steatosis, bile duct dilation, hyperplasia,
dysplasia and HCC
Steatosis, hyperplasia, dysplasia and HCC
Atypical cells, dysplastic foci and HCC
Atypical cells, dysplastic foci and HCC
Hyperplasia, hepatocellular adenoma and HCC
Steatosis
Hyperplasia
Hyperplasia

[70]
[124]
[124]
[80]
[131]
[133]
[133]

HCC: Hepatocellular carcinoma; HBx: Hepatitis B virus X protein; HCV: Hepatitis C virus.

69% of kras-V12 transgenic larvae, respectively.
Results furthermore demonstrated that blocking two
pathways in kras-V12 transgenic larvae resulted in
[81]
a more significant anti-tumor effect (78%-96%) .
Recently, liver tumors were induced in doxycycline
regulated xmrk transgenic fish with 100% penetration
in both juveniles and adults. Overexpression of xmrk
activated downstream targets of MEK1/2 and STAT5,
which led to increased cell proliferation during tumor
progression and enhanced apoptosis during tumor
regression. Juvenile fish were also exposed to MEK1/2
inhibitor PD98059 or STAT5 inhibitor nicotinohydrazide
in combination with doxycycline. After three weeks of
treatment, abdomens and livers in 100% of transgenic
fish exposed to either inhibitor were reduced relative
[79]
to untreated transgenics . Transient expression of the
HCV core protein under the control of a CMV promoter,
human hepatic lipase promoter, and zebrafish L-FABP
enhancer in zebrafish embryos was used as a possible
model to examine HCV replication and treatment with
drugs. The amplified sub-replicon was evidence of high
expression of HCV core RNA and protein. This model
was used to evaluate efficacy of four HCV clinical
drugs: oxymatrine, ribavirin, IFNa-2b, and vitamin
B12. Vitamin B12 inhibited HCV core mRNA and
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protein levels in a dose-dependent manner. Ribavirin
and oxymatrine drugs also significantly inhibited
replication of the HCV sub-replicon. Such models may
provide a novel strategy for studying mechanisms of
HCV replication as well as facilitate the discovery of
[151-153]
new anti-HCV drugs
.

ZEBRAFISH MODELS FOR STUDYING
DRUG-INDUCED TOXIC LIVER INJURY
Drug-induced liver injury (DILI) is a major problem
in clinical pharmacology. Here, zebrafish is also
[25]
promising as an animal model . Zebrafish is a highthroughput in vivo model that can be potentially
used to predict which therapeutic compounds
will cause DILI in humans as well as present new
markers and molecular mediators of DILI. One of the
most important features of the model is that drug
metabolization in zebrafish is mediated through similar
[154]
pathways utilized in humans
. Different methods
have been used in order to evaluate and quantify DILI
in zebrafish. Although higher vertebrate organisms
that are physiologically similar to humans have
typically been used to assess DILI, the zebrafish has
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similar molecular and cellular processes that accurately
simulate human physiology. Therefore, zebrafish
provide a significant advantage for research purposes
compared to higher vertebrate organisms (e.g., mice
and rats). For example, the ability to assess liver
damage with visually evaluable phenotypic endpoints
enables the transparent larval zebrafish to be used
[155,156]
in high-throughput screening
. In addition, DILI
in embryonic or adult zebrafish exhibits histological
changes, such as steatosis, apoptosis, and necrosis,
[157]
that parallel human liver pathologies . TAA has been
shown to induce steatohepatitis in zebrafish, which is
accompanied by the accumulation of fatty droplets and
[158]
apoptosis
. AFB1 induced hepatitis and steatosis
[133]
in zebrafish
. Zebrafish exposed to ethanol also
exhibited histological changes such as steatosis, as
[159]
found in alcoholic liver disease in humans
. Serum
biochemical values, such as total bilirubin concentration
and serum alanine transaminase (ALT) activity, have
[160]
been determined in zebrafish . Such values can be
therefore used to evaluate liver function in response
to drug treatment. ALT activity was found to be
increased in zebrafish treated with paracetamol in a
[157]
dose and time dependent fashion
. Furthermore,
the circulating concentration of miR-122, a new
experimental biomarker for liver toxicity, was increased
[161]
in fish with paracetamol-induced liver injury .
Although many studies clearly illustrate the
potential advantages of zebrafish as a model for liver
toxicity, a number of challenges still exist. For example,
zebrafish are exposed to a drug simply by introducing
[162]
it into the water
. Immersion in the drug enables
easy and fast administration, but the amount actually
consumed by the fish is a variable even though the
[163]
concentration is known and equal for all fish
. To
overcome the problem of absorption, the quantity of
the drug taken up by the fish can be determined by
using a radio-labeled compound and liquid scintillation
[154]
counting .
Before the zebrafish model can be more broadly
applied, translatability of the model to humans must
be confirmed. First, tests need to be conducted on
established human hepatotoxic and nonhepatotoxic
compounds, comparing dose responses between
fish and humans. Second, translational biomarkers
that bridge the gap between fish and humans must
also be developed. Finally, immunological response
in zebrafish must be evaluated in order to establish
whether DILI develops similarly as in humans. The use
of zebrafish as a model for liver injury shows promise
and may enable better decision making in the early
stages of drug discovery, before a compound is tested
in higher mammals.

CONCLUSION
HCC is a primary malignant tumor of the liver. It is a
complex disease that is accompanied by an overall
poor prognosis. Although numerous oncogenes,
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tumor suppressor genes, and point mutations have
associated with development of the disease over
the past several decades, treatment options remain
limited. One of the more intriguing approaches to
the study of HCC and potential treatments, has been
through the development of HCC disease models in
zebrafish. Several zebrafish HCC models have been
established through expression of various transgenes,
including HBx, HCV, myc, kras-G12V, rhoA, xmrk,
src, edn1, myca, mycb, or UHRF1. Zebrafish models
have also been used for evaluation of DILI and tumor
xenotransplantation. Recently, new genome editing
technologies, including ZFNs, TALENs, and CRISPR/Cas
systems, have been developed to facilitate targeted
gene disruption in zebrafish. Together with transgenic
technology, several inducible expression systems are
also available for zebrafish, which will help to accelerate
further development of fish models for HCC. Although
establishment of liver disease and HCC models in
zebrafish has led to further understanding of the
molecular mechanisms and biology of these diseases,
zebrafish perhaps more importantly serve as in vivo
models with high throughput screening capabilities
for the discovery of novel therapeutic agents. Novel
inhibitors of angiogenesis, IRO and EM011, have been
identified through such screening technology. As the
utility of zebrafish for the study of HCC becomes more
universally accepted, we will perhaps facilitate drug
discovery and thus one day advance our treatment
and the prognosis of HCC patients.
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Abstract
Sorafenib is the only and standard systematic chemo
therapy drug for treatment of advanced hepatocellular
carcinoma (HCC) at the current stage. Although
sorafenib showed survival benefits in large ran
domized phase Ⅲ studies, its clinical benefits remain
modest and most often consist of temporary tumor
stabilization, indicating that more effective first-line
treatment regimens or second-line salvage therapies
are required. The molecular pathogenesis of HCC is
very complex, involving hyperactivated signal trans
duction pathways such as RAS/RAF/MEK/ERK and
PI3K/AKT/mTOR and aberrant expression of molecules
such as receptor tyrosine kinases and histone deace
tylases. Simultaneous or sequential abrogation of
these critical pathways or the functions of these key
molecules involved in angiogenesis, proliferation,
and apoptosis may yield major improvements in the
management of HCC. In this review, we summarize
the emerging sorafenib-based combined molecule
targeting for HCC treatment and analyze the rationales
of these combinations.
Key words: angiogenesis; Mammalian target of
rapamycin; Extracellular-signal regulated kinase;
endothelial growth factor receptor; histone deacetylases
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cancer is regarded as a heterogeneous
disease, with no exception of hepatocellular carcinoma
(HCC), which requires combined chemotherapy. HCC
is not sensitive to most currently used conventional
cytotoxic drugs. The approval of sorafenib, a molecular
targeted drug that inhibits RAF kinase and several
other angiogenesis-related receptor tyrosine kinases,
opens a door for systematic treatment of HCC. The
pathogenesis of HCC involves hyperactivation of several
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signal pathways and aberrant expression of some key
molecules, suggesting combination treatment may
yield major improvements in the management of this
disease. The emerging sorafenib-based combination
treatments are reviewed in the present article.
Gao JJ, Shi ZY, Xia JF, Inagaki Y, Tang W. Sorafenib-based
combined molecule targeting in treatment of hepatocellular
carcinoma. World J Gastroenterol 2015; 21(42): 12059-12070
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i42/12059.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i42.12059

INTRODUCTION
Liver cancer is the second most common cause
of death from cancer worldwide, estimated to
be responsible for nearly 746000 deaths in 2012
according to the statistics published by World Health
[1]
Organization . Among the diverse, histologically
distinct primary hepatic neoplasms, hepatocellular
carcinoma (HCC) is the most common type of liver
[2-4]
cancer, accounting for 83% of all cases
. The
prevalence of HCC is especially severe in China and
Japan due to high rates of hepatitis B virus (HBV) and
[5-8]
hepatitis C virus (HCV) infection in the population .
Curative treatments including liver transplantation and
hepatic resection are only suitable for fewer than 20%
of HCC patients because most cases have progressed
to an advanced stage with intra- or extra-hepatic
[9-13]
metastasis when the disease is diagnosed
. As a
palliative treatment, chemotherapy is a highly needed
means for the patients with unresectable or metastatic
[14-17]
HCC
.
HCC is generally recognized as a chemo-resistant
tumor that is not sensitive to most currently used
[18-20]
cytotoxic drugs
. Recent discoveries in the
molecular mechanisms of HCC pathogenesis have
created many opportunities for developing targeted
[21-24]
therapies
. Sorafenib, which targets RAF kinase
(c-RAF and b-RAF) and several other angiogenesisrelated receptor tyrosine kinases (RTKs) including
vascular endothelial growth factor receptor (VEGFR)
and platelet-derived growth factor receptor (PDGFR),
is the first approved molecular targeted agent that
has been applied to systemic chemotherapy in HCC
patients with metastatic disease or transcatheter
arterial chemoembolization (TACE)-refractory
[25,26]
disease
. Although clinical studies demonstrated
some benefits of sorafenib on the time to progression
(TTP) and overall survival (OS), its efficacy against
[25]
HCC remains moderate . The median TTP was
demonstrated to be 5.5 mo for sorafenib and 2.8
mo for placebo, and the median OS was 10.7 mo
[25]
for sorafenib and 7.9 mo for placebo . Results of
subsequent clinical trials on single agents including
linifanib, brivanib, and sunitinib are disappointing since
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they are not superior to sorafenib or placebo in terms
[27]
of efficacy or safety . At this stage, there have not
yet been any verified drugs except for sorafenib in
systematic treatment of HCC.
Combination of sorafenib and other molecular
targeted drugs for treatment of HCC has drawn wide
attention in recent years based on the following under
standing: (1) HCC is a highly heterogeneous disease in
terms of etiology and clinical behavior, which signifies
that cancer-driven genes may be varied in tumors
[28]
of different patients ; (2) Cell clones in one tumor
are heterogeneous with respect to both morphology
and function, which means that the tumor is made
up of diverse cell populations that show different
[29,30]
drug sensitivity
. The drug-resistant clones may
survive under the evolutionary selection pressure
and then drive the cancer progression; and (3) Hepa
tocarcinogenesis is a stepwise process during which
[31]
multiple genes are altered . Genetic changes and
their biological consequences in cancerous cells
may include tumor suppressor genes, oncogenes,
reactivation of developmental pathways, growth
[32]
factors and their receptors, and angiogenesis . The
complexity of pathogenesis of HCC suggests that
combination of drugs that target multiple key molecules
implicated in tumor initiation and progression is a
promising strategy to conquer this pressing disease.
In this review, we summarizes recent advances of
sorafenib-based combined treatments for HCC (Figure
1 and Table 1).

Combining sorafenib and
antiangiogenic agents
HCC is a hypervascular tumor and angiogenesis plays
[33]
an important role in the progression of the disease .
Studies revealed that CD34, a sensitive angiogenesisrelated endothelial marker, was not detected in healthy
liver and cirrhotic liver, but was obviously expressed
in HCC, suggesting that angiogenesis is probably a
[34,35]
driving force in HCC development
. Regarding
the molecular mechanisms of angiogenesis, VEGF
is the best known angiogenic factor that promotes
[36-38]
endothelial cell (EC) proliferation and migration
.
Besides, various VEGF-independent drivers have
also been recognized, including multiple interactions
among diverse growth factors and receptors involving
EC, delta-like ligand 4 (DLL4), angiopoietin (Ang)-Tie,
placental growth factor (PIGF), tumoral cells (SDF1/
CXCR4), pericytes [platelet-derived growth factor
(PDGF) and transforming growth factor β (TGF-β)],
extracellular matrix (ECM) components (integrins
and cadherins), inflammatory cells (tumor-associated
macrophages and Tie-2-expressing monocytes), and
[39,40]
bone marrow-derived cells
. The antiangiogenic
effect of sorafenib is mainly ascribed to its ability of
inhibiting VEGFR-2, PDGFR, and these RTKs-mediated
[41]
RAF/MEK/ERK pathway . Although sorafenib
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Anti-angiogenic agents

Histone deacetylases inhibitors

Sorafenib

MEK/ERK pathway inhibitors

mTOR pathway inhibitors

EGF/EGFR pathway inhibitors

HGF/c-Met pathway inhibitors

Figure 1 Overview of sorafenib-based combined targeting therapies for hepatocellular carcinoma. MEK: Mammalian target of rapamycin; erk: Extracellularsignal regulated kinase; egfr: endothelial growth factor receptor; EGF: Epidermal growth factor; HGF: Hepatocyte growth factor.

Table 1 Landscape of sorafenib-based combined molecule targeting in treatment of hepatocellular carcinoma
Combined drugs
Antiangiogenic agents
Dalantercept
Axitinib

Apatinib
MEK/ERK inhibitors
AZD6244
Refametinib
mTOR inhibitors
Sirolimus
Everolimus
Temsirolimus
PI-103
PKI-587
HDACs inhibitors
Panobinostat
Vorinostat
Resminostat

MPT0E028
EGFR inhibitors
Erlotinib
c-Met inhibitors
MSC2156119J
Tivantinib

DE605

Treatment modality

Current stage

Outcome

Ref.

Simultaneous combination with sorafenib
Sequential treatment after sorafenib failing

Phase Ⅰb (ongoing)
Phase Ⅱ (finished)

NCT02024087
[49]

Sequential treatment after sorafenib failing
Sequential treatment after sorafenib failing

Phase Ⅱ (ongoing)
Phase Ⅲ (ongoing)

Awaited
Warranting further
clinical study
Awaited
Awaited

Simultaneous combination with sorafenib
Simultaneous combination with sorafenib

Phase Ⅱ (terminated)
Phase Ⅱ (finished)

Unknown
Warranting further
clinical study

NCT01029418
[64]

Simultaneous combination with sorafenib
Simultaneous combination with sorafenib
Simultaneous combination with sorafenib
Simultaneous combination with sorafenib
Simultaneous combination with sorafenib

Preclinical study
Phase Ⅱ (ongoing)
Phase Ⅱ (ongoing)
Preclinical study
Preclinical study

Synergistic effect
Awaited
Awaited
Synergistic effect
Synergistic effect

[73]
NCT01005199
NCT01687673
[86]
[87]

Simultaneous combination with sorafenib

Phase Ⅰ (terminated)

NCT00873002

Simultaneous combination with sorafenib
Simultaneous combination with sorafenib

Phase Ⅰ (suspended)
Phase Ⅱ (finished)

Simultaneous combination with sorafenib
Simultaneous combination with sorafenib

Phase Ⅰ/Ⅱ (ongoing)
Preclinical study

Precluding phase Ⅱ
studies
Unknown
Warranting further
clinical study
Awaited
Synergistic effects

Simultaneous combination with sorafenib

Phase Ⅲ (finished)

Not recommended

[109]

Sequential treatment after sorafenib failing
Sequential treatment after sorafenib failing
Simultaneous combination with sorafenib

Phase Ⅰ/Ⅱ (ongoing)
Phase Ⅲ (ongoing)
Phase Ⅰ (finished)

NCT02115373
NCT02029157
[118]

Simultaneous combination with sorafenib

Preclinical study

Awaited
Awaited
Warranting further
clinical study
Synergistic effects

EUCTR2011-002029-24-IT
NCT02329860

NCT01075113
[100]
NCT02400788
[97]

[117]

HDAC: Histone deacetylase; EGFR: Endothelial growth factor receptor.

exhibits reliable antiangiogenic effects, the complexity
of angiogenesis suggests that it cannot block the
[42]
formation of tumor microvessels completely . The
redundancy of angiogenic mechanisms may contribute
to drug resistance through activation of alternative
proangiogenic pathways. In this sense, combination
of sorafenib and other antiangiogenic agents with
different targets may improve the efficacy of sorafenib
monotherapy and minimize the arising of drug
resistance.
Activin receptor-like kinase-1 (ALK1) is a type Ⅰ,
endothelial cell-specific member of the TGF-β
superfamily of receptors with high affinity for bone
morphogenetic protein-9 (BMP9) and BMP10. Multiple
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lines of evidence demonstrated that BMP9/BMP10/
ALK1 pathway is implicated in blood vessel formation
[43,44]
and organization
. Dalantercept, a soluble form
of ALK1 that prevents activation of endogenous ALK1
by BMP9 or BMP10, inhibits maturation of vascular
endothelial cells, disrupts vascular development,
and displays potent antitumor activity in preclinical
[45,46]
models
. Distinguished with sorafenib, dalantercept
targets this alternative angiogenic pathway and
blocks common downstream events in the angiogenic
process like the later vascular maturation stage. Thus
combining dalantercept and sorafenib may achieve
enhanced inhibition of tumor angiogenesis. It is
worth noting that the side-effects of dalantercept
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mainly include lower extremity peripheral edema
(grades 1-2) and congestive cardiac failure (grades
1-3), which do not appear to overlap with the toxicity
[47]
profile of sorafenib . Currently, an open-label, multicenter phase 1b study (NCT02024087) is ongoing
to evaluate the safety, tolerability, pharmacokinetics,
pharmacodynamics, preliminary activity, and the
recommended phase 2 dose of dalantercept and
sorafenib when used in combination in advanced HCC.
This clinical study will also examine the biomarkers
associated with tumor response including BMP9/10
and ALK1 in tumor biopsies and serum.
In parallel with the endeavors exploring the
efficacy of simultaneous combination of sorafenib
and antiangiogenic agents, studies have also been
performed to investigate whether antiangiogenic drugs
are available as the second-line therapy to control
disease progression when sorafenib treatment fails.
Axitinib is a multiple tyrosine kinase inhibitor targeting
[48]
VEGFR1, VEGFR2, VEGFR3, PDGFR, and c-Kit . It
has been approved by the United States Food and
Drug Administration for treatment of advanced kidney
cancer. Preclinical studies demonstrated that the drug
[49]
also exhibited potent activity against liver cancer . A
phase Ⅱ trial (NCT01334112) of second-line axitinib
following prior antiangiogenic therapy (sorafenib or
bevacizumab) in advanced HCC showed that axitinib
induced partial response in 1 of 26 patients and stable
disease in 10 of 26 patients with a 16-wk cutoff,
equivalent to a response rate of 3.8% and tumor
control rate of 42.3%, which met the primary end point
[50]
of the study . The common adverse events in the
axitinib group were hypertension, fatigue, dysphonia,
[50]
and hypothyroidism . Overall, axitinib showed
encouraging clinical activity in patients pretreated with
antiangiogenic agents in this study. Currently, there
is also an ongoing multi-center, second-line study
(EUCTR2011-002029-24-IT) of axitinib in patients with
advanced HCC that progressed with sorafenib. The
primary endpoint of the study is to assess the rate of
patients without progression in an evaluation period of
4 mo and the results are still awaited.
Another antiangiogenic agent that is currently
being evaluated as the second-line option for advanced
HCC that acquires resistance to sorafenib is apatinib,
which is a tyrosine kinase inhibitor selectively targeting
[51]
VEGFR2 . In vitro studies demonstrated that it
effectively inhibited proliferation, migration, and tube
formation of human umbilical vein endothelial cells
[52]
as well as blocked the budding of rat aortic ring .
In vivo studies showed that apatinib was capable of
inhibiting the growth of several established human
[52]
tumor xenografts . A phase Ⅰ study of apatinib
showed encouraging antitumor activity and a mana
[53]
geable toxicity profile . An interesting feature of
this compound is that it can circumvent the multidrug
resistance of cancer cells to certain conventional drugs
by inhibiting the functions of multidrug resistance[54,55]
associated proteins such as ABCB1 and ABCG2
.
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This characteristic of apatinib indicates that it might be
useful in combining other drugs for cancer treatment.
Thus far, a phase Ⅱ trial (NCT01192971) of apatinib in
patients with advanced HCC has been completed but
the results have not been published. A phase Ⅲ trial
(NCT02329860) sponsored by the same company,
i.e., Jiangsu HengRui Medicine Co., Ltd. (Jiangsu,
China), was started on December 2014, aiming to
evaluate the efficacy and safety of apatinib in patients
with advanced HCC who have progressed on targeted
therapy such as sorafenib and/or chemotherapy.

Combining sorafenib and MEK/ERK
inhibitorS
Except for the antiangiogenic effect, sorafenib can
directly suppress the proliferation of HCC cells, which is
ascribed to its ability of inhibiting RAF kinase and thus
[56]
blocking the RAF/MEK/ERK signal pathway . It is
known that RAS/RAF/MEK/ERK represents a dominant
signaling pathway promoting cell proliferation and
[56,57]
survival
. The binding of different growth factors
such as epidermal growth factor (EGF), hepatocyte
growth factor (HGF), and insulin-like growth factor
(IGF) to their receptors induces activation of RAS which
[58]
in turn activates RAF, MEK, and ERK . The activated
ERK translocates into the nucleus and then activates
transcription factors that regulate the expression of
[58]
genes involved in cell proliferation and survival . The
RAS/RAF/MEK/ERK pathway is in an activated status in
the majority of advanced HCC cases due to increased
signaling induced by upstream growth factors such
[58,59]
as EGF, HGF, and IGF
. Thus, inhibiting this signal
pathway may significantly suppress the growth of HCC,
which has been evidenced by many studies thus far.
Although sorafenib is capable of interfering the signal
transduction of this pathway via inhibiting the functions
of RAF, its efficiency may be compromised by the
complementary and/or feed-back mechanisms, which
may partially restore the levels of phosphorylated
[60,61]
ERK
. In order to overcome this issue, studies
were performed to assess the efficacy and safety
of combining sorafenib and MEK/ERK inhibitors in
treatment of HCC. Thus far, some favorable results
have been achieved in preclinical and clinical studies.
[60]
Huynh et al
reported that sorafenib significantly
inhibited the growth of HCC xenografts but also caused
elevation of insulin-like growth factor receptor 1 (IGF1R) and phospho-c-RAF Ser 338 (activated form of
c-RAF). The underlying mechanisms were revealed
to be related with inhibition of c-RAF Ser 259 by
sorafenib. It was reported that the phosphorylation
of c-RAF at Ser259 prevented c-RAF activation, and
that the dephosphorylation of c-RAF at Ser259 was
[62]
an essential part of the c-RAF activation process . It
is possible that inhibition of phospho-c-RAF Ser 259
by sorafenib facilitates the phosphorylation of c-Raf at
Ser338 which in turn promotes the phosphorylation
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of MEK and ERK. This finding warrants evaluation of
the efficacy of combining sorafenib and MEK inhibitors
in HCC treatment. As expected, inhibition of MEK by
a small molecular compound AZD6244 (also named
ARRY-142886) obviously enhanced the antitumor
effect of sorafenib in both orthotopic and ectopic
[60]
models of HCC . A phase Ⅱ trial (NCT01029418) was
started in December 2009 to evaluate the efficacy of
combination of AZD6244 and sorafenib in treatment of
advanced HCC. Unfortunately, this trial was terminated
without any definite conclusions due to funding issue
in April 2015. Further studies are needed to verify
the strategy of combining sorafenib and AZD6244 in
treatment of HCC.
Another feed-back model involved in the RAF/
MEK/ERK pathway also demonstrated the rationale of
simultaneous inhibition of RAF and MEK in treatment
of HCC. It has been described that the activated
ERK could inhibit RAF, which is a negative feed-back
[63]
regulation of RAF/MEK/ERK signal transduction .
Inhibition of MEK/ERK signaling by MEK inhibitors
relieves ERK-dependent feedback inhibition of RAF and
[63,64]
then compensatorily induces MEK phosphorylation
.
Thus, MEK inhibitors combining sorafenib that inhibits
RAF may block the feed-back loop and efficiently inhibit
the RAF/MEK/ERK signal transduction. Interestingly,
this model of action for MEK feed-back regulation
[61]
is true for refametinib (BAY 86-9766) , an orally
available small molecule that binds to an allosteric
region adjacent to the ATP-binding pocket of MEK and
inhibits both MEK 1 and MEK 2 with high potency and
selectivity. In preclinical studies, refametinib exhibited
potent antiproliferative activity in HCC cell lines and
was strongly synergistic with sorafenib in suppressing
[61]
the growth of HCC xenografts . At the signaling
pathway level, the combination of refametinib and
sorafenib led to inhibition of the upregulatory feedback
loop toward MEK phosphorylation observed after
[61]
refametinib monotreatment . In a completed singlearm phase Ⅱ trial (NCT01204177), disease control
rate (DCR), TTP, and OS were higher compared with
previous sorafenib monotherapy studies (44.8%
vs 35.3% for DCR; 4.1 mo vs 2.8 mo for TTP; 9.7
mo vs 6.5 mo for OS), especially in relation to
[65]
Asian patients . With regard to the toxicity, both
refametinib and sorafenib were tolerated; however,
most patients required dose modifications, mainly due
to frequent grade 3 adverse events. Overall, combining
refametinib and sorafenib provides a potential option
for patients with unresectable HCC, which warrants a
phase Ⅲ trial for further evaluation.

Combining sorafenib and agents
inhibiting PI3K/AKT/mTOR signal
pathway
Similar to the RAF/MEK/ERK pathway, PI3K/AKT/
mTOR is also a major intracellular signaling pathway
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that regulates multiple cellular functions, including
cell growth and proliferation, motility, survival,
[66-68]
apoptosis, autophagy, and angiogenesis
. It has
been described that the PI3K/AKT/mTOR signaling
pathway plays a pivotal role in HCC and is activated in
[69]
30%-50% of HCC cases . Many inhibitors targeting
this pathway are currently being evaluated for HCC
treatment in preclinical and clinical studies. Studies
demonstrated that the RAF/MEK/ERK pathway could
be activated as a consequence of mTOR inhibition,
which might attenuate the antitumor effects of mTOR
[70,71]
inhibitors
. On the other hand, inhibition of RAF/
MEK/ERK signaling by sorafenib could induce increased
mTOR phosphorylation, especially in sorafenib[71,72]
resistant HCC cell lines
. The fact that blockage
of RAF/MEK/ERK or PI3K/AKT/mTOR, separately, can
result in activation of the other pathway underscores
the potential of a combined therapeutic approach
with agents targeting these two pathways. Another
favorable factor of this combination strategy is that
some mTOR inhibitors such as sirolimus and everolimus
can be used as immunosuppressants to prevent organ
[73]
rejection response after liver transplantation . Thus,
combination of mTOR inhibitors and sorafenib confers
both anticancer and immunosuppressive properties,
which might be suitable for treatment of recurrent HCC
after liver transplantation.
Consistent with the theoretical assumption, addi
tion of mTOR inhibitors such as sirolimus, everolimus,
and temsirolimus to sorafenib augments antitumor
effects in HCC preclinical studies in vitro and in
[74-76]
vivo
. The issue of this combination strategy
is that patients with advanced HCC showed lower
tolerance to mTOR inhibitor or sorafenib compared to
monotherapy. In a phase Ⅰ study of the combination
of everolimus and standard dose of sorafenib (400
mg twice daily) in advanced HCC, the maximumtolerated dose (MTD) of everolimus was recommended
to be 2.5 mg daily which is one third or fourth of
the MTD established in everolimus monotherapy for
[77]
advanced HCC . Everolimus escalation beyond 5
mg daily in the combination settings was showed to
be accompanied by dose limited toxicities such as
grade 3 aspartate aminotransferase (AST) elevation,
hyperbilirubinemia, and grade 3/4 thrombocytopenia.
However, based on the effective dose of everolimus, a
phase Ⅱ trial (NCT01005199) is currently ongoing to
assess the efficacy of sorafenib (400 mg twice daily)
plus everolimus (5 mg daily) in treating patients with
localized, unresectable, or metastatic liver cancer.
Similar with everolimus, temsirolimus combined with
sorafenib also results in reduced MTD of both drugs. A
phase Ⅰ dose-finding trial demonstrated that the MTD
and recommended phase 2 dose of the combination
strategy are temsirolimus 10 mg weekly plus sorafenib
[78]
200 mg twice daily , which are both lower than
each single-agent MTD as well as the combination
MTD identified in melanoma patients without hepatic
dysfunction, which is temsirolimus 25 mg weekly
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plus sorafenib 400 mg in the mornings and 200 mg
[79]
in the evenings . A phase Ⅱ trial (NCT01687673)
is currently ongoing to evaluate the efficacy of
temsirolimus (10 mg weekly) plus sorafenib (200 mg
twice daily) in treatment of advanced HCC.
The efficacy of combination therapy with mTOR
inhibitors and sorafenib for recurrent HCC after liver
transplantation was initially described in several case
reports, implying the usefulness of this combination
[80,81]
regimen
. Due to concerns of the toxicity of
mTOR inhibitors and sorafenib when used in com
bination, two clinical retrospective analyses were
performed to assess the efficacy and safety of this
combination modality for recurrent HCC after liver
[82,83]
transplantation
. A single-center retrospective
study analyzed the data of 7 patients receiving
everolimus and sorafenib treatment and showed that
the regimen is challenging regarding side effects and
requires close patient monitoring to adapt everolimus
[83]
dosage to sorafenib exposure and toxicity . The other
clinical study analyzed the data of 31 patient who were
concomitantly administered everolimus or sirolimus
plus sorafenib and confirmed the effectiveness of
this combination strategy described in previous case
[82]
reports . A significant but manageable toxicity profile
of mTOR inhibitor plus sorafenib was also observed in
this study, which cautions that a careful assessment of
potential vascular or hemorrhagic complications should
be performed for all patients. The study suggests that
combined treatment with mTOR inhibitor and sorafenib
might be a therapeutic option for post-transplant HCC
recurrence not amenable to curative treatments, which
warrants further randomized and controlled clinical
studies in the future.
The above mentioned mTOR inhibitors including
sirolimus, everolimus, and temsirolimus specifically
target mTORC1 (mechanistic target of rapamycin
complex 1), which is one of the two components of
[84]
mTOR . Because they do not directly inhibit the other
component of mTOR, mTORC2, that is also vital to
tumor maintenance and progression, the action mode
of these drugs does not fully exploit the antitumor
[85]
potential of mTOR targeting in cancer . Additionally,
mTORC1 can also negatively regulate PI3K, implicating
potential feedback activation of PI3K by sirolimus,
[86]
everolimus, or temsirolimus . An agent that is able
to inhibit both mTORC1 and mTORC2, and also block
upstream of mTOR, will result in a stronger inhibition of
the PI3K/AKT/mTOR pathway. PI-103 and PKI-587 are
representatives of this class of drugs, which showed
potent inhibitory effects on various human cancers
[87,88]
including HCC in pre-clinical studies
. Gedaly et
[71,88]
al
demonstrated that PI-103 plus sorafenib or
PKI-587 plus sorafenib could synergistically inhibit
EGF-stimulated HCC cells proliferation compared with
monotherapy. Further studies revealed that activation
of PI3K/AKT/mTOR by EGF was blocked by PI-103
or PKI-587 which, however, stimulated MEK and ERK
phosphorylation; activation of RAS/RAF/MEK/ERK by

WJG|www.wjgnet.com

EGF was suppressed by sorafenib which, on the other
[71,88]
hand, induced AKT and mTOR phosphorylation
.
Either PI-103 or PKI-587 combining with sorafenib
could inhibit all the tested kinases in the RAS/RAF/
MEK/ERK and PI3K/AKT/mTOR pathways, which
accounts for the superior effects of combination
regimen to single drug in suppressing the proliferation
of HCC cells. These studies reinforce the rationale of
simultaneous inhibition of HCC pivotal pathways Ras/
Raf/MEK/ERK and PI3K/AKT/mTOR.

COMBINING SORAFENIB AND HISTONE
DEACETYLASES INHIBITORS
histone deacetylases (HDACs), along with histone
acetyltransferases, reciprocally regulate the ace
tylation status of the positively charged NH2[89]
terminal histone tails of nucleosomes . Acetylation
of histones by HDACs reduces the affinity of histones
for DNA, resulting in an open DNA structure that
[89,90]
facilitates gene expression
. HDAC inhibitors are
currently considered to be among the most promising
anticancer agents in drug development and some
of them such as panobinostat and vorinostat have
been approved for marketing in treatment of multiple
[91,92]
myeloma and cutaneous T cell lymphoma
. It has
been demonstrated that overexpression of HDACs
is associated with poor prognosis and survival rates
[93]
of HCC patients . The efficacy and safety of HDAC
inhibitors including resminostat and belinostat in
treatment of advanced HCC have been validated in
[94,95]
phase Ⅱ clinical trials
, indicating the potential
value of HDAC inhibitors for HCC therapy.
The strategy of combining HDAC inhibitors and
sorafenib for enhanced antitumor efficacy has been
tested in HCC. Preclinical studies showed that addition
of HDAC inhibitors including panobinostat, vorinostat,
and MPT0E028 to sorafenib achieved additive or
synergistic effects against HCC both in vitro and in
vivo, providing the rationale for clinical studies with
[96-98]
this combination regimen
. Panobinostat, a nonselective HDAC inhibitor (pan-HDAC inhibitor), was
once sporadically reported to enhance the antitumor
[99,100]
effect of sorafenib in patients with advanced HCC
.
However, the subsequent phase Ⅰ trial (NCT00873002)
was terminated due to dose limiting toxicity, which
precluded phase Ⅱ study of this combination in
treatment of advanced HCC. Vorinostat, an inhibitor of
HDACs 1 and 3, is currently under phase Ⅰ evaluation
(NCT01075113) when combination of sorafenib
in the setting of HCC, which is now suspended for
interim analysis of dose limiting toxicity. Among HDAC
inhibitors that are evaluated as combined drugs with
sorafenib, resminostat that inhibits the activities of
HDACs 1, 2, and 3 was testified to be a promising
option. A recent multi-center, phase Ⅱ Shelter study
(NCT00943449) carried out in 8 German and 6
Italian centers validated the efficacy and safety of
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resminostat plus sorafenib for advanced HCC patients.
Results demonstrated that combination of resminostat
and sorafenib yielded a striking 70% progression
[101]
free survival (PFS) rate at 12 wk
. Moreover, the
treatment improved the OS of patients from 3 mo to
8 mo. Encouraged by these findings, a phase Ⅰ /Ⅱ
study (NCT02400788) was implemented in Japan and
South Korea in March 2015 to assess the availability
of resminostat plus sorafenib in Asian patients with
advanced HCC. While much work remains to be done,
the currently achieved results open a door to better
treatment prospects for this devastating disease.
The mechanisms underlying the synergistic effects
of combination of HDAC inhibitors and sorafenib
against HCC have been revealed from the following
several aspects. First, sorafenib inhibits the RAF/
MEK/ERK pathway and causes increased expression
of Wnt-pathway regulator CDH1, a pivotal player of
hepatocarcinogenesis known to be implicated in growth
[102]
arrest
. Because HDACs can directly suppress
CDH1 expression, combination of HDAC inhibitors and
sorafenib results in a further rise of CDH1 expression,
which might partially explain the observed potent
[96]
antitumor effects of the combined therapy . Second,
HDAC inhibitors such as MPT0E028 is capable of
activating ERK and its downstream molecules via
induction of FGFR3-mediated signaling, suggesting that
HDAC inhibitors may render HCC cells more dependent
[98]
on ERK signaling . Abrogation of RAF/MEK/ERK
signaling by sorafenib may sensitize tumor cells to
[98]
HDAC inhibitor-induced cell apoptosis . Third, HDAC
inhibitors can upregulate signal transduction pathways
related to angiogenesis by modulating the expression
of growth factors like VEGF or of downstream kinases
like mitogen activated protein kinases (MAPKs),
[103,104]
which are also the targets of sorafenib
. The
dual blockade of tumor cell proliferation and tumor
angiogenesis could thus represent a molecule basis for
the synergistic effects of the combination therapy.

Combining sorafenib and agents
targeting EGFR or c-Met
The EGFR pathway was demonstrated to be implicated
in the pathogenesis of several cancers including
[58]
HCC . As an orally active inhibitor of EGFR tyrosine
kinase, erlotinib has been approved to treat patients
with advanced non-small cell lung and pancreatic
cancers. In terms of HCC, two single-arm phase Ⅱ
trials showed that erlotinib exhibits modest antitumor
[105,106]
activity but promising OS benefit
. It was
reported that EGFR activation may interfere with HCC
response to sorafenib, indicating that EGFR inhibition
[107]
may enhance the antitumor effects of sorafenib
.
Although preclinical studies showed no improvement
of sorafenib efficacy upon combination with erlotinib
[108]
in an orthotopic rat model of HCC , the combination
showed promising antitumor efficacy (including HCC)
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[109]

in a phase Ⅰ trial . Encouraged by the results of this
clinical trial, phase Ⅱ trials were skipped and a phase
Ⅲ study (NCT0901901) was directly performed to
compare the efficacy and safety of first-line sorafenib/
erlotinib with sorafenib/placebo in patients with
advanced HCC. Recently published results of this study
demonstrated that median OS and median TTP were
similar in the sorafenib plus erlotinib and sorafenib plus
[110]
placebo groups
. With regard to the safety profile,
the rates of treatment-emergent serious adverse
events (AEs) and drug-related serious AEs were
comparable in the two arms. The lack of synergistic
or additive effect of the combination of erlotinib and
sorafenib suggests that EGFR signaling may not be
pivotal in advanced HCC. Thus, application of EGFR
inhibitors plus sorafenib is not recommended to treat
advanced HCC.
Like EGFR, the mesenchymal-epithelial transition
factor (c-Met) is also a typical member of RTKs. HGF
and des-γ-carboxy prothrombin (DCP) are revealed
[10,111,112]
to be high-affinity ligands for c-Met
. Aberrant
activation of the c-Met signaling pathway plays a
critical role in cancer progression and metastasis by
promoting cell proliferation, survival, and motility,
suggesting that c-Met is a promising target for cancer
[113]
therapy
. Overexpression of c-Met alone has also
been demonstrated to be sufficient for developing
[114]
HCC in c-Met-transgenic mice
. In addition, c-Met
overexpression is observed in 20%-66% of human
HCC samples and is closely related with patients’
[10]
prognosis . It is worth noting that c-Met expression in
HCC cells was upregulated after sorafenib treatment,
which might be related with tumor response to the
[115]
drug
. Studies by the current authors and other
researchers showed that inhibition of c-Met kinase
led to an obvious antitumor effect in HCC, indicating
that targeting c-Met is also a promising strategy for
[26,59]
HCC treatment
. Indeed, a randomized, placebocontrolled phase Ⅱ trial showed that tivantinib, a
selective inhibitor of c-Met, almost doubled median
TTP and median OS in patients with high c-Met[116]
expressing HCC who failed sorafenib treatment
.A
confirmatory phase Ⅲ, randomized, placebo-controlled
trial (NCT02029157) is currently ongoing to evaluate
the efficacy and safety of tivantinib in HCC patients
who had high c-Met expression in their tumors and
developed progressive disease under sorafenib
therapy. Besides tivantinib, MSC2156119J, another
c-Met inhibitor that shows potent inhibitory effects on
[117]
the proliferation and metastasis of HCC cells in vivo ,
is currently under phase Ⅰ/Ⅱ study (NCT02115373)
to assess its efficacy, safety, and pharmacokinetics
in subjects with c-Met positive advanced HCC who
have failed sorafenib treatment. Besides a secondline treatment option, c-Met inhibitors have also
been tested for its efficacy upon combination with
sorafenib. A recent report shows that sorafenib
and DE605, a novel c-Met inhibitor, synergistically
suppress the growth of HCC both in vitro and in
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[118]

vivo
. A phase Ⅰ study of tivantinib in combination
with sorafenib in patients with advanced solid tumors
including HCC showed that the combination of
tivantinib (360 mg, bid) plus sorafenib (240 mg, bid)
was well tolerated and might have therapeutic potential
[119]
in this setting
. Further studies are warranted to
evaluate the efficacy and safety of this combination
in the future. The above studies suggested that c-Met
inhibitors may be combined as one of the options in
sorafenib-based combination therapy.

CONCLUSION
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INTRODUCTION

Abstract
Hepatocellular carcinoma is one of the leading causes
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Hepatocellular carcinoma (HCC) is one of the leading
[1,2]
causes of cancer-related mortality worldwide . Most
HCC co-occurs with liver cirrhosis, and the etiology
of liver cirrhosis leading to HCC differs among global
regions, e.g., hepatitis C virus infection in North
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Table 1 Overview of the selection criteria for liver transplantation
Name

Criteria

Ref.

Milan

1 tumor < 5 cm in diameter or
≤ 3 tumor nodules, each ≤ 3 cm in diameter
No extrahepatic manifestation
No vascular invasion
Seven as the sum of the size of the largest tumor (in cm) and the number of tumors
≤ 10 tumors, all ≤ 5 cm in diameter
PIVKA-II > 400 mAU/mL
Solitary tumor ≤ 6.5 cm or
≤ 3 nodules with largest lesion ≤ 4.5 cm and total tumor diameter ≤ 8 cm
No gross vascular invasion
Solitary tumor ≤ 9 cm in diameter or
≤ 3 lesions with the largest ≤ 5 cm and total tumor diameter ≤ 9 cm
Total tumor diameter ≤ 8 cm or
Total tumor diameter more than 8 cm with histopathological grade I or Ⅱ and
preoperative α-fetoprotein ≤ 400 ng/mL
Largest tumor diameter ≤ 5 cm
Hepatocellular carcinoma number ≤ 6
No gross vascular invasion

Mazzaferro et al[7]

Up-to-seven criteria (“new Milan”)
Kyoto
UCSF

Shanghai Fudan
Hangzhou

Asan

America, Europe, and Japan and hepatitis B virus
[1]
infection in China, South Korea, and Taiwan .
Depending on hepatic function, liver transplantation
(LT) is a curative option for selected HCC patients.
However, the recurrence rate after LT is reported to be
[3-6]
between 5% and 23% .
This review addresses the issue of HCC recurrence
after LT and is subdivided into three sections:
preoperative, intraoperative, and postoperative factors.

Preoperative factors
Size and number of HCC nodules
[7]

In 1996, Mazzaferro et al introduced the Milan
criteria (MC), which showed a survival benefit in HCC
patients with one tumor nodule < 5 cm diameter or
three tumor nodules with a maximum diameter < 3
cm for each nodule. The MC remain the gold standard
for decision-making in LT settings for HCC patients.
The MC have been challenged by different authors
and work-groups aiming at an expansion of the criteria
(see Table 1). However, there is only a consensus
that “modest expansion of the criteria should consider
the dynamics of the waiting list and whether a worse
prognosis could be tolerated, if there is no prejudice
[4]
for patients without HCC” .
What we do know is the so-called “Metroticket
paradigm”: the larger the tumor burden, the lower the
post-transplant expected survival. However, reliance
on tumor size and number of nodules is not the most
ideal approach because biological parameters, such
as the response to local-ablative therapy or tumor
grading, are not included.
In practice, there are two important pipelines in
liver allocation: center-based allocation, meaning
that a graft is offered to a center that chooses the
ideal recipient for a donor organ, and MELD-based
allocation, which involves a waiting list where patients
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Mazzaferro et al[166]
Takada et al[167]
Yao et al[9]

Fan et al[168]
Zheng et al[169]
Lee et al[170]

with a high MELD score receive an organ sooner than
patients with a low MELD score. This is important in
HCC patients because most have good hepatic function
and subsequently a low MELD score. These patients
have the chance of requesting an “exceptional” MELD
score when fulfilling certain criteria. This phenomenon
brings us back to the MC: in most countries around the
world, the MC is the deciding tool for an exceptional
MELD request (see Table 2).
However, there is increasing evidence that a
decision on organ allocation based only on radiological
findings does not reflect the reality of tumor biology.
A large single-center study of over 800 patients
undergoing LT because of HCC revealed that in addition
to tumor size, other clinicopathological parameters
are helpful and necessary to identify patients with
[8]
[5]
a lower risk of tumor recurrence . Varona et al
showed that the French prognostic model, including
pre-transplant α-fetoprotein (AFP), tumor size, and
number of nodules, was better at detecting patients
with HCC recurrence after LT than the MC or up-to-7
[9]
criteria. Yao et al showed that expanded tumor size
had no negative effect on patient survival or tumor
recurrence. In conclusion, the development of the MC
was an important step towards improved outcome
after LT in HCC, but these criteria are likely too narrow,
and further adaptations are necessary.

AFP

The biomarker AFP, which is encoded in humans by
[10-12]
the AFP gene located on chromosome 4
, is a
frequently used serum parameter for the detection of
HCC. Unfortunately, the sensitivity of AFP is limited
because non-tumor liver diseases are also associated
[13,14]
with high serum AFP levels
, and AFP levels are
[15]
not always increased in HCC . Generally speaking,
the higher the tumor differentiation, the lower the
AFP level. However, elevated AFP levels predict HCC

12072

November 14, 2015|Volume 21|Issue 42|

Fahrner R et al . Liver transplantation in HCC
Table 2 Overview of prioritization systems in different transplant regions worldwide
Region

Country

Eurotransplant

Germany

Basic listing

The
Netherlands

Austria

Europe

United
Kingdom

France

United States

South America

Brazil

Patient benefit
Initial listing with MELD 22; upgrading every 3
mo by 10% mortality risk
Initial listing with MELD 20; upgrading every 3
mo by 10% mortality risk
However, “test of time”: patient must have been
on the waiting list for 6 mo prior

Possible (if Milan criteria are
met); however, irrelevant with
center-based allocation
Single lesion < 5 cm
Up to 5 lesions < 3 cm
Single lesion between 5 and 7 cm
without progression over 6 mo
No extrahepatic tumor
No macrovascular invasion AFP
< 1000 U/L
Complex French Liver Allocation
Score under consideration of
Lab-MELD-Scores
Tumor stage (T2 ranked higher
than T1)
Elapsed waiting time
Distance between donor and
Recipient hospital

Switzerland
North America

Standard exception
1 tumor > 2 and < 5 cm
up to 3 tumors > 1 and < 3 cm
1 tumor > 2 and < 5 cm
up to 3 tumors > 1 and < 3 cm

No

No prioritization on the waiting list

1 tumor > 2 and < 5 cm
Lab-MELD + 1.5 points per month
up to 3 tumors > 1 and < 3 cm
1 tumor > 2 and < 5 cm
Initial listing with MELD 22; upgrading every 3
up to 3 tumors > 1 and < 3 cm
mo by 10% mortality risk
1 tumor < 5 cm
Initial listing with 20 points, increase to 24 points
up to 3 tumors of less than 3 cm
after 3 mo and 29 points after 6 mo
each

recurrence in a multi-predictive model, together with
elevated liver enzymes, lactate dehydrogenase, small
[16]
resection margins, and advanced tumor stage . In
an analysis of approximately 1500 patients with liver
cirrhosis, AFP levels showed a sensitivity of 99% and
a specificity of approximately 72% to detect HCC
[17]
in combination with ultrasound . Recently, several
studies showed that during hepatitis treatment, AFP
[18-20]
levels were helpful to detect HCC development
.
The recurrence of HCC after LT is a problem;
therefore, patients with a high risk of recurrence must
be detected. A retrospective cohort study showed that
a combination of biomarkers, such as AFP and the MC,
was more sensitive for predicting tumor recurrence
[21]
than the MC alone . In a multivariate analysis,
AFP was the only pre-transplant predictor of HCC
recurrence and mortality in a cohort of 1074 patients
[22]
[23]
transplanted for HCC . Grąt et al
analyzed 121
patients undergoing LT for HCC and demonstrated that
the combination of up-to-7 criteria and University of
California, San Francisco (UCSF) criteria with AFP levels
less than 100 ng/ml was associated with a minimized
risk for tumor recurrence. Previously, in a small cohort
of 20 patients, a cut-off level of 100 ng/ml for AFP was
[24]
shown to be a predictor for HCC recurrence after LT .
AFP remains the gold standard biomarker for HCC
detection and a prognostic marker for post-transplant
tumor recurrence, particularly in combination with
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other morphological tumor criteria or diagnostic tools.

Response to bridging

To avoid tumor progression and waitlist dropoff, patients waiting for LT undergo local bridging
[25]
therapies
such as transarterial chemoembolization
(TACE), which has been shown to be effective
and was first proposed as a treatment option in
[26]
1977 . TACE produces a combination of localized
chemotherapy and ischemia by occluding feeding
[27]
vessels with concomitant tumor necrosis . Other
bridging treatments are selective internal irradiation
[28,29]
(SIRT) or radiofrequency ablation (RFA)
. The
question of who is likely to benefit from locoregional
therapy remains controversial, but, currently, the
proposed optimal candidates for TACE have almost
normal liver function, a tumor localized to the liver, an
[30]
estimated survival of 16 mo , tumors > 3 cm in size,
[31]
and signs of hypervascularization . Some authors
noted that poor liver function, vascular invasion,
extrahepatic tumor load, bilobar tumors, arterioportal
fistula, portal vein thrombosis, or renal dysfunction
[30,32]
are contraindications for TACE
. A systematic
review analyzed the different techniques and
[33]
substances used for TACE . Doxorubicin, epirubicin,
or cisplatin alone or in combination are used as local
chemotherapy. In addition to these drugs, lipiodol,
gelatin sponge particles, or beads are injected after
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the chemotherapeutic substance to embolize the
tumor-supplying artery. This should be performed in
a selective or superselective manner to avoid damage
[31,33]
to the nontumorous liver
. Acute liver failure, acute
renal failure, gastrointestinal bleeding, and abscess
formation are side effects of TACE, and a treatment
[33]
related mortality rate of 2.4% was reported , mainly
because of liver failure. The timing of TACE before LT
[34]
[35]
remains unclear . Decaens et al showed that TACE
only had a beneficial effect in patients with a waiting
time longer than 4 mo. Others showed a positive
effect of TACE on survival and tumor recurrence in
[34,36]
patients with at least 6 mo on the waiting list
. The
[37]
complete response is reported to be up to 30% ,
but rates of progressive disease following treatment
[38]
have been reported to be 20% . Overall, several
studies have demonstrated that TACE prior to LT was
associated with a good response rate for advanced
tumor stages with acceptable survival rates after LT
of 40% to 90% after at least 4 years, even in patients
[39-43]
with HCC outside the MC
. A recently published
study investigated 204 patients with HCC undergoing
LT and showed reduced survival in patients with
TACE prior to transplantation. The authors concluded
that this might be because of a higher amount of
[44]
pulmonary and distant metastasis . Although most
results appear promising, there are no controlled
prospective trials to investigate the benefits of TACE
prior to LT; thus, this issue remains controversial.
In contrast to TACE, SIRT is more effective in cases
[28]
of large and multifocal HCC . Negative side effects
[45-47]
are rare
. Portal vein thrombosis is not an absolute
contraindication for selective internal irradiation and,
[48]
therefore, offers an alternative to TACE . Selective
internal irradiation leads to downstaging or tumor size
[49,50]
reduction in 32% to 56% of patients with HCC
.
Selective internal irradiation therapy is useful in
[49,51]
bridging patients with HCC until LT
.
During local tumor therapy with RFA, the tumor is
destroyed because of local hyperthermia or chemical
injury. RFA is performed percutaneously or during a
[29]
surgical procedure . Thus far, RFA has been shown
to be a safe and effective procedure as a bridging
[29,52-55]
therapy prior to transplantation
. A combination
of different bridging therapies, such as RFA and TACE,
[56]
are safe and effective regarding tumor necrosis .
However, a Cochrane analysis demonstrated that there
is a lack of randomized clinical trials and no evidence
demonstrating the superiority of RFA for bridging
therapy over no intervention, chemotherapy, or
[57]
transplantation .

Positron emission tomography

Positron emission tomography (PET) measures the
metabolic activity of tumor tissue. In most oncologic
18
18
cases, the tracer F-fluorodeoxyglucose ( F-FDG), an
[58]
analog of glucose, is used .
18
The role of F-FDG-PET as a diagnostic tool in
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HCC patients is controversial. One of the first studies
dealing with PET in HCC was published by Teefey et
[59]
al . In this work, ultrasound, computed tomography,
magnet resonance imaging, and PET were compared.
PET showed the worst sensitivity but displayed good
specificity. A Chinese group noted the value of PET
scans for the diagnosis of HCC lymph node metastases
in a pre-transplant setting and for the detection of
[60]
[61]
tumor recurrence after LT . A study by Lee et al
showed an excellent predictive value for the ratio of
the maximum standard uptake volume of the tumor
to the maximum standard uptake volume of nontumoral liver tissue, which predicted tumor recurrence
after LT. Similar results were confirmed by several
[62-66]
workgroups
.
18
In non-transplant settings, F-FDG-PET is useful
[67]
for estimating tumor differentiation , the probability
[68]
of microvascular invasion , the diagnosis of bone
[69,70]
metastases
, and the estimation of tumor-free or
[67,71-77]
overall survival
.
One major issue is the dependency of PET results
on tumor grade. Well-differentiated tumors have
nearly the same metabolic activity as the surrounding
liver tissue and, therefore, have similar tracer uptake.
18
However, as shown above, F-FDG-PET correlated
well with microvascular invasion and post-transplant
18
outcome. F-FDG-PET is a good marker for the
[58]
18
biological behavior of HCC . Therefore, F-FDG-PET
appears to be a promising approach to evaluate the
aforementioned findings using a prospective approach.

Metabolomics, proteomics, and transcriptomics

AFP is the standard serum biomarker for the detection
of HCC. As previously mentioned, AFP is not specific
for HCC, and, therefore, diagnosis on the basis of this
biomarker is limited. However, until now, no other
marker has replaced AFP as the new standard in
routine clinical use. To overcome this dilemma, new
and more sensitive markers have been investigated
using metabolomic, transcriptomic, and proteomic
techniques.
Metabolomics is a global unbiased analysis of
biomarkers that identifies small molecular metabolites
reflecting normal biological or pathological processes in
[78-81]
biological fluids, tissues, organs, and organisms
.
Metabolomics can measure the metabolite complements
[81]
in living and diseased systems . In contrast,
proteomics is able to analyze all proteins within a
[82]
biological system .
Thus far, several metabolites have been investigated
and proposed as potential biomarkers for HCC, such
[83]
as the aspartate metabolism pathway , 1-methyla
[81]
[84]
denosine , and aberrant lipid metabolism . Urinary
liquid chromatography-hybrid triple quadrupole linear
ion trap mass spectrometry (LC-QTRAP MS) revealed
that butyrylcarnitine and hydantoin-5-propionic acid
were markers to distinguish patients with HCC from
[85]
patients with liver cirrhosis without HCC . Huang et
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[86]

al
showed that betaine and propionylcarnitine in
tissue and serum could distinguish HCC from hepatitis
or cirrhosis better than AFP alone. A combination of
metabolomics and transcriptomics reported reduced
cellular glucose levels and reduced metabolites of
[87]
cellular energy production in HCC . A proteomic
analysis detected 87 differently expressed proteins in
patients with early HCC recurrence involved in catalytic
[88]
pathways, signal transduction, and cell organization
and quantified novel phosphorylation sites that
[89]
might be important for tumor progression in HCC .
The fields of metabolomics, transcriptomics, and
proteomics are still emergent fields in cancer research.
For most candidate metabolites or proteins, a definite
role in HCC development and tumor progression is
unclear, and further investigations are required. To
date, there is no clinically available biomarker for HCC
detection other than AFP.

MicroRNAs

MicroRNAs (miRNAs) are small noncoding RNA
molecules that are not transcribed into proteins
but are important for regulating the stability and
[90,91]
translation of protein-coding messenger RNAs
.
[92,93]
miRNAs were first described in 1993
; since then,
hundreds of miRNAs have been identified. miRNAs
[94-96]
play an important role in tumorigenesis
. In HCC, a
number of miRNAs have been identified with partially
[90,97,98]
prognostic significance
. These miRNAs can be
[99,100]
[101,102]
downregulated, e.g., miR-122
and miR-199
,
[103]
[104,105]
or up-regulated, e.g., miR-21
, miR-221
,
[104,106,107]
and miR-222
. This is only a partial list of the
previously reported miRNAs. Therefore, miRNAs could
be important diagnostic and therapeutic targets in the
future of cancer and HCC therapy.

Circulating tumor cells

Despite the radical resection of localized HCC with
hepatectomy or LT, postoperative tumor recurrence
[108,109]
and metastasis are frequently observed
, with
the transplanted liver the most frequent site of early
[110]
recurrence
. After access of the primary tumor
cells to the blood stream, circulating tumor cells
(CTCs) are postulated to be responsible for tumor
recurrence and tumor metastasis after complete
[110-113]
surgical resection
. Several methods have been
investigated in the past to detect CTCs, mainly based
on the identification of tumor-specific antigens or
epithelial cell surface antigens that are present on the
[114,115]
primary tumor
. One of the most frequently used
markers for the detection of circulating tumor cells
is the epithelial cell adhesion molecule, which is only
[116]
expressed on a small proportion of HCC tumors . In
addition, in one-third of patients, only low numbers of
[117]
CTCs are detectable
. Therefore, this technique is
[118]
not suitable for the routine detection of HCC CTCs .
Novel approaches to detect CTCs showed promising
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[119,120]

results
, but until CTC detection is able to guide
the therapy of HCC patients, further basic and clinical
research is required.

Intraoperative factors
Ischemia time

Intraoperative factors are less likely to be associated
with tumor recurrence in the long-term. However,
there is some evidence that ischemia times play a
significant role in the recurrence of HCC.
[121]
A recent published study by Nagai et al
showed a
significant effect of both cold (CIT) and warm ischemia
time (WIT) on post-transplant HCC recurrence. In the
multivariate analysis, a CIT of more than 10 h and
a WIT of more than 50 min were risk factors for the
[121]
development of a recurrent HCC . These results were
[122]
confirmed by a Munich workgroup .
This observation is explained by ischemia-reperfusion
injury, which leads to hepatic microcirculatory barrier
dysfunction and activates cell signals related to invasion
[121]
and migration
. Furthermore, a cellular cascade
leading to angiogenesis, cellular proliferation, and
growth is activated by ischemia.
This theory was confirmed by an analysis by
[123]
Croome et al
, who showed an inferior outcome in
HCC patients who received an organ from a donor who
underwent cardiac death. These grafts are exposed to
additional WIT.

Transfusion

Bleeding during LT remains a major problem, and
sometimes large amounts of blood products are
[124-127]
required
. Over the last decades, there has been
[128]
a significant reduction in the need for transfusions .
Several studies have shown that blood loss and
transfusion during LT were associated with decreased
[129,130]
overall survival and increased complications
.
In addition, perioperative transfusion is associated
with earlier tumor recurrence and cancer-related
[131-135]
mortality in colorectal cancer resection
and
[136,137]
liver resection for colorectal liver metastases
.
[138]
Shiba et al
showed that a reduction of blood
supply during liver resection for HCC was associated
with increased survival. In a meta-analysis of 5635
patients undergoing surgery for HCC, survival, tumor
recurrence, and complications were negatively
[139]
correlated with blood transfusion . However, the use
of intraoperative autotransfusion during liver surgery
because of malignancy showed no negative effects
[140,141]
in terms of survival or tumor dissemination
.
Several studies have investigated the safety of blood
salvage autotransfusion regarding tumor recurrence
during LT in HCC patients. The authors concluded that
in cases where nonruptured HCC tumor cells were
filtered, or particularly when a leukocyte depletion
filter was used, there was no increase in risk of tumor
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recurrence

.

Postoperative factors
Immunosuppression

There is a relationship between the inflammatory
[7,145]
state and carcinogenesis
. Pro-inflammatory cells
and cytokines play a pivotal role in tumor growth,
[146,147]
tumor invasion, and tumor spread
. Therefore,
immunosuppression after transplantation can modify
the inflammatory state and influence tumor recurrence.
Most immunosuppression has a negative effect on
the outcome of patients with HCC undergoing LT.
[148]
[149]
Steroids
, basiliximab
, and calcineurin inhibitors
[150]
(CNIs)
are postulated to be associated with an
increased risk of HCC recurrence. In contrast, several
studies reported that mammalian target of rapamycin
inhibitors (mTORi) have positive effects on tumor
recurrence and are favored drugs in HCC patients after
[151-153]
LT
. A meta-analysis of five studies demonstrated
a decreased recurrence rate and increased recurrencefree and overall survival in patients with sirolimusbased immunosuppression compared to patients with
[154]
CNIs
. One reason for the positive effect of mTOR
could be the inhibition of the phosphatidylinositol 3
phosphate kinase (PI3K)/Akt/mTOR pathway, which
is a key regulator of the cell cycle and is responsible
[155]
for cell proliferation and cancer
. However, thus
far, randomized controlled prospective studies with
long-term follow-up investigating the influence of this
[156]
immunosuppression treatment are lacking .

Adjuvant treatment

Even after the use of a potentially curative treatment
for gastrointestinal tumors, adjuvant therapy is
used in most cases depending on the tumor stage.
For HCC, this concept was not accepted for a long
[157]
[158]
time
. A review by Duvoux et al
identified the
problem with adjuvant therapy protocols after LT:
most studies were small and retrospective with a low
level of evidence. The authors concluded that the
homogeneous and ethical selection of patients with a
high risk of recurrence, stratification by confounding
factors such as pre-transplant therapies and posttransplant immunosuppression, relevant endpoints
focusing on recurrence, and appropriate follow-up are
key points for appropriate studies on this issue. Similar
[159]
conclusions were drawn 2 years later by Fujiki et al .
Even recently published trials lack the inclusion of
a sufficient number of patients. a study by Teng et
[160]
al
showed a beneficial effect of sorafenib in a casecontrol study. However, sorafenib was used in only 11
patients with HCC beyond the MC in either a curative
intervention (n = 5) or a palliative regime after LT.
Another prospective trial showed a benefit of sorafenib
application after LT in seven patients with HCC beyond
[161]
the MC compared to a historic control group .
The increased toxicity of sorafenib in patients

WJG|www.wjgnet.com

after LT should be taken into account. This increased
toxicity, which is not mechanistically understood,
[162]
should lead to a dose reduction in affected patients .
In addition to sorafenib, Licartin has been
proposed as a potential adjuvant treatment for
[158,159]
HCC
. One Chinese study evaluated Licartin, an
131
I-radiolabeled murine monoclonal antibody, in a
transplantation setting with excellent results regarding
the tumor recurrence rate and the overall survival
[163]
in the treatment group
. Additional data or even
multicenter data for Licartin after LT are unfortunately
still lacking.
Some authors have used conventional chemotherapy
protocols for the treatment of HCC after LT. Zhang
[164]
et al
showed good short-term (1 year) results
for a treatment protocol using the FOLFOX regime.
The overall survival was even better in the midterm
(3 years), but the recurrence rate did not differ
significantly from the control after this time period. Wu
[165]
et al
performed a randomized three-arm study and
showed that the gemcitabine regimen and conventional
chemotherapy significantly improved the survival rate
and disease free survival rate of HCC patients who had
major vascular invasion and/or microvascular invasion
after LT compared to a best supportive care group.
In summary, the best approach for adjuvant
treatment protocols has not been identified. Large,
prospective, randomized studies should be performed
in the future.

CONCLUSION
LT is the treatment of choice for selected patients
with HCC. There are several factors that should
be taken into account, particularly in preoperative
settings. The previously used selection criterion of
pure morphometric variables should be modified to
include biological parameters, which offer a better risk
stratification for tumor recurrence.
In addition to intraoperative parameters that
influence the post-transplant prognosis (ischemia times,
transfusion), immunosuppression is an important tool
to prevent or at least reduce the recurrence of HCC.
Adjuvant protocols have not yet been established for
HCC.
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Abstract
Chronic hepatitis B virus (HBV) infection is responsible
for up to 30% of cases of liver cirrhosis and up to
53% of cases of hepatocellular carcinoma. Liver
transplantation (LT) is the best therapeutic option for
patients with end-stage liver failure caused by HBV.
The success of transplantation, though, depends on
receiving prophylactic treatment against post-transplant
viral reactivation. In the absence of prophylaxis, liver
transplantation due to chronic hepatitis B (CHB) is
associated with high rates of viral recurrence and poor
survival. The introduction of treatment with hepatitis
B immunoglobulins (HBIG) during the 1990s and
later the incorporation of oral antiviral drugs have
improved the prognosis of these patients. Thus, LT
for CHB is now a universally accepted option, with an
estimated 5 years survival of around 85% vs the 45%
survival seen prior to the introduction of HBIG. The
combination of lamivudine plus HBIG has for many
years been the most widely used prophylactic regimen.
However, with the appearance of new more potent oral
antiviral agents associated with less resistance (e.g. ,
entecavir and tenofovir) for the treatment of CHB, new
prophylactic strategies are being designed, either in
combination with HBIG or alone as a monotherapy.
These advances have allowed for more personalized
prophylaxis based on the individual risk profile of a
given patient. In addition, the small pool of donors
has required the use of anti-HBc-positive donors (with
the resulting possibility of transmitting HBV from these
organs), which has been made possible by suitable
prophylactic regimens.
Key words: Hepatitis B virus; Liver transplantation;
Recurrence; Prophylaxis; Hepatitis B immunoglobulin
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Core tip: The current success of liver transplantation
in patients with chronic hepatitis B (CHB)-related
cirrhosis is mainly due to the use of prophylaxis with
hepatitis B immunoglobulins (HBIG) and oral antivirals
against post-liver transplant recurrence of CHB. The
combination of low-dose HBIG plus antivirals forms
the current standard prophylaxis. The use of newer
antivirals (entecavir and tenofovir), coupled with
better understanding of the predisposing factors for
recurrence of CHB, has led to new perspectives for
prophylaxis regimens, aimed at withdrawal of HBIG
or the use of HBIG-free regimens, oriented toward a
strategy of individualized prophylaxis.
Jiménez-Pérez M, González-Grande R, Mostazo Torres J,
González Arjona C, Rando-Muñoz FJ. Management of hepatitis
B virus infection after liver transplantation. World J Gastroenterol
2015; 21(42): 12083-12090 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i42/12083.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i42.12083

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is responsible
for up to 30% of cases of liver cirrhosis and up to
[1]
53% of cases of hepatocellular carcinoma . Liver
transplantation (LT) is the best therapeutic option for
patients with end-stage liver failure caused by HBV.
The success of transplantation, though, depends on
the need to receive prophylactic treatment against
post-transplant viral reactivation. In the absence of
prophylaxis, LT due to chronic hepatitis B (CHB) is
associated with high rates of viral recurrence that
[2,3]
negatively influence survival . The introduction of
treatment with hepatitis B immunoglobulins (HBIG)
[4]
during the 1990s and the later incorporation of
oral antiviral drugs have led to improvements in the
prognosis for these patients, resulting in LT for CHB
now being a universally accepted option, with an
estimated 5 years survival of around 85% vs the 45%
[2,3,5]
survival seen prior to the introduction of HBIG
. The
combination of lamivudine (LAM) plus HBIG has for
many years been the most widely used prophylactic
regimen. However, with the appearance of new more
potent oral antiviral agents associated with less
resistance [entecavir (ETV) and tenofovir (TDF)] for
the treatment of CHB, new prophylactic strategies are
being designed, either in combination with HBIG or
even alone in monotherapy. This has resulted in the
development of more personalized prophylaxis based
[6]
on the individual risk profile of a given patient . In
addition, the small pool of donors has required the
use of anti-HBc-positive donors (with the resulting
possibility of transmitting HBV from these organs),
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Table 1 Risk of de novo hepatitis B in recipients of anti-HBcpositive organs
Recipient status

Naive

AntiHBc

+

AntiHBs
No prophylaxis
With prophylaxis

> 40%
12%
High risk

-

13%
< 4%
Intermediate
risk

AntiHBc
AntiHBs

+

+

< 2%
< 2%
Low risk

AntiHBc
AntiHBs

-

+

10%
< 2%
Intermediate
risk

which has been made possible by suitable prophylactic
[7]
regimens . Table 1 reflects the risk of recurrence of
hepatitis B in recipients of anti-HBc-positive organs
according to the serological status of the recipient.

PROPHYLAXIS FOR HBV RECURRENCE
AFTER LT
Various strategies have been suggested to aid in the
prevention of HBV recurrence after LT.

HBIG monotherapy

HBIG was the first effective drug used as prophylaxis
for recurrence of CHB in transplant patients. It led to
great advances, as it reduced the rates of recurrence to
around 20%-30% and significantly improved survival
[4]
rates . However, the use of HBIG as prophylaxis
in monotherapy has certain complications, such as
the potential for mutations in the surface gene that
determines resistance and loss of efficacy, the inability
to reach sufficiently protective anti-HBs titers in all
[8,9]
patients , and the high economic cost and difficulties
[10]
associated with their parenteral administration .
These inconveniences, together with the appearance
of new oral antiviral nucleos/tide analogues (NAs)
and the confirmation of their synergistic effect, mean
that HBIG is no longer used in monotherapy, and
the standard treatment for prophylaxis against CHB
recurrence is now combined therapy with HBIG plus
[10]
NAs .

NAs in monotherapy

LAM: LAM was the first effective oral antiviral used
against CHB. Its safety and efficacy, even in patients
with decompensated hepatic cirrhosis, enabled patients
to have a negative viremia at LT, thus reducing the
[11]
probability of post-LT viral recurrence .
[12]
Perrillo et al , using LAM monotherapy both
before and after LT, reported a recurrence rate of
around 30%, very similar to that seen with HBIG
[4]
monotherapy . Furthermore, it was also noted that
most recurrences were due to the development of HBV
DNA polymerase mutations that led to drug resistance.
These patients who experienced recurrence had higher
viral loads at the time of LT than those who did not
have recurrence, similar to patients treated with HBIG
monotherapy.
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Because of the high rate of resistance with LAM
after prolonged use the resulting risk of recurrence,
and the introduction of ETV and TDF with their high
genetic barrier to resistance, LAM monotherapy has
fallen into disuse.
Adefovir: The commercialization of adefovir (ADV)
in 2003 represented an alternative for patients with
[13]
resistance to LAM. Schiff et al studied a group of 60
patients, of whom 24 received ADV with or without
LAM with no HBIG as prophylaxis against post-LT
hepatitis B, and found that none developed recurrent
hepatitis B after a follow-up of 36 mo. However,
because of the potential nephrotoxic effect associated
with ADV and the risk of developing resistance ADV is
not the first choice for prophylaxis against post-LT CHB
recurrence.
ETV and TDF: The recent availability of these highly
effective, well-tolerated antivirals with their high
genetic barrier to resistance has resulted in changes
in the approach to CHB in relation to LT. Accordingly,
prophylactic strategies are now being reconsidered (see
below).

Combined prophylaxis with HBIG plus oral antivirals
[14-18]

Various studies and meta-analyses
on the synergic
effect of combination HBIG and NAs in prophylaxis for
CHB recurrence have found general recurrence rates
< 10%, which is noticeably lower than those seen
with HBIG or NAs in monotherapy. This reduction in
recurrence has led to combined prophylaxis (mainly
HBIG plus LAM) becoming the standard of care in LT
due to CHB. The possibility of resistance with longterm use of LAM encouraged a trial on the use of
combination HBIG and ADV. A systematic review by
[19]
Cholongitas et al
found that the combination of
HBIG plus ADV was more effective than prophylaxis
with HBIG plus LAM (2% vs 6.1%, P = 0.024).
However, relatively few studies have examined
combined prophylaxis with HBIG plus ETV or TDF.
Overall, these studies have found recurrence rates
[20-26]
ranging from 0% to 4%
. Nevertheless, no
randomized studies have yet compared the efficacy
of combined prophylaxis with HBIG + LAM vs HBIG +
ETV or TDF, although a recent systematic review noted
a higher recurrence rate with the combination HBIG
+ LAM than with HBIG + ETV/TDF (6.1% vs 1%, P =
[27]
0.0004) .

Prophylaxis with alternative dosing schedules of HBIG

The high economic cost of prophylaxis schedules
combining HBIG plus oral antivirals, together with
the high efficacy and safety of the more recent oral
antivirals (ETV/TDF), have led to the study of different
prophylactic strategies aimed at lowering or eliminating
HBIG in order to reduce costs and the inconveniences
associated with its administration.
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Additionally, other possible routes of administration
[28,29]
of HBIG have been assessed. Several studies
have
shown that low-dose intra-muscular (IM) administration
of HBIG when combined with NAs is a cost-effective
alternative to its intravenous (IV) administration.
Recently the subcutaneous administration of HBIG
has been found equally effective, well-tolerated, and
[30,31]
accepted by patients
.
HBIG dose reduction: Two differing strategies have
been tried: (1) Low-dose IM administration of HBIG
(400-500 IU) at fixed intervals with oral antivirals.
[29]
Two studies endorse these results; Gane et al found
recurrence rates of 1% during the first year and 4%
in the fifth year, using doses of 400-800 IU per day
for the first week and then monthly in combination
[32]
with LAM. Zheng et al
used doses of 800 IU at
first weekly and then monthly, recording recurrence
rates of 15% at 2 years. In both studies, the rates of
recurrence were significantly higher in those patients
5
with HBV-DNA values > 10 copies/mL at the time of
transplantation; and (2) “On demand” use of HBIG
doses to maintain anti-HBs titers between 50-100 IU/L,
considered protective when administered together
with oral antivirals. Although this strategy can be more
cost effective, it requires repeated monitoring of antiHBs titers, as the amount of HBIG needed to reach a
certain level of anti-HBs varies greatly from patient
[33]
to patient. Using this strategy plus LAM, Jiang et al
found recurrence rates of 2.3% the first year, 6.2%
the third year, and 8.2% the fifth year. As before,
5
pretransplant HBV-DNA levels > 10 copies/mL were
associated with greater recurrence.
[29,32,33]
These studies
, therefore, show that IV
administration of high doses of HBIG is neither
necessary nor cost-effective when given together with
oral antivirals and also highlight the importance of
pretransplant levels of HBV-DNA as a predictive factor
for recurrence.
Withdrawal of HBIG after combined prophylaxis:
Studies of this strategy vary greatly in design, type
of antiviral agent used, and time from LT to HBIG
withdrawal. In addition, most of the studies are
[34-44]
observational and from a single center
, with
[45-47]
just three randomized studies
. The overall rates
of recurrence in these studies ranged from 0% to
[34-47]
17%
.
Using this strategy, it is necessary to note that
although the results during the initial years after
withdrawing HBIG are good, the risk of recurrence can
increase over time due to the appearance of resistance
[48]
and, in particular, to lack of adherence . The problem
of the appearance of resistance may be of little
importance if high genetic barrier oral antivirals are
used, such as ETV or TDF. To date, only four studies
[34,37,42,43]
have been published
, none randomized,
analyzing recurrence after withdrawal of HBIG using
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TDF or ETV. A systematic review by Cholongitas et
[27]
al
that included the patients in these four studies
found a recurrence rate of 3.9% vs 1% in the case
of combined prophylaxis with HBIG and ETV/TDF,
although the difference was not significant (P = 0.17).
This therapeutic strategy seems to be associated
with a greater risk of recurrence in those patients with
high HBV-DNA levels at the time of transplantation.
One study found that detection of low and transitory
HBV-DNA levels was not necessarily associated
with recurrence, and only those patients who had
persistently high hepatitis B surface antigen (HBsAg)
and/or HBV-DNA levels had a high risk of experiencing
[44]
recurrence .
Prophylaxis without HBIG: Experience using
regimens of prophylaxis without HBIG and just
[25,49-54]
[52]
oral antivirals is very limited
. Fung et al
studied 80 patients who received ETV monotherapy
as prophylaxis, and the rate of HBsAg positivization
was 22.5%, where only one patient (1.2%) was
positive for HBV-DNA after the 26 mo follow-up
period. Likewise, they found that the patients with
HBV-DNA < 5 log copies/mL and HBsAg values < 3
log IU/mL pretransplant had an accumulated rate of
HBsAg negativization at 18 mo of 100% vs 78% in
the patients who did not fulfill these criteria. A more
[53]
recent study by these same authors
showed that
recurrence in patients treated with ETV (n = 142) was
0% at 3 years, whereas recurrence in those patients
treated with LAM (n = 176) was 17% (P < 0.001). A
[49]
study by Wadhawan et al
using different antivirals
in regimens without HBIG (ETV, n = 42; LAM + ADV,
n = 19; TDF, n = 12; and ETV + TDF, n = 2) noted
recurrence (defined as HBV-DNA positivity) in 6/75
(8%) patients, five of these related to lack of treatment
[34]
adherence. Cholongitas et al , in a systematic review,
noted a significantly higher recurrence rate among
patients who received prophylaxis completely free of
HBIG, using ETV or TDF, compared with those who
received combined therapy with HBIG plus LAM, with
recurrence defined as HBsAg positivity [26% (29/112)
vs 5.9% (109/1834), P < 0.0001]. Considering
recurrence as HBsAg positivity and detectable DNA,
the recurrence rates were 0.9% with HBIG-free
therapy vs 3.8% with combined therapy, although the
difference was not statistically significant (P = 0.11).
No differences were found in relation to the antiviral
used or the use of double-antiviral prophylaxis.
No studies are yet available concerning the
combined use of two ANs (e.g., ETV + TDF or TDF plus
emtricitabine) as prophylaxis without HBIG.

Vaccination against HBV

Active immunization with recombinant anti-HBV
vaccines could be an attractive alternative to the
indefinite administration of HBIG, particularly in
patients with a low risk of recurrence. However, the
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few studies available provide contradictory results;
and, at the present time, their generalized use cannot
be recommended, at least as an isolated prophylactic
[55,56]
strategy for post-LT CHB
.

Individualized prophylaxis against HBV

In recent years, growing scientific evidence supports
the possibility of reducing or even completely
withdrawing HBIG from prophylaxis regimens
against post-LT HBV, especially in patients with
a low risk of recurrence. When considering the
prophylactic regimen, it is necessary to consider
all those factors that may affect viral recurrence,
including virus-dependent factors [DNA-HBV and
HBsAg levels at the time of transplantation, antiviral
resistance, coinfection with hepatitis delta virus
(HDV), human immunodeficiency virus], patientrelated factors (treatment adherence, coexistence of
hepatocarcinoma), or those related with the particular
antiviral used (antiviral potency, genetic barrier). The
pretransplant DNA-HBV levels and the existence of
antiviral resistance are considered the most important
[29,53,57]
predictive factors for post-transplant recurrence
.
The presence of pretransplant hepatocarcinoma,
especially if there is post-transplant recurrence of CHC,
[58,59]
is associated with a greater risk of HBV recurrence
.
On the other hand, fulminant hepatitis B is associated
[60]
with a low risk of HBV recurrence , as is coinfection
[10]
with HDV .
Thus, those patients considered to be at low risk
for recurrence (negative pretransplant viremia, prior
absence of antiviral resistance) could be considered
for HBIG-free prophylaxis or with HBIG just given
for a limited time (1-6 mo), using antivirals with a
high genetic barrier (ETV/TDF) and provided there
are no treatment adherence problems. On the other
hand, patients at high risk for recurrence, as well as
those with limited options for treatment if prophylaxis
fails (e.g., patients with delta coinfection) would
benefit more from a long-term regimen based on the
combination of HBIG plus antivirals.

ANTI-CORE-POSITIVE DONORS
The imbalance between the high demand for
transplant organs and the paucity of donors has
necessitated the use of serum HBV-positive organs
(anti-HBc positive, HBsAg negative). These represent
the main risk factor for the de novo development of
[7]
hepatitis B in transplant patients . Several studies
have shown equal survival for anti-HBc positive and
[61-63]
anti-HBc negative organ recipients
. The risk of
developing de novo hepatitis B in anti-HBc-positive
organ recipients depends mainly on the serological
status of the recipient at the time of transplantation
and the adoption of effective prophylactic measures.
[7]
A systematic review by Cholangitas et al found that
if recipients were negative for both anti-HBc and anti-
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HBs the risk of recurrence was 48%, if the recipient
was anti-HBc positive the risk was 13%, and if the
recipient was anti-HBc positive and anti-HBs positive,
the risk was reduced to < 2%. With prophylaxis, the
risks were 12%, < 4%, and < 2%, respectively (Table
1). This prophylaxis is specifically for: (1) patients with
no immunity against the virus (HBsAg negative, antiHBc negative, anti-HBs negative); (2) patients with
acquired immunity (vaccinated: anti-HBs positive, antiHBc negative and HBsAg negative); and (3) patients
who are anti-HBc positive and anti-HBs negative.
Prophylaxis is not generally advisable in patients with
natural acquired immunity (HBsAg negative, anti-HBc
positive with anti-HBs positive) given the minimum or
[7,64]
null risk of reinfection
.
Prophylactic strategies for de novo hepatitis B
in recipients of anti-HBc organs have traditionally
consisted of HBIG with or without LAM. Diverse studies
have shown that HBIG monotherapy is inferior to that
of HBIG combined with LAM, and that combination
therapy with HBIG and LAM is no more efficient than
[7]
monotherapy with LAM to prevent resistance . The
[7]
systematic review by Cholongitas et al found that
the rate of de novo hepatitis B with monoprophylaxis
with LAM was < 3%. The high cost of prophylaxis
with HBIG and the introduction over recent years of
new antivirals with a high genetic barrier (ETV/TDF)
has resulted in many transplant centers ceasing to
[7,64,65]
use HBIG as passive prophylaxis
. Nevertheless,
the heterogeneity of studies concerning prophylactic
strategies with the use of anti-HBC positive organs
necessitates large, well-designed multicenter studies
to provide a high level of scientific evidence.

view, it is not yet universally accepted. Those patients
who, years after transplantation, are still HBsAgpositive with negative HBV-DNA may have a high risk
for a clinical, histological, and biochemical recurrence
of hepatitis B. Accordingly, it is not advisable to stop
HBIG in these patients.

CONCLUSION
LT for patients with hepatic cirrhosis due to CHB is now
a universally accepted treatment. The magnificent
results have been made possible in great measure
by the use of HBIG and oral antivirals for prophylaxis
against post-LT recurrence of CHB. The combination
of low-dose HBIG plus antivirals is now considered
the standard prophylaxis for post-LT recurrence of
hepatitis B. The use of the newer antivirals (ETV and
TDF), together with our better understanding of the
factors that predispose patients to recurrence of CHB,
has allowed for new focus to be placed on prophylaxis
regimens. These efforts are aimed at withdrawing
HBIG or the use of HBIG-free regimens from the
outset, using only oral antivirals, especially in patients
at low risk of recurrence, thus applying a strategy of
individualized prophylaxis. In addition, the efficacy
of these prophylactic regimens has enabled the use
of grafts from anti-HBc positive donors without these
being considered a risk, thereby increasing the donor
pool.
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Abstract
Hepatitis B is a common yet serious infectious disease
of the liver, affecting millions of people worldwide. Liver
transplantation is the only possible treatment for those
who advance to end-stage liver disease. Donors positive
for hepatitis B virus (HBV) core antibody (HBcAb) have
previously been considered unsuitable for transplants.
However, those who test negative for the more serious
hepatitis B surface antigen can now be used as liver
donors, thereby reducing organ shortages. Remarkable
improvements have been made in the treatment against
HBV, most notably with the development of nucleoside
analogues (NAs), which markedly lessen cirrhosis
and reduce post-transplantation HBV recurrence.
However, HBV recurrence still occurs in many patients
following liver transplantation due to the development
of drug resistance and poor compliance with therapy.
Optimized prophylactic treatment with appropriate
NA usage is crucial prior to liver transplantation, and
undetectable HBV DNA at the time of transplantation
should be achieved. NA-based and hepatitis B immune
globulin-based treatment regimens can differ between
patients depending on the patients’ condition, virus
status, and presence of drug resistance. This review
focuses on the current progress in applying NAs during
the perioperative period of liver transplantation and
the prophylactic strategies using NAs to prevent de
novo HBV infection in recipients of HBcAb-positive liver
grafts.
Key words: Nucleoside analogues; Liver transplantation;
Hepatitis B virus; Hepatitis B immunoglobulin; Hepatitis
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Core tip: Hepatitis B virus (HBV)-related end-stage liver
disease is a common indication for liver transplant. This
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review discusses application of nucleoside analogues
(NAs) for patients on liver transplant waiting lists,
as well as the preventive and therapeutic strategies
of NAs for HBV recurrence post-transplantation. The
prophylactic role of NAs for recipients of livers from
HBV core antibody-positive donors is also discussed.
This review will help physicians and surgeons improve
management of HBV-related liver transplant patients.
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INTRODUCTION
Hepatitis B virus (HBV) infection is the most common
chronic viral infection worldwide and ranks as one
[1]
of the top health burdens . Serological evidence of
current or past HBV infections is found in about 30% of
[2,3]
the world’s population . Despite the development of
management and treatment for chronic HBV infection,
some patients still advance to end-stage liver disease,
where liver transplantation is the only treatment.
In the early 1980s, chronic HBV was regarded as a
contraindication for liver transplantation since the
results were disappointing, with graft reinfection rates
at 80%-100% and two-year graft and patient survival
[4-6]
at approximately 50% .
In the late 1980s, nucleoside analogues (NAs) and
hepatitis B immune globulins (HBIG) were introduced
as new prophylaxis strategies against the recurrence
of HBV following liver transplantation. As a result,
survival rates increased to over 75% and reinfection
[7-9]
rates fell to less than 10% after 5 years . In this
combination therapy, NAs suppress the replication
of HBV and reduce the damage to hepatocytes by
hindering the synthesis of reverse transcriptase (RT),
[10]
which is essential for viral replication . HBIG is a
polyclonal antibody to HBV surface antigen (HBsAg),
which performs a central role in prophylaxis against
[11]
recurrent hepatitis B in liver transplant recipients .
However, the use of HBIG is undermined by its high
cost.
Several studies have aimed to minimize or
eliminate the use of HBIG without sacrificing low HBV
recurrence rates. Today, NAs remain the key therapy
for HBV infection in liver transplant recipients.

CLASSIFICATION AND
CHARACTERISTICS OF NAs
Classification of NAs

Three main groups of NAs are used, which are based
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on their structural classification. The approved NAs
include lamivudine (LAM), a deoxycytidine analog
with an unnatural L conformation, and the related
L-nucleoside, telbivudine (LDT). The second group,
the acyclic phosphonates, includes adefovir dipivoxil
(ADV), a prodrug for the acyclic 20-deoxy adenosine
monophosphate analog adefovir, and the structurally
similar tenofovir (TDF). The third group contains
a D-cyclopentane sugar moiety and includes the
most potent anti-HBV drug discovered to date, the
[12]
deoxyguanosine analog entecavir (ETV) . LAM was
the first oral antiviral agent against HBV, and initially
showed many positive efficacy and tolerability effects.
However, it is no longer the treatment of choice due
[13,14]
to its high risk of resistance
. ADV used to be
[15]
prescribed for patients with LAM resistance , but they
too faced development of resistance against ADV, and
better NA alternatives were developed. ETV and TDF
are newer antiviral drugs and have superseded other
NAs since they have superior antiviral efficacy and are
resilient to resistance. For these reasons, ETV and TDF
are currently recommended as the first-line therapy
[16]
for HBV-infected patients .

Drug resistance of NAs

Although NAs can suppress the replication of HBV
and control the progression of the disease, drug
resistance has limited their long-term effectiveness.
Although HBV has a DNA genome, it replicates
through reverse transcription of an RNA intermediate.
The lack of a proofreading ability of the virallyencoded RNA-dependent DNA polymerase can result
in mutations at multiple nucleotide positions in the
[17,18]
genome
. Viral fitness, potency, and genetic barrier
to resistance of the antiviral agents are the major
factors associated with the development of antiviral
[19]
resistance . For liver transplant recipients, the goal
of antiviral therapy is to prevent the reinfection of HBV
following transplantation. However, the development
of drug resistance is a common problem for such
patients because of the need for long-term NA use.
It is therefore important to optimize the duration
of use, type, and dose of NAs before and after
liver transplantation. A summary of the structure,
mechanism of action, and incidence of resistance of
[12,20,21]
currently available NAs is listed in Table 1
.

UsAGe of NAs for patients on liver
transplant waiting lists
Purpose of antiviral therapy in pre-transplantation
patients

Every patient with chronic HBV infection is potentially
infectious and at risk of developing liver complications.
Those who develop complications usually undergo
antiviral therapy. However, current medications rarely
achieve viral eradication in patients with chronic
[22]
HBV infection . Due to the development of antiviral
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ADV has been found to be associated with adverse
[36,37]
renal effects
. These drawbacks have fueled
research efforts to develop replacements for ADV
and LAM. The ideal pre-transplantation therapy will
be potent, have a high genetic barrier to resistance,
have good virological responses, and show long-term
[38,39]
efficacy
.

Table 1 Structure, mechanism of action, and incidence of
[12,20,21]
resistance of currently available nucleoside analogues
Drug name
LAM
LDT
ETV

ADV

Structure

Mechanism of action

Incidence of drug
resistance

Cytidine
analogue
Thymidine
analogue
Guanosine
analogue

Premature chain
termination

High

Adenosine
analogue

TDF

High
Inhibits priming RT
Inhibit negative
and positive strand
synthesis
Premature chain
termination
Inhibit negative
strand synthesis

ETV and TDF

Low

High
Unknown

ADV: Adefovir dipivoxil; ETV: Entecavir; HBV: Hepatitis B virus; LAM:
Lamivudine; LDT: Telbivudine; NA: Nucleoside analogue; RT: Reverse
transcriptase; TDF: Tenofovir.

resistance, many patients treated with antiviral drugs
nevertheless progress to liver cirrhosis. Once patients
develop decompensated cirrhosis, liver transplantation
is the only method of treatment available. The goal
of antiviral therapy for those who eventually undergo
liver transplantation is to decrease the risk of HBV re[23]
infection. Virus levels should be tested every 3 mo .
Antiviral therapy in pre-transplantation patients is
important to reduce viral load to low or non-detectable
[24,25]
HBV DNA serum levels
. All current data suggest
that an effective pre-transplantation anti-HBV therapy
[26]
prevents post-transplantation HBV recurrence .
The appropriate treatment with NAs to HBsAgpositive patients can maintain undetectable HBV DNA,
ameliorate liver injury, and improve long-term survival
[11,27,28]
following liver transplantation
. Physicians should
also consider how antivirals are used at other phases
of the transplantation process, including (1) those on
the waiting list; (2) prophylaxis therapy for transplant
recipients; and (3) treatment of recurrent HBV when
[23]
prophylaxis therapy fails .

LAM and ADV

LAM is the most widely used NA worldwide, due
to its low cost. Its efficacy has been confirmed to
improve liver function, diminish the incidence of
[29]
hepatocellular carcinoma , and reduce the need
[30,31]
for a liver transplant
. However, long-term LAM
monotherapy is associated with an increased rate of
viral resistance due to YMDD mutations (tyrosinemethionine-aspartate-aspartate mutations), which lead
to treatment failure and clinical deterioration. Mutation
rates are as high as 70% after 5 years of treatment
[32,33]
with LAM
. ADV is effective against both wild type
[34]
and LAM-resistant HBV strains . It also improves liver
function in patients with HBV-related decompensated
[35]
cirrhosis . However, its low potency, moderate risk of
resistance during long-term therapy, and higher cost
[29]
tend to impede its widespread use . Furthermore,
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ETV and TDF are potent antiviral agents with minimal
to zero risk of resistance. They are therefore currently
recommended as the first line of NAs for pre-transplant
therapy for patients with HBV-related decompensated
[16]
cirrhosis . ETV has a high genetic barrier to resistance
[40]
in nucleoside-naïve patients . A recent study of
chronic HBV patients with hepatic decompensation
showed that ETV administration significantly decreased
mortality. Patients treated with ETV for 24 wk showed
a greater reduction in serum alanine aminotransferase
levels, which is elevated during acute exacerbation
of HBV. Further, these patients had lower model for
end-stage liver disease (commonly known as MELD
[41]
scores) compared to those treated with LAM . Zhang
[42]
et al
then reaffirmed that ETV decreases MELD
scores and reported that it significantly reduces HBV
DNA levels and improves the long-term survival rate
in HBV patients with spontaneous acute-on-chronic
liver failure. In a retrospective study of patients with
chronic HBV, ETV was associated with a significantly
[43]
lower risk of death compared with LAM . These
findings support the use of ETV over other treatments
for patients on the transplant waiting list. TDF is
the most recent NA to be approved for chronic HBV
treatment. Recent research showed that treatment
with TDF monotherapy for 5 years led to prolonged
[6]
virological remission in the vast majority of patients .
Further, TDF was found to suppress LAM- and ADVresistant HBV, suggesting that TDF may be an effective
treatment for patients who had previously experienced
[44]
drug resistance . Due to TDF’s high potency and
higher genetic barrier, it has also been used on
[45]
patients with advanced liver fibrosis . However, TDF
has been observed to cause adverse renal effects after
[46,47]
1 year of treatment
, and ETV has been reported
to cause lactic acidosis in patients with severe liver
[48]
dysfunction . Studies with larger cohorts did not
[32]
find any lethal complication with either ETV or TDF .
Despite the higher cost and potential adverse effects
of ETV and TDF, they are currently recommended as
the first-line therapy for chronic HBV patients and for
patients with decompensated cirrhosis awaiting a new
liver.

APPLICATION OF NAs IN LIVER
TRANSPLANT RECIPIENTS
Prophylactic regimen with HBIG monotherapy

The use of HBIG following a liver transplantation
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was the first milestone in the prevention of posttransplantation HBV recurrence. HBIG monotherapy
[49]
reduced HBV recurrence by approximately 70% .
HBIG monotherapy with high doses (10000 IU) are
typically used during the anhepatic phase, and daily
doses (10000 IU) are given for the first few days
following transplantation. Subsequent doses are
administered according to serum HBV titers, and can
[50]
be either short term (6 to 12 mo) or indefinite .
Long-term HBIG monotherapy is generally well
tolerated. However, due to the possibility of late
reinfection and mutations of cell surface genes, HBIG
monoprophylaxis may not be a successful solution. For
this reason, combination therapy with HBIG and NAs
[51]
was introduced .

Prophylactic therapy with LAM plus HBIG

The second milestone for preventing HBV recurrence
following liver transplantation was the approval of the
use of LAM. By combining HBIG with LAM, over 95% of
[52]
HBV recurrence could be prevented . However, this
kind of treatment also causes several problems. For
example, due to the prominent risk of viral resistance,
[53]
LAM is not considered as an optimal first-line choice .
Also, since HBIG is a type of passive immunization,
meaning its effects are immediate and transient,
antibody titer must be monitored to guide the therapy.
Further, the high cost and inconvenient mode of HBIG
administration (i.e., repeated injections) represents a
major burden in its use. Many use HBIG as treatment
for a finite period of time in parallel with one or two
NAs, while some clinicians completely eliminate HBIG
[54]
in prophylactic regimens .

Discontinuation of HBIG

[55]

A study by Buti et al investigated the risk of HBV
recurrence following the discontinuation of HBIG
therapy in patients also receiving LAM maintenance
therapy. Patients were randomized into either a LAM
monotherapy group or an HBIG + LAM group and
treated for 1 mo. After 91 months, the two groups had
similar recurrence rates of > 10%. In a retrospective
study, 132 HBsAg-positive liver transplant recipients
received either LAM + HBIG (n = 97) or other NA
besides LAM + HBIG (n = 35). HBV recurrence was
only observed in the LAM + HBIG group at 1752 d
[56]
post-treatment . Other studies have focused on
using more effective NAs, other than LAM, to replace
HBIG. Since ADV is a key therapeutic alternative for
[57]
LAM-resistant patients , it has also been used in
combination with LAM to replace HBIG. A multicenter,
prospective study showed that all patients who
received LAM and ADV after HBIG discontinuation
had no HBV recurrence 22 mo after transplantation.
Combination therapy with LAM and ADV was therefore
[58]
deemed safe and effective for HBV recurrence .
[59]
Similarly, Nath et al reported that no recurrence took
place following 7 d of high-dose HBIG treatment (10000

WJG|www.wjgnet.com

IU) followed by LAM and ADV combination treatment.
Further, these types of combination therapies are both
more convenient and cheaper than using HBIG with
[60,61]
LAM
.
As discussed earlier, ETV and TDF are particularly
suitable for patients who are resistant to LAM and
ADV. One study analyzed patients with undetectable
HBV DNA and HBsAg-negativity at the time of liver
transplantation (n = 29). These patients were treated
with HBIG and ETV for 12 mo, after which the HBIG
treatment was discontinued. After 31 mo, only one
[62]
[63]
patient had recurrence . Teperman et al
recruited
patients treated with emtricitabine (a nucleoside
reverse transcriptase inhibitor)/TDF and HBIG for at
least 24 wk and randomized them into two groups.
One group (19 patients) received emtricitabine/TDF
combined with HBIG, while the other group (18
patients) was given emtricitabine/TDF alone for an
additional 72 wk. None of the study participants
experienced HBV recurrence following the 72 wk in
either group. After 26 mo of combined therapy with
emtricitabine/TDF after HBIG discontinuation, Wesdorp
[64]
et al
reported that only one out of 17 patients was
HBsAg-positive (but without detectable levels of HBV
[65]
DNA). Stravitz et al
reported similar results, where
emtricitabine/TDF was used as a prophylaxis against
HBV reinfection after HBIG discontinuation. In a
recent study, liver transplant recipients who received
combination therapy with HBIG and TDF or ETV were
switched to NA monotherapy (ETV or TDF) for 6 mo.
[66]
No recurrence of HBV was detected . Cholongitas
[67]
et al
evaluated the risk of HBV recurrence after
withdrawal of HBIG in liver recipients who underwent
HBIG/NA combination therapy for at least 12 mo.
Patients without HBV recurrence were enrolled for
HBIG discontinuation. Of these, 28 patients continued
on LAM in combination with ADV or TDF, 10 continued
on with TDF monoprophylaxis, and 9 continued on
with ETV monoprophylaxis. Although three patients
developed detectable HBsAg, all of them had
undetectable HBV DNA and no clinical signs of HBV
recurrence.
Most of the studies examining HBIG-free therapy
withdrew HBIG after several months of its application.
Studies focusing on a complete HBIG-free prophylactic
approach immediately following liver transplantation
are limited. However, one study reported on 80 liver
recipients who were given ETV without HBIG as the
primary prophylaxis against HBV recurrence. Ten
patients tested positive for HBsAg, and eight of those
remained HBsAg-positive after 26 mo. ETV-related
[54,68]
viral resistance was not detected in these patients
.
In another study, 75 patients with negativity for HBV
DNA at the time of liver transplantation were enrolled.
A combination of LAM and ADV was administered
to 19 patients, 42 were given ETV, 12 received TDF,
and 2 received a combination of ETV and TDF after
transplantation. Only six patients were positive for HBV
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DNA after 21 mo, five of which had stopped taking oral
[69]
antiviral medication . Although these studies showed
that maintenance therapy with effective NAs after
discontinuation of HBIG prophylaxis were effective,
further studies in larger cohorts with longer follow-up
periods are still needed. Studies that focus on longterm use of NAs without HBIG immediately after liver
transplantation are also warranted.

Is HBIG still necessary in the prophylactic regimen with
the development of NAs?

The studies described above show that in select
patients, HBIG can be successfully discontinued
or even excluded. However, although cost and
convenience for patients have been the driving force
for limiting or eliminating HBIG, it is important to
realize that we should not compromise the prevention
of disease recurrence. A recent systemic review
showed that the application of HBIG reduced HBV
recurrence and virus mutants. It also improved 1-year
and 3-year survival rates. A sub-group analysis showed
that patients with positive pre-transplant HBV DNA
status, HBIG was necessary to reduce HBV recurrence
[70]
rate . Thus, only patients with an undetectable HBV
DNA level prior to transplantation are suited for an
HBIG-free strategy. Further, such a strategy is only
possible with antiviral treatments that have high
efficacy and a high genetic barrier to resistance. For
those patients with high pre-transplantation HBV DNA
levels or those with limited antiviral options, HBIG-free
[11,71]
prophylaxis is not recommended
. The duration
of prophylaxis should also be considered. It has been
thought that adequate prophylaxis must be life-long
since NAs cannot eliminate the genomic template of
covalently closed circular DNA (cccDNA). As a result,
NAs do not eliminate the risk of viral replication in
[1]
grafts that contain cccDNA . Consequently, the use
of NAs does not eliminate the need for long-term
[9]
prophylaxis in recipients at risk for recurrent HBV .

Recurrence of posttransplantATION hBV and ITS
treatment strategies
Causes of HBV recurrence after liver transplantation

With the development of new antiviral agents and
appropriate prophylaxis strategies, the recurrence
rate of HBV following liver transplantations has
significantly decreased in the last decades. However,
a 0% recurrence rate has still not been achieved.
Several factors contribute to the recurrence of
HBV following a liver transplantation. First, pretransplantation patients with serum HBV DNA ≥ 105
copies/mL have a much higher rate of recurrence
compared with those whose HBV DNA is undetectable.
Theoretically, undetectable HBV DNA should be
achieved in all patients on the waiting list before
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[72]

they get a new liver . However, patients that are
admitted with severe decompensated cirrhosis or lifethreatening complications receive transplants out of
urgency, regardless of HBV DNA levels. Second, liver
transplant recipients receive immunosuppressant
drugs to prevent transplant rejection. It is well
known that any type of immunosuppressive therapy
[38,73]
can lead to HBV reactivation
. Third, drug
resistance is always a large risk in anti-HBV therapyparticularly for immunosuppressed patients. It was
reported that the LAM resistance is detected in 45%
of immunosuppressed patients within the first year
[10,74]
following liver transplantation
, and resistance to
[75,76]
HBIG has also been recently reported
. Lastly, the
compliance of patients also plays a role in recurrence
of HBV after transplantations, where low compliance
[77]
increases the risk of drug resistance .

Treatment strategies for HBV recurrence

Treatment approaches for recurrent HBV in liver
recipients is largely based on what we learn about
drug resistance in non-transplantation patients.
ADV was shown to be an effective rescue therapy
for patients with LAM-resistant HBV following liver
[78,79]
transplantation
. In a retrospective study, five
HBV-recurrent liver transplant recipients underwent
[80]
safe and effective ADV therapy . ETV and TDF
are also considered rescue therapy drugs for
recurrent HBV following liver transplantation. ETV
has been demonstrated to be safe and effective in
prophylaxis treatment, even in combination with
[81]
[68]
immunosuppressive agents . Fung et al
reported
that although only 26% of patients achieved complete
viral suppression at the time of transplantation, 98.8%
of patients reached undetectable HBV DNA levels
with ETV alone following liver transplantation. In a
case report, the combined treatment of LAM and TDF
effectively suppressed HBV DNA replication in a liver
[82]
recipient who had LAM, ADV, and HBIG resistance .
[83]
Karlas et al
reported that combination therapy
with ETV and TDF may be a promising therapy for
preventing post-liver transplantation HBV recurrence.
The optimal treatment method for HBV recurrence
following liver transplantation is still under debate.
More clinical studies are needed to thoroughly
investigate ideal combinations of antiviral agents.
The current treatment selections for liver transplant
recipients with HBV recurrence and drug resistance are
[10,16,84]
shown in table 2
.

use of HBcAb-positive LIVER donors
and the prophylactic regimen for
de novo HBV
Use of HBcAb-positive donors

Liver transplantations have saved thousands of patients
worldwide with end-stage liver diseases. However,
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from HBsAg positive donors, for HBV-related disease (n
= 6) or HBV-unrelated disease (n = 4). With sufficient
antiviral therapy, HBV replication was effectively
controlled. Besides, more encouraging outcomes of
recipients who received HBsAg positive donors were
[97,98]
also achieved by other centers
. These studies shed
light on the new era of liver transplant with HBsAg
positive donors.

Table 2 Treatment selections for liver transplant recipients
[10,16,84]
with HBV recurrence and drug resistance
HBV recurrence
after liver
transplant

LAM resistance Add ADV or switch to ETV or TDF
ADV resistance
Switch to TDF
ETV resistance
Switch to TDF
HBIG resistance
Switch to NAs monotherapy or
combined therapy

HBV: Hepatitis B virus; LAM: Lamivudine; ADV: Adefovir dipivoxil;
ETV: Entecavir; TDF: Tenofovir; HBIG: Hepatitis B immune globulin; NA:
Nucleoside analogue.

shortages of donor livers limit their use and impede
transplantation research. Thus, several strategies,
including the use of HBsAg-negative/HBcAb-positive
donors, have been used to expand the liver donor
pool. HBcAb-positive donors were previously exposed
[85,86]
to HBV, but did not develop chronic infection
. The
presence of persistent intrahepatic HBV cccDNA in
HBcAb-positive donors constitutes a potential reservoir
[87]
for viral reactivation . In the absence of prophylaxis,
the frequency of HBV transmission ranges from 33% to
[88,89]
100%
. It is generally agreed that HBcAb-positive
donor livers should be preferentially used in recipients
who were HBV-positive prior to transplantation,
since these patients require HBV treatment after
[90]
operation . For liver recipients unvaccinated and
unexposed to HBV and who receive HBcAb-positive
livers, prophylactic regimens remain to be defined.
If they have never been exposed to any antiviral
drugs, LAM and HBIG are regarded as the optimal
prophylactic regiments. The infection rates of HBV
with LAM alone or combined with HBIG treatments are
[91,92]
approximately 10%
. In a 12-year study period,
[93]
Chang et al reported that LAM monoprophylaxis was
effective in preventing de novo HBV in the majority
of recipients, with only 8% of patients developing de
novo HBV. Considering the high resistance rate of
LAM, another study applied ADV monotherapy for liver
transplant recipients who received HBcAb-positive
livers. All recipients had undetectable HBV DNA after
[94]
a 1.8 years . The effectiveness of ETV and TDF in
[95]
this context is still unknown. Recently, Ohno et al
evaluated whether active immunization prevented
post-transplantation de novo HBV infection in patients
who received HBcAb-positive liver grafts. They found
that 90% of recipients acquired active immunity after
four vaccinations. None had any side effects from
HBV vaccination and none developed HBV infection
during the study period. These results indicate that
vaccination provides a new effective strategy for
prevention of de novo HBV infection following liver
transplantation in recipients who were given HBcAbpositive liver grafts. Furthermore, due to the shortage
of donor liver and highly effective antiviral therapy,
scientists started to use HBsAg positive donor, Loggi et
[96]
al
reported 10 patients underwent liver transplant

WJG|www.wjgnet.com

Prophylaxis for de novo HBV following liver
transplantation

Although effective antiviral therapy enables the wide
use of HBcAb-positive donors, many unanswered
questions remain regarding the risk of de novo HBV
and the appropriate prophylactic measures that should
be taken. It should also be noted that the degree of risk
[99]
also depends on the immune status of recipients . In
our pediatric liver transplantation center, we found that
intrahepatic HBV DNA in allografts may be a risk factor
for de novo HBV infection in pediatric recipients of
[100]
HBcAb-positive allografts . While the use of HBcAbpositive donors increases, it is of utmost importance to
exercise best preventative practices. De novo HBV is
caused by two main reasons. First, the incidence rate
of de novo HBV is significantly higher in the recipients
who did not receive any prophylactic therapy compared
[101]
with those who were treated with NAs . Second, de
novo HBV infection occurs in recipients who develop
antiviral drug resistance. For these patients, mutant
[102]
surveillance and change of NAs are necessary
.
HBcAb-positive donors can be used as a strategy to
increase donor pool on the premise of effective antiviral
prophylaxis with NAs and close surveillance. The
strategies for preventing HBV recurrence for different
groups of HBV-related liver transplant recipients are
listed in table 3.

CONCLUSION
Improvements in the effectiveness and management
of antiviral NAs have substantially improved the
outcomes of HBV-related liver transplantations.
Optimal treatment varies from case to case, but drug
resistance is a major consideration in choosing the
best option. ETV and TDF are currently the treatment
choice for patients with drug resistance, but they are
typically combined with HBIG. Since HBIG is costly
and inconvenient, HBIG-free regimens are actively
explored. Recombinant HBV vaccination is also
emerging as an effective strategy for preventing posttransplantation HBV recurrence. Lastly, the ability to
use HBcAb-positive donors is an encouraging step
to increase the supply of donor livers. Personalized
treatment seems to be the key future strategy in the
treatment of HBV-infected patients, but novel antiviral
agents with a high barrier to resistance should also be
pursued to minimize drug resistance and to treat and
prevent HBV prevalence.
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Table 3 Strategies for preventing hepatitis B virus recurrence
for different groups of hepatitis B virus-related liver transplant
recipients
Low risk recipient
(undetectable HBV DNA
before transplantation)

High risk recipient
(detectable HBV DNA before
transplantation or with
limited antiviral options)
Recipient with HBcAb
positive donors

10

NAs + HBIG[52]
NAs + short-term HBIG, then switch
to NAs combined therapy[58,59] or NA
monotherapy (ETV or TDF)[66]
NAs combined therapy[54,68]
NA monotherapy (ETV or TDF)[69]
(Further studies are needed)
NA + long-term HBIG[56]

11
12
13
14

NA + HBIG[91,92]
NA monotherapy[93,94]
Active immunization[95]

15

ADV: Adefovir dipivoxil; ETV: Entecavir; HBcAb: Hepatitis B virus core
antibody; HBIG: Hepatitis B immune globulin; HBV: Hepatitis B virus;
LAM: Lamivudine; NA: Nucleoside analogue; TDF: Tenofovir.
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Abstract
Hepatitis C virus (HCV) infection is one of the most
common causes of chronic liver disease and the main
indication for liver transplantation worldwide. As
promising specific treatments have been introduced
for genotype 1, clinicians and researchers are now
focusing on patients infected by non-genotype 1 HCV,
particularly genotype 3. Indeed, in the golden era of
direct-acting antiviral drugs, genotype 3 infections
are no longer considered as easy to treat and are
associated with higher risk of developing severe liver
injuries, such as cirrhosis and hepatocellular carcinoma.
Moreover, HCV genotype 3 accounts for 40% of
all HCV infections in Asia and is the most frequent
genotype among HCV-positive injecting drug users
in several countries. Here, we review recent data on
HCV genotype 3 infection/treatment, including clinical
aspects and the underlying genotype-specific molecular
mechanisms.
Key words: Hepatitis C; Genotype 3; direct-acting
antivirals; Interferon; Hepatocellular carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article reviews the complex relationship
between hepatitis C virus (HCV) genotypes and the
possible complications in chronically infected patients.
We discuss recent updates on the epidemiology and
clinical aspects of HCV genotype 3 infection, including
the currently available therapies. We also describe
model systems to study the HCV genotype-specific
molecular mechanisms.
Gondeau C, Pageaux GP, Larrey D. Hepatitis C virus infection:
Are there still specific problems with genotype 3? World J
Gastroenterol 2015; 21(42): 12101-12113 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i42/12101.htm DOI:
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the specific features and current issues of HCV GT-3
infection/treatment, including clinical aspects and the
underlying molecular mechanisms.

INTRODUCTION
Currently, about 3% of the world population is infected
by the hepatotropic virus responsible for hepatitis
[1]
C . Thanks to intense research during the last two
decades, hepatitis C virus (HCV) life cycle is now well
[2-4]
known . HCV is a small enveloped virus belonging to
the Flaviviridae family and the hepacivirus genus, with
a plus-strand RNA genome of about 9.6 kb. The HCV
genome consists of a single open reading frame that
encodes a large polyprotein of approximately 3000
amino acids. This polyprotein is processed by host and
viral proteases to generate three structural (core, E1,
E2) and seven non-structural proteins (p7, NS2, NS3,
[5]
NS4A, NS4B, NS5A and NS5B) . Due to the errorrate of its RNA-dependent RNA polymerase NS5B,
the high levels of viral replication and the pressure
exerted by the host immune response, HCV sequence
is highly variable, resulting in its classification in seven
[6]
genotypes (GT) and 67 subtypes .
Two recent studies estimated the global burden
[7,8]
of HCV infection and genotype distribution . GT-1
is the most prevalent worldwide (46%), followed
by GT-3 (22%). HCV genotype distribution shows
geographic variations that reflect transmission mode
differences and ethnic variability. Genotype diversity
also directly affects the infected patients’ outcome
due to genotype-specific differences in response to
treatment and disease severity. Until recently, HCV
GT-3 was considered to be an easy-to-treat infection
by using the standard combination of pegylated
interferon α (PEG-IFN) and ribavirin (RBV), with higher
cure rates (about 70%) than the other viral genotypes
[9]
(particularly GT-1) . In 2011, the approval of the first
HCV protease inhibitors, in combination with PEG-IFN
and RBV, greatly improved the treatment of HCV GT-1
in Europe and the United States. However, due to the
side effect profiles and costs per sustained virologic
response (SVR), this triple combination is no longer
recommended by the European Association for the
[10]
Study of the Liver (EASL recommendations 2015 ).
Indeed, several more effective and better tolerated
direct-acting antivirals (DAAs) are now in clinical
[11]
development , or have been approved by the Food
and Drug Administration and the European Medical
Agency (EMA). Among them, a nucleotide analog
inhibitor of the HCV RNA-dependent RNA polymerase
(sofosbuvir), a second-generation protease inhibitor
(simeprevir) and two HCV-NS5A inhibitors (daclatasvir
and ledipasvir) can be used in combination therapies.
Despite the wide range of new DDAs, few
therapeutic options are effective for HCV GT-3.
Moreover, the high cost of the new treatments implies
a careful patient selection and will limit treatment
delivery in some regions of the world. Here, we discuss
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EPIDEMIOLOGY
Although persistent HCV infection is one of the leading
causes of liver-related morbidity and mortality, possibly
[12]
accounting for up to 0.5 million deaths every year ,
its epidemiology remains poorly understood in many
countries. As the efficacy of current and new therapies
differ according to the HCV genotype, epidemiological
data on the infected populations and the HCV genotype
distribution have important clinical implications.
Several recent studies on the global, regional and
national prevalence and genotype distribution of
HCV infection highlighted significant geographical
[7,13-15]
differences
(summarized in Table 1). Specifically,
HCV GT-3 accounts for 40% of all HCV infections in
Asia, with a high prevalence in India, Malaysia and
[8]
Pakistan (54%, 59% and 79%, respectively) . HCV
GT-3 is also predominant (> 43%) in some European
countries (Denmark, Finland and United Kingdom) and
[14]
might represent 50% of all HCV infections in Norway
[8]
and about 36% in Australasia . The genotype
distribution in a country may change from one year
to the other, partly due to the migration of infected
individuals and therefore, needs to be regularly
updated. For instance, a recent study conducted in
the southern part of Turkey reported a HCV GT-3
prevalence of 46%, a rate remarkably higher than that
[16]
from previous Turkish findings
(Table 1). Updated
data from four regions of Thailand and from Southeast
Asia also indicate variations in the distribution of HCV
genotypes and subtypes, notably in the 3a/3b subtype
[17]
ratio (Table 1). Phylogenetic analysis of HCV subtype
3a, the prevalent subtype in Thailand, showed that
the genotypes of HCV samples from infected Thai and
Indian/Pakistani patients cluster in close proximity,
supporting the hypothesis of a close relationship
between the HCV subtype 3a viruses that circulate in
[18]
these countries .
Over the last ten years, GT-3 was reported as the
most frequent genotype among HCV-positive injecting
[19-21]
drug users (IDUs) in several countries
. In 2011,
[22]
Nelson et al
performed a global systematic review
of HCV prevalence among IDUs and found that about
10 million IDUs worldwide might be HCV-positive.
China, the United States and the Russian Federation
have by far the largest HCV-positive IDU populations.
Thus, IDUs are now at the heart of the HCV epidemics
[23,24]
in developed countries
. More specifically, HCV
subtype 3a, which originated from Asia, has spread
widely among IDUs and also among other patient
[25]
groups in industrialized countries . Recently, a
prospective, multicenter cohort study on the treatment
of HCV/HIV-positive patients after liver transplantation
in Spain indicated that co-infected patients were
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Table 1 Reported prevalence of hepatitis C virus genotype 3
Country, Region
Asia
India
Malaysia
Pakistan
Thailand
Thailand, North
Thailand, South
Europe, Western
Denmark
Finland
Norway
United Kingdom
Middle East
Turkey
Turkey, province of
Kahramanmaras
Australasia
Australia
New Zealand

Viremic population

Genotype 3
prevalence

Ref.

6026 (3157-7174)
8666 (5150-15449)
237 (47-1216)
7039 (1728-10524)
925 (633-1259)

54.4%
64.0%
58.6%
79.0%
44.2%
23%/16% (3a/3b)
38%/14% (3a/3b)

[8]
[14]
[8]
[8]
[8]
[17]
[17]

21 (14-21)
22 (16-27)
29 (25-37)
22 (18-28)
210 (125-428)

43.0%
46.0%
28.1%
50.0%
43.8%

[8]
[8,14]
[8]
[14]
[8]

434 (274-959)

4.9%
46.0%

[8]
[16]

234 (169-260)
50 (27-72)

36.8%
35.0%

[8]
[8,14]

younger and had more frequently HCV GT-3 than
[26]
patients infected only by HCV .

CLINICAL COURSE
pathologies frequently associated with hcv genotype 3

Most HCV infections are asymptomatic. Consequently,
infected individuals are not aware of their illness until
the appearance of severe and irreversible liver disease,
often several decades after the initial infection.
Steatosis, characterized by lipid droplet accumulation
in the cytoplasm of hepatocytes, is an extremely
common histological finding in patients with chronic
HCV (from approximately 40% to 80%, depending
on the studies) and its prevalence is two times higher
[27]
than in the general population . Several risk factors for
steatosis and liver injuries in HCV infection (i.e., high
fat diet, chronic alcohol consumption, dyslipidemia,
obesity, chronic drug consumption, diabetes, insulin
resistance, etc.) are the same as for alcoholic and nonalcoholic steatohepatitis, thus rendering the precise
relationship between steatosis and HCV difficult to
[28,29]
determine
. Nevertheless, in 1997, a study on
the liver histopathological lesions in 90 HCV-positive
patients revealed a significantly higher prevalence of
steatosis among patients infected by HCV GT-3a than
[30]
by GT-1a or 1b . Since then, several other works
confirmed this association and provided evidence of
[31,32]
a HCV GT-3-specific cytopathic effect
. In a later
[33]
study, Rodriguez-Torres et al
reported that among
614 patients, those with HCV GT-3 infection were
more likely to have steatosis than patients infected
by HCV GT-2 (79% vs 59%). This HCV genotype
was qualified as steatogenic. Indeed, several studies

WJG|www.wjgnet.com

reported a significant improvement in steatosis in
HCV GT-3 patients who achieved sustained viral
[34-36]
clearance after antiviral therapy
, Furthermore,
GT-3 patients tend to have hypocholesterolemia and
[37-39]
hypobetalipoproteinemia
, thus accounting for a
direct effect of the virus on lipid metabolism. HCV GT-3
infection also promotes liver fibrosis development/
[40-43]
progression
. However, the coexistence of host
and viral factors contributing to liver steatosis and
fibrosis in the same patient impair the analysis of
their independent involvement and this issue remains
[44,45]
controversial
.
Moreover, chronic HCV induces multiple defects
in the upstream components of the insulin signaling
pathway in the liver, thus contributing to the
observed prevalence of insulin resistance (IR) and
[46-48]
type 2 diabetes mellitus in infected patients
. A
genotype-specific association between IR and HCV
was recently confirmed in a study on 497 HCV GT1-positive patients and 541 GT-2/3-positive patients
who received IFN-based therapy and in whom IR was
measured before and 12 wk after the treatment using
[49]
the homeostasis model assessment of IR (HOMA-IR) .
SVR was associated with a reduction in the HOMA-IR
value in HCV GT-1-positive patients, but not in those
with HCV GT-2 or GT-3 infection. Of note, IR was
identified as an independent predictor of advanced
[45]
fibrosis in patients with chronic HCV GT-3 infection .
However, the mechanism of HCV-mediated IR and the
genotype-specific association remains unclear.
Evidence that viral factors, such as the HCV
genotype, may affect the risk of progression to
cirrhosis or to hepatocellular carcinoma (HCC) is
[50]
scarce. Larsen et al
investigated the risk factors
for these severe liver diseases in HCV-infected drug
abusers in France between 2001 and 2007 and
showed that HCV GT-3 infection is associated with
severe liver disease in drug abusers, independently of
age, sex, duration of infection, alcohol consumption
and co-infection with HIV. In 2011, Nkontchou et
[51]
al
reported the association of HCV GT-3 infection
and higher HCC incidence in patients with cirrhosis
in France. A strong association between chronic HCV
[52]
GT-3a infection and HCC was also found in Pakistan .
This finding was recently confirmed by the analysis of
patients’ data from the Veterans Affairs HCV clinical
registry showing that the risks of cirrhosis and HCC
were significantly higher in HCV GT-3- than in GT-1[53]
infected patients .
Conversely, HCV GT-3 was not reported as a
significant factor influencing post-liver transplantation
hepatitis, contrary to HCV GT-1, although the genotype
influence on HCV recurrence after liver transplantation
[54]
remains controversial .

Extra-hepatic manifestations

Besides liver disease, HCV infection can also cause a
variety of extra-hepatic problems (autoimmune and/or
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Table 2 Factors associated with poor response to pegylated interferon a/RVB in hepatitis C virus GT-3- infected patients
Factors

Study design

Number of
patients

Characteristics

Ref.

Comments

Prospective

426 (all GT-3)

[56]

Combined with non-RVR

Retrospective

107 (all GT-3)

223 patients with viral load >
8 × 105 UI/mL
45 non-SVR/62 SVR

[71]

Combined with advanced fibrosis

Retrospective

10 (all GT-3)

Prospective

49 (all GT-3)

25 non-SVR/24 SVR

[62]

Significant mutations at positions 2309 (Ala
to Ser) and 2326 (Gly to Ala)

Prospective

91 (all GT-3)

17 cirrhotic/74 non-cirrhotic

[63]

Retrospective
Retrospective

604 (all GT-3)
180

145 cirrhotic/459 non-cirrhotic
108 GT-3/72 GT-2

[64]
[66]

Steatosis

Retrospective
Prospective
Retrospective

107 (all GT-3)
224
932

45 non-SVR/62 SVR
182 GT-3/42 GT-2
505 GT-3/427 GT-2

[71]
[69]
[70]

Ethnicity

Retrospective

103

66 Caucasians/38 Asians

[74]

Retrospective

604 (all GT-3)

[64]

Retrospective

107 (all GT-3)

305 non-Asians/299 South
Asians
45 non-SVR/62 SVR

Prospective

293 HCV
RNA- positive
92

65.87% GT-3/32.08% GT-1

[78]

36 GT-3/56 GT-1

[79]

Also associated with increased risk of posttreatment relapse
Response not affected by ethnicity
Lack of SVR associated with fibrosis and
GT-3
Combined with high baseline viral load
Lower SVR in GT-3
Associated with higher relapse rates in GT-3
patients who had RVR
Poor response could reflect more advanced
liver disease at baseline in Asian patients
No correlation between ethnicity and
treatment relapse
No correlation between IFNL3
polymorphisms and SVR
CC and TT alleles strongly associated with
SVR in GT-3 patients
In GT-3, low ISG15 expression and goodresponder IFNL4 genotype associated with
high SVR rates

Viral factors
High baseline viral load
(> 8 × 105 UI/mL)
High baseline viral load
(> 6 × 105 UI/mL)
High baseline quasispecies complexity and
diversity
Mutations in NS5A
Host factors
Fibrosis/Cirrhosis

IFNL3 gene polymorphisms

Intrahepatic ISG15
expression/IFNL4 gene
polymorphisms

Retrospective

[58]

[71]

GT: Genotype; SVR: Sustained virologic response; RVR: Rapid virologic response; NS5A: Non-structural 5A protein; IFNL: Interferon lambda; ISG:
Interferon-stimulated gene; HCV: Hepatitis C virus.

lymphoproliferative disorders as well as cardiova
scular, renal, metabolic and central nervous system
[55]
diseases) in up to 74% of patients . To the best of
our knowledge, there is no evidence of a significant
association between extra-hepatic diseases and HCV
genotype.

HCV GENOTYPE 3 AND RESPONSE TO
THE STANDARD TREATMENT
High SVR rates are observed in HCV GT-3-infected
patients who receive the standard-of-care treatment
(PEG-IFN/RVB). Accordingly, this genotype has been
considered as “easy to cure” and grouped with GT-2 in
clinical studies. However, increasing evidence indicates
that differently from GT-2, some patients infected
by HCV GT-3 respond poorly. Several viral or host
factors could be associated with this reduced response
(summarized in Table 2).

Viral factors

The baseline viral load is critical for treatment outcome.
Indeed, HCV GT-3-infected patients with high pre5
treatment viral load (> 8 × 10 IU/mL) are unlikely to
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[56]

show an SVR . Moreover, it is well known that the
high degree of genetic diversity of the HCV genome is
associated with viral sensitivity or resistance to IFN[57]
based therapy . Accordingly, high HCV quasi-species
complexity/diversity might negatively influence the
outcome of IFN-based therapy in patients with chronic
[58]
HCV GT-3 infection . Viral genetic polymorphisms,
especially within the non-structural 5A protein (NS5A)
regions, may also be involved in the response to
[57,59-61]
PEG-IFN/RVB therapy
. Specifically, in a small
cohort of 49 non-responder and responder HCV GT[62]
3a-infected patients, Mansoor et al
identified NS5A
mutations that allow predicting the response to
treatment.

Host factors

Several studies suggest that liver fibrosis and cirrhosis
have a negative effect on the treatment response in
[63,64]
HCV GT-3-infected patients
and that they are
associated with an increased risk of hepatitis relapse
[63]
after treatment . Recently, a multicenter, openlabel, randomized trial (n = 136 patients) showed
that patients infected by HCV GT-3 and with advanced
fibrosis do not benefit from extended therapy (48
[65]
wk) with PEG-INF/RBV . Moreover, in a small cohort
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[66]

of 180 Canadian patients, Powis et al
found a
significant interaction between cirrhosis and HCV
GT-3 (vs GT-2), leading to poor antiviral response.
However, this association was also reported for other
[67]
genotypes .
Among the severe liver injuries linked to HCV,
steatosis negatively influences the response to
[68]
antiviral therapy , particularly in HCV GT-3-infected
[69]
patients , and is an independent predictor of relapse
after rapid virologic response in these patients,
[70]
irrespectively of the viral load . However, using the
database of a large prospective clinical trial in patients
with HCV GT-2 or GT-3 infection, Rodriguez-Torres et
[33]
al
found that liver steatosis did not affect the viral
response in patients treated with PEG-IFN/RBV for 16
or 24 wk. A major limitation of many studies on SVR
predictors is that they evaluated HCV GT-2- and GT-3[71]
infected patients together. Therefore, Marciano et al
performed a retrospective multicenter study on 107
HCV GT-3-infected patients in Argentina and showed
that advanced fibrosis and high pre-treatment viral
load were associated with poor response to PEG-IFN/
RBV in the patients who did not achieve an SVR.
Several studies focused on ethnic features that may
influence the efficacy of IFN-based therapy, mainly by
[72,73]
comparing Asian and Caucasian patients
. In 2008,
a small study found a lower SVR rate in South Asian
[74]
patients infected by HCV GT-3 than in Caucasians .
The influence of Asian ethnicity on the response to
therapy for HCV GT-3 infection appears to be a major
issue because this HCV genotype accounts for 40% of
all infections in Asia. However, this association remains
controversial because a retrospective analysis of 604
patients infected by HCV GT-3 and undergoing therapy
in four United Kingdom centers (where many patients
originate from the Indian subcontinent) showed that
the response to antiviral therapy was affected by age,
cirrhosis and diabetes, but not by the patient ethnicity
[64]
(South Asian vs Caucasian) .
Polymorphisms of the interleukin-28B gene (IL28B,
also named IFNL3 for IFN lambda 3) located on
chromosome 19 may affect both the natural history
of HCV infection and the patient response to IFN[75,76]
based therapy
. A recent systematic meta-analysis
revealed a weak correlation between treatment
outcome and IFNL3 genotype in patients infected
[77]
by HCV GT-3 or GT-2 . However, in most studies
analyzed in this review, these two genotypes were
included in the same subgroup, thus rendering difficult
to draw conclusions exclusively for GT-3. The recent
[71]
study by Marciano et al
on 107 HCV GT-3-infected
patients in Argentina did not find any association
between IFNL3 polymorphisms and SVR, while a study
on HCV GT-3 infected patients in India showed that
two favorable single nucleotide polymorphisms (SNPs)
(rs12979860 and rs8099917) are strongly associated
[78]
[79]
with SVR . Holmes et al
evaluated the association
between IFNL3 and IFNL4 (a variant upstream of
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[80]

IFNL3 identified as a new IFNL gene ) genotypes,
intrahepatic expression of IFN-stimulated genes (ISGs)
and PEG-IFN/RBV treatment outcome in HCV GT-1 and
GT-3-infected patients. Interestingly, this retrospective
analysis of 259 patients treated with PEG-IFN/RBV in a
single large tertiary center in Australia between 2004
and 2011 clearly highlights fundamental differences
in the host response to HCV GT-1 and GT-3 infection,
with a central role for intrahepatic ISG15 expression,
independently of the IFNL4 genotype. The lowest
ISG15 level was observed in HCV GT-3-infected
patients with the good-responder IFNL4 genotype and
the highest SVR. Conversely, the highest ISG15 level
was detected in HCV GT-1-infected patients with the
poor-responder IFNL4 genotype and the lowest SVR
[81]
rates. Robinson et al
compared gene transcription
profiles in liver biopsies from uninfected and HCV
GT-1- or GT-3-infected patients and confirmed the
reduced predictive value of the IFNL genotype for HCV
GT-3. Moreover, investigation of the host-pathogen
interactions that underlie the genotype-specific clinical
[82]
outcomes of chronic HCV infection
showed elevated
ISG transcription in peripheral blood mononuclear cells
from HCV GT-1-, but not from GT-3-infected patients,
thus confirming the genotype-specific host-pathogen
interactions.

HCV GT-3 infection after liver transplantation

Until recently, the treatment outcome of recurrent
HCV GT-3 infection after liver transplantation was not
[83]
precisely known. Faisal et al
demonstrated that the
efficacy of the PEG-IFN/RBV combination for recurrent
HCV GT-3 infection after liver transplantation is high
and comparable with that in non-transplanted patients.
To improve the virologic response to IFN therapy,
some combinations with other drugs were assessed.
For instance, a case report indicated that the
association of PEG-IFN/RBV and silibinin (an antiviral
drug) resulted in an SVR after 24 wk in a treatmentnaive patient who was reinfected by HCV GT-3 after
[84]
liver transplantation .
Other drugs have been tested in combination
with PEG-IFN and RBV. A prospective study on 179
treatment-naive patients with chronic HCV GT-1 or
GT-3 infection indicated that fluvastatin (a 3-hydroxyl3-methylglutaryl-coenzyme A reductase inhibitor of the
statin family) combined with PEG-IFN/RBV improves
the SVR in naive patients chronically infected by HCV
GT-1 and high viral load, but not in patients infected by
[85]
HCV GT-3 . Similarly, no significant benefit of statin
in HCV GT-3 infection was found in a study based
on the analysis of the United States Department of
[86]
Veterans Affairs patient database .
Finally, severe side effects have been reported
during IFN therapy and are one of the most frequent
[87,88]
causes of treatment discontinuation
. Moreover, in
specific groups of patients, IFN-based regimens are
contraindicated or not applicable or failed repeatedly.
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Table 3 Overview of direct-acting antiviral-containing treatments for hepatitis C virus genotype-3-infected patients
1

Drug combination
IFN-containing treatment
PEG-IFN/RBV and SOF
PEG-IFN/RBV and DCV
IFN-free treatment
SOF and RBV
SOF and DCV
SOF/DCV and RBV
SOF/ledipasvir (single-tablet regimen)
Promising therapeutic option
GS-5816/SOF ± RBV

Recommendations

Duration

Ref.

For treatment-experienced patients, with or without cirrhosis
Not yet recommended

12 wk
12 or 16 wk

[97]
[98]

Suboptimal in treatment-experienced cirrhotic patients
For patients without cirrhosis
For treatment-naive and treatment-experienced patients with cirrhosis
Not yet recommended

24 wk
12 wk
24 wk
12 wk

[99,100]
[101]
[102]
[104]

Under evaluation

12 wk

[107,108]

1

According to the EASL Clinical Practice Guidelines in April 2015[10].

Therefore, IFN-free regimens need to be developed/
tested in these patients.

recommended only three treatment options with DAAs
for HCV GT-3 infections, in addition to PEG-IFN/RBV,
and two of them are IFN-free regimens (summarized
in Table 3).

GENOTYPE 3 IN DAA GOLDEN ERA
Until 2013 and given the relative efficacy of the
standard-of-care treatment (PEG-IFN and RBV for
24 wk) for the other genotypes, research and drug
development focused mainly on HCV GT-1. Currently,
the introduction of DAAs has revolutionized HCV GT-1
therapy, while few effective treatment options are
available for patients infected by HCV GT-3 who do
not achieve an SVR with IFN (particularly, patients
with cirrhosis), or have medical contraindications to
IFN. First-generation, first wave NS3/4A protease
inhibitors (telaprevir and boceprevir) are not efficient
[11,89,90]
against HCV GT-3 infection
. For instance, Foster
[89]
et al
reported that telaprevir alone or with PEG-IFN
and RBV reduces the plasma levels of HCV RNA in
patients with chronic HCV GT-2, but not GT-3 infection.
Similarly, second-wave protease inhibitors, such as
simeprevir (TMC435), are active against several HCV
[91,92]
genotypes, but not GT-3
. The second generation
[93]
of NS3-4A protease inhibitors, such as MK-5172 ,
was developed to overcome the major limitations of
first-generation antiviral drugs (i.e., low barriers to
resistance, dosing, clinically challenging side-effects
[94]
and lack of pan-genotype activity) . However, these
drugs also are not effective against HCV GT-3 infection.
Therefore, despite the wide range of potent
antiviral drugs, therapies approved in the United States
and Europe for the treatment of HCV GT-3 infection
include only two pan-genotypic DAAs that target key
proteins in HCV replication: the first-generation NS5A
[95]
inhibitor daclatasvir (DCV)
and sofosbuvir (SOF), a
[96]
nucleotide analogue targeting the NS5B polymerase .
Currently, SOF is considered to be the backbone for
the treatment of HCV GT-2-4 infections. These IFNfree, all-oral treatments are attractive, especially
to avoid the many IFN-induced adverse effects.
Nevertheless, the treatment choice mainly depends on
the liver fibrosis stage and on the previous therapies.
[10]
In April 2015, the EASL Clinical Practice Guidelines

WJG|www.wjgnet.com

IFN-containing treatments

A combination of PEG-IFN once per week and daily
RBV and SOF for 12 wk can be used. Indeed, a phase
Ⅱ clinical trial on 47 HCV GT-2 or GT-3 patients
showed that this regimen gives high SVR rates in
treatment-experienced patients with HCV GT-3
infection, irrespective of their cirrhosis status, and
[97]
is well tolerated . Although not recommended yet
by the EASL in May 2015, other combinations were
recently tested in clinical trials. Notably, the treatment
duration with PEG-IFN/RBV could be reduced to 12 or
16 wk when combined with DCV in HCV GT-3- infected
[98]
patients .

IFN-free treatments

For patients for whom IFN is not an option (i.e.,
who do not have an SVR with the 24-wk PEG-IFN/
RBV treatment, and for patients with medical
contraindications), only two IFN-free regimens could
be efficient. Again, clear differences were highlighted
when HCV GT-3 and GT-2-infected patients were
compared. For instance, two randomized, phase Ⅲ
[99]
clinical trials (FUSION and POSITRON)
reported the
need to extend the duration of the SOF/RBV treatment
to 16 wk for HCV GT-3 infection, particularly in cirrhotic
or treatment-experienced patients, to obtain a high
response rate. Conversely, 12 wk were sufficient to
achieve an SVR in HCV GT-2-infected patients. In
[100]
the VALENCE study
, therapy with SOF/RBV was
extended to 24 wk for HCV GT-3-infected patients
(compared to 12 wk in HCV GT-2-infected patients),
resulting in high SVR rates. However, this combination
was suboptimal for treatment-experienced cirrhotic
patients.
The second IFN-free regimen that gives satisfying
results for GT-3 patients is the combination of
SOF and DCV for 12 wk, but only in non-cirrhotic
patients. Indeed, in the ALLY-3 phase Ⅲ clinical
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trial in treatment-naive (n = 101) or treatmentexperienced (n = 51) HCV GT-3 patients, an SVR was
achieved in 96% of patients without cirrhosis after
12 wk of well-tolerated treatment, while only 58% of
[101]
cirrhotic patients achieved an SVR
. Similar results
were reported by a French multicenter study on the
compassionate use of SOF/DCV ± RBV in patients
[102]
with HCV GT-3 . A regimen with a single tablet that
contains ledipasvir and SOF (the two first-generation
NS5A inhibitors) was recently approved in the United
States and Europe and represents a significant
[103]
advance for HCV treatment
. However, published
studies are lacking on its use for HCV GT-3 treatment.
[104]
Based on the few available data
and on the low in
[105]
vitro efficacy of ledipasvir on NS5A activity
, this
combination is not recommended yet by the EASL in
[10]
May 2015 . Among the many combinations tested
[106]
to date, Gane et al
recently reported results from
a phase Ⅱ pilot study that assessed the safety and
efficacy of RBV combined with grazoprevir and elbasvir
(two potent NS3/4 and NSA5 inhibitors, respectively)
in treatment-naive, non-cirrhotic patients with HCV
GT-3 infection. This combination was poorly efficient in
this population.
Overall, the available data suggest that subgroups
of patients infected by HCV GT-3, particularly those
with advanced liver fibrosis or a previous failure of IFNbased therapy, are more difficult to cure with the short
IFN-free regimens available in 2015. As achieving an
undetectable viral load is associated with decreased
[53]
hepatic morbidity and mortality , it is critical to
improve the treatment for these subgroups of
patients. Among the currently evaluated DAAs that are
active against GT-3, the pangenotypic NS5A inhibitor
GS-5816, combined with SOF ± RBV is a promising
[107,108]
therapeutic option
.

GENOTYPE 3 AND STUDY MODELS
Following the description of the association between
HCV GT-3 infection and lipid accumulation in the
liver in clinical studies, much effort has been made
to understand the HCV genotype-specific pathogenic
mechanisms. Detailed discussions of the different
proposed molecular mechanisms are reviewed
elsewhere and highlight the difficulties to identify
pathological hallmarks of HCV GT-3 infection both in
[109,110]
vitro and in vivo models
.
Several evidences of perturbations induced
specifically by HCV GT-3 infection, particularly the
deregulation of lipoprotein metabolism, were obtained
by analyzing liver biopsies and plasma samples from
[111-114]
chronically infected patients
. As liver damage
may be multifactorial, the major challenge in clinical
research studies is to carefully exclude patients with
risk factors for liver steatosis other than HCV (i.e.,
patients with obesity, significant alcohol intake,
diabetes, ongoing intravenous drug addiction, or use
of steatogenic drugs).
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In the last decade, it was suggested that the
viral capsid core protein has a central and genotypespecific role. However, this hypothesis remains
[109]
controversial
. Indeed, our current understanding
of HCV GT-3 effects is largely based on studies using
the human hepatoma Huh7 cell line that expresses
[114-116]
the HCV GT-1b or GT-3a core protein
. However,
these cell models do not mimic the liver physiological
reality and complexity, or the viral infection processes
and the specific intrinsic functions of other HCV GT-3
proteins.
Since 2005, a unique cell culture system based on
the HCV GT-2a clone JFH1 and chimeric constructs
allows the efficient replication of HCV and the de
[117]
novo production of viral particles in vitro (HCVcc) .
Recently, we demonstrated that in well-defined
culture conditions, adult primary human hepatocytes
(PHH), isolated from liver tissue, support the complete
infection cycle of natural HCV from patients’ serum
[118]
samples . By testing the in vitro infectivity of about
120 HCV-positive serum samples in PHH cultures,
we identified the highly infectious HCV GT-3a strain
S310. We then cloned the full-length consensus
genomic sequence of S310 and constructed a sub
genomic replicon, thus providing a new tool to study
[119]
HCV GT-3a replication in Huh-7 cells
. We also
identified critical mutations in subgenomic replicons
that strongly promote viral replication and that were
subsequently introduced in the full-length S310
[120]
HCV RNA. Kim et al
then demonstrated that fulllength S310 clones replicate efficiently and produce
infectious viral particles (HCVcc/S310) in Huh-7 cells,
thus providing an unique infectious HCV GT-3a cell
system. Interestingly, differences in HCV core protein
localization and lipid content were observed in S310
(GT-3a)-infected and JFH1 (GT-2a)-infected cells.
Moreover, the protease inhibitor telaprevir is less
effective against S310- than JFH1-infected cells, as
reported in the clinic.
Therefore, HCVcc/S310 particles represent a
promising tool to determine the precise pathogenesis
of HCV GT-3 infection and to understand the reasons of
the effectiveness variations of different antiviral drugs.
Further work is now needed to combine this HCV GT-3
strain with the most relevant host cell systems, such
[121]
as primary cells, mouse models
or systems derived
[122]
from tissue engineering .

CONCLUSION
Better understanding chronic HCV infection and the
determinants of the treatment outcome appears
nowadays as a key challenge. During the last few
years, clinical research investigated mainly the
interactions between viral and host factors, especially
in HCV GT-3 infection. This genotype is significantly
associated with severe liver disease and low response
to most of the currently approved DAAs. The asso
ciation of HCV GT-3 infection with the highest risk
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of cirrhosis and HCC underscores the medical need
for safe and effective treatment options for patients
infected by HCV with this genotype. Luckily, recent
clinical and basic research studies have been focusing
more on HCV GT-3, in order to develop new strategies
for providing timely and effective care for this highrisk population. Among the antiviral drugs under
evaluation, host-targeted antivirals, like cyclophilin
inhibitors, may be of great interest within the next few
years.
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Abstract
Matrix metalloproteinases (MMPs) are a family of
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proteases using zinc-dependent catalysis to break
down extracellular matrix (ECM) components, allowing
cell movement and tissue reorganization. Like many
other proteases, MMPs are produced as zymogens,
an inactive form, which are activated after their
release from cells. Hepatic ischemia/reperfusion (I/R)
is associated with MMP activation and release, with
profound effects on tissue integrity: their inappropriate,
prolonged or excessive expression has harmful
consequences for the liver. Kupffer cells and hepatic
stellate cells can secrete MMPs though sinusoidal
endothelial cells are a further source of MMPs. After
liver transplantation, biliary complications are mainly
attributable to cholangiocytes, which, compared with
hepatocytes, are particularly susceptible to injury and
ultimately a major cause of increased graft dysfunction
and patient morbidity. This paper focuses on liver
I/R injury and cholestasis and reviews factors and
mechanisms involved in MMP activation together with
synthetic compounds used in their regulation. In this
respect, recent data have demonstrated that the role of
MMPs during I/R may go beyond the mere destruction
of the ECM and may be much more complex than
previously thought. We thus discuss the role of MMPs
as an important factor in cholestasis associated with
I/R injury.

Core tip: Induction of matrix metalloproteinases (MMPs)
modulates the progression of liver damage such as
ischemia/reperfusion (I/R) injury and acute allograft
rejection. The high incidence of biliary complications,
after liver transplantation, is due to a cascade of events
leading to biliary lesions to which cholangiocytes are
particularly susceptible. This paper, while focusing
on liver I/R and cholestasis, reviews factors and
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mechanisms implicated in MMP activation/regulation
together with the role of MMPs in biliary complications
following I/R injury. Recent data support the view that
MMPs play a dual role, both good and bad, in liver I/R
depending on the length of time after damage.
Palladini G, Ferrigno A, Richelmi P, Perlini S, Vairetti M. Role
of matrix metalloproteinases in cholestasis and hepatic ischemia/
reperfusion injury: A review. World J Gastroenterol 2015;
21(42): 12114-12124 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/12114.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.12114

MATRIX METALLOPROTEINASES AND
LIVER
Liver fibrosis arises from chronic damage to the liver
associated with the over-accumulation of extracellular
matrix (ECM) proteins, a characteristic of most types
[1]
of chronic hepatic diseases including: cholestatic
liver diseases; primary biliary cirrhosis and secondary
biliary cirrhosis; hepatotoxic diseases such as hepatitis
B virus (HBV), hepatitis C virus (HCV), alcoholic liver
disease (ALD), and non-alcoholic steatohepatitis
[2]
(NASH) .
Advanced liver fibrosis disrupts the liver’s normal
architecture; hepatocytes are replaced with abundant
ECM causing hepatocellular dysfunction and portal
hypertension. Hepatic stellate cells (HSCs) are a major
[3]
fibrogenic cell type in the liver . Following liver injury,
HSCs undergo an activation process and change their
phenotype from quiescent retinoid storing HSCs to
collagen-producing and contractile myofibroblast-like
[4]
cells . Activated HSCs migrate and accumulate at the
sites of tissue repair, secreting large amounts of ECM
and regulating ECM degradation.
While the classic liver injury paradigm asserts that
HSCs produce, remodel and turn over abnormal ECMs
of fibrosis via MMPs, a recent paper by Calabro et
[5]
al has shown that MMPs are also secreted by other
intrahepatic cell populations including hepatocytes.
Major changes in both quantity and composition of
[6]
ECMs and excessive ECM remodeling arises from a
balance between increased synthesis and decreased
[7]
degradation . One class of zinc and calcium-dependent
endopeptidases - matrix metalloproteinases (MMPs)
and their tissue inhibitors (TIMPs) - plays a major
[8]
role in the ECM remodeling . Analysis of human and
experimental animal fibrotic liver demonstrates an
increase in a number of MMPs with a wide activity
spectrum. Like many other proteases, MMPs are
produced by activation of zymogens, which are
[9-11]
released from cells
. Several different kinds of MMP
have been identified (Table 1). Most of them can act on
different collagen types, fibronectin, laminin, elastin,
proteoglycans, and surface molecules such as growth
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factors or selectins.
MMP activity is regulated at three levels: gene
transcription; posttranslational activation of zymogens,
and interactions of secreted MMPs with specific
[12]
inhibitors TIMP . However, specific MMP inhibitors
do not simply block protease activity but, on the
contrary, the role of TIMPs is to modulate MMP
functioning. Different protease activation occurs as
[13]
a response to liver injury . Usually, while injured
cells release proteases, healthy cells release TIMPs;
put another way, inhibitors are secreted by the cells
[14-17]
surrounding these producing proteases
. Thus,
high level of TIMPs occur simultaneously to an increase
in proteases; in other words, both proteases and
inhibitors could be produced by the same cell type at
[13]
the same time . TIMP concentrations and MMP/TIMP
ratios are critical in this respect: a high MMP/TIMP ratio
activate MMPs, while a low MMP/TIMP ratio lead to the
[18]
opposite effect .
The uncontrolled ECM remodeling plays a central
[1,7]
role in pathological changes leading to fibrosis .
A change in quality and quantity of matrix proteins
occurs during fibrogenesis, resulting in excessive
accumulation of fibrous tissue and an increase in ECM
[19]
density (Figure 1).
Several animal models of liver fibrosis have been
developed, each of these with its strengths and
[20]
weaknesses . Bile duct ligation (BDL) has been
used as an experimental model for chronic liver injury
because of its closeness to hepatocyte damage,
hepatic stem cell activation and the liver fibrosis found
[21]
in human cholestatic liver disease .
The present study reviews and discusses the
published articles searched on PubMed, MEDLINE,
Google Scholar, and Google databases using specific
keywords to identify articles related to MMPs in
cholestasis and I/R injury. These keywords were “liver”
and “MMPs,” “cholestasis” and “ischemia/reperfusion”.
The search included letters to the editor, case
reports, review articles, original articles, and meeting
presentations published in the English-language
literature from January 2000 to February 2015.

MMPs AND LIVER I/R
During liver resection, transplantation and trauma a
prolonged oxygen deficiency is observed; the following
oxygen restoration always induces reperfusion injury.
In particular, the sequence of events that occurs
during I/R injury is represented by an early increase
in oxidative stress, liver sinusoidal endothelial cell
damage, Kupffer cell activation and further release
of reactive oxygen species, all of which in turn leads
[22]
to marked tissue damage and liver remodeling .
MMPs are enzymes primarily involved in connective
tissue remodeling; their inappropriate, prolonged or
[23]
excessive expression has harmful consequences .
I/R is associated with gene expression, activation
and release of MMPs, which have profound effects
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Table 1 Classification and characteristics of the main matrix metalloproteinases
MMP (class and number)
Collagenases
MMP-1
MMP-8
MMP-13
Gelatinases
MMP-2
MMP-9
Stromelysins
MMP-3
MMP-10
MMP-11
Membrane type
MMP-14
MMP-15
MMP-16
MMP-17
MMP-24
MMP-25
Others
MMP-7
MMP-12
MMP-19
MMP-20
MMP-23A
MMP-23B
MMP-26
MMP-27
MMP-28

Name

Extracellular Matrix substrate

Collagenase 1
Collagenase 2
Collagenase 3

Collagen Ⅰ, Ⅱ, Ⅲ, Ⅶ, Ⅷ and Ⅹ, gelatin, proteoglycans, tenascin, entactin
Collagen Ⅰ, Ⅱ, Ⅲ, V, Ⅷ and Ⅹ, gelatin, aggrecan
Collagen Ⅰ, Ⅱ, Ⅲ, Ⅳ, Ⅸ and Ⅹ, fibronectin, gelatin, tenascin, aggrecan, osteonectin

Gelatinase A

Collagen Ⅰ, Ⅳ, V, Ⅶ, Ⅸ and Ⅹ, gelatin, proteoglycans, elastin, fibronectin, laminin, aggrecan, versican,
osteonectin
Collagen Ⅳ, V, Ⅶ, Ⅹ and ⅩⅣ, gelatin, proteoglycans, elastin, aggrecan, versican, osteonectin

Gelatinase B

Stromelysins 1 Collagen Ⅲ, Ⅳ, V, and Ⅸ, gelatin, proteoglycans, tenascin, fibronectin, laminin, aggrecan, versican, osteonectin
Stromelysins 2
Collagen Ⅲ, Ⅳ and V, gelatin, proteoglycans, aggrecan, elastin, casein
Stromelysins 3
Collagen Ⅳ, fibronectin, laminin, gelatin, transferrin
MT1-MMP
MT2-MMP
MT3-MMP
MT4-MMP
MT5-MMP
MT6-MMP

Collagen Ⅰ, Ⅱ and Ⅲ, fibronectin, vitronectin, tenascin, laminin, proteoglycans, aggrecan, elastin, casein,
entactin
Fibronectin, tenascin, laminin
Collagen Ⅲ, fibronectin, casein, gelatin
ND
Activator of proMMP-2
Collagen Ⅳ, fibronectin, gelatin, fibrinogen

ND
Enamelysin
MMP-21
MMP-22
Matrilysin 2
ND
Epilysin

Collagen Ⅳ and Ⅹ, gelatin, proteoglycans, tenascin, fibronectin, laminin, aggrecan, osteonectin, entactin,
casein, tranferrin, integrin b4
Collagen Ⅳ, gelatin, proteoglycans, fibronectin, laminin, entactin, casein, vibronectin, elastin
Aggrecan, cartilage oligomeric matrix protein (COMP)
Amelogenin
ND
ND
Collagen Ⅳ, fibronectin, casein, fibrinogen
ND
Casein

ND: Not Determined; MMP: Matrix metalloproteinase.

[22,24]

on tissue integrity
(Figure 2). A main role seems
to be played by MMP-2 (gelatinase A; EC 3.4.24.24)
and MMP-9 (gelatinase B; EC 3.4.24.35). These two
gelatinases are the two main components of the
[25]
space of Disse
and they are critically involved in
[26]
the degradation of collagen Ⅳ and fibronectin .
Hence, increased activity of these MMPs may cause
liver injury, with alterations of the sinusoidal cells and
remodeling of the stromal structure. Already in 1997,
[27]
Upadhya et al
demonstrated that MMP content,
following release of MMP-2 and MMP-9 during cold
preservation using rat and human liver perfusates,
was dependent on the length of cold storage. Other
data have since confirmed and extended the role of
MMPs in hepatocyte cell death after prolonged cold
[28]
storage and subsequent reperfusion : the protective
effects obtained using MMP inhibitors led the authors
to suggest their addition to the liver preservation
[28]
solution (Table 2).
I/R injury is also typical of other pathological
conditions in which the ischemic phase takes place
under normothermic conditions. In particular, increased
liver MMP-9 expression has been reported after
[29]
normothermic I/R injury . Moreover, serum MMP-9
has been found to be associated with the progression
[30]
of liver damage in I/R injury , acute allograft
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[31]

[32]

rejection and chronic viral hepatitis . Some reports
have suggested that specific MMP inhibitors decrease
liver injury after normothermic ischemia associated
with a concomitant reduction in inflammatory cytokine
[24,33]
release
(Table 2). Other evidence has suggested
that targeting MMP-9, using an anti-MMP neutralizing
monoclonal antibody, leads to protection against
damage after warm liver I/R; this approach appears
[23]
to be more effective than using MMP inhibitors
(Table 2). Furthermore, experimental data suggest
that MMP inhibition might be a promising approach in
the context of pharmacological strategies designed to
limit post-ischemic hepatic damage both in whole liver
transplantation and in acute “small-for-size” liver graft
[34]
injury .
That MMPs are secreted by Kupffer cells and
hepatic stellate cells (HSCs) is a well-established
[35]
fact . MMP-9 are predominantly expressed in Kupffer
cells, MMP-2 in HSC while MMP-3 and MMP-10 in
hepatic stellate cells as well. Membrane type-1 MMP is
found in significant amount in all liver cells.
However, another source of MMPs in the rat liver are
[36]
sinusoidal the endothelial cells (SECs) . In particular,
the ability of HSCs to produce significant amounts of
matrix degrading enzymes and their inhibitors has
[37]
been demonstrated by Knittel et al . In addition,
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Liver injury

Kupffer cell
T cell
Hepatocytes

IL-6, TGF-β1,
TNF-α, IGF

TGF-β1, TNF-α
EGF, IGF

IL-6, INF-γ

Quiescent HSC

Activated HSC

MMP-9
CTGF, TGF-β1, MMP-2
TIMP-1, TIMP-3, plasmin

Activation

MMPs

ECM remodeling

ECM synthesis

Figure 1 Mechanisms of hepatic fibrogenesis. IL-6: Interleukin-6; INF-γ: Interferon-γ; TGF-β1: Transforming growth factor-β1; EGF: Epidermal growth factor;
IGF: Insulin-like growth factor; TNF-α: Tumor necrosis factor-α; HSC: Hepatic stellate cell; CTGF: Connective tissue growth factor; TIMP-1: Tissue inhibitor of
metalloproteinase Type1; TIMP-3: Tissue inhibitor of metalloproteinase Type3; MMPs: Matrix metalloproteinases; ECM: Extracellular matrix.

Gene expression (A.U.)

MMP-3
MMP-9
MMP-13

0

MMP-2
MMP-11
MMP-12
MMP-14
TIMP-1
TIMP-2

Pro-inflammatory 2
cytokines

4

6

Days after I/R

Figure 2 Time-course of matrix metalloproteinase expression following
ischemia/reperfusion injury. In response to injury, pro-inflammatory cytokines,
which promptly increase, induce expression of matrix metalloproteinases
(MMPs) expression by hepatic cells including hepatic stellate cells (HSCs). The
MMPs secreted by HSCs degrade the normal extracellular matrix (ECM) in the
space of Disse.
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hepatic MMPs, released from isolated rat SECs after
preservation in cold Euro-Collins and UW solutions,
increase as the length of time associated with cold
[27]
[23]
preservation increases . Hamada et al have shown
that MMP-9 expressed by leukocytes is also a key
factor in cell transmigration and activation leading
to liver injury. MMP-2 and MMP-9 are expressed not
just in nonparenchymal liver cells but also in different
subsets of leukocytes (T cells, neutrophils, monocytes,
[26]
macrophages) .
Interestingly, recent data have demonstrated that
the role of MMPs during I/R might be more complex
than the mere destruction of the ECM or leucocyte
[38]
recruitment to hepatic parenchyma : the results have
demonstrated that, although liver injury decreases in
MMP-9-/- mice at 24 h after reperfusion, liver recovery
after 72 h of reperfusion was significantly delayed in
[38,39]
MMP-9-/- mice when compared with WT mice
.
Thus, MMP-9 seems to play a dual role in liver I/R
injury that varies with reperfusion times.
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Table 2 Synthetic compounds involved in matrix metalloproteinase regulation
Compounds

Mechanism involved

MMPs involved

I/R model

Ref.

MMP-2
MMP-9

Steatotic orthotopic liver transplant

Tiriveedhi et al[45],
Transpl Immunol 2014

MMP-9

Hypoxic
HepG2 cells

Kuo et al[90],
Int J Imm Pharm 2013

MMP-9
MT-1-MMP/
MMP-14
MMP-9

Cold ischemia

Duarte et al[91],
Am J Transpl 2012

Acute small-for-size liver graft

Ma et al[34], Am J Transpl 2010

MMP-9

Steatotic
Cold ischemia
Warm ischemia

Inhibitory effects on MMP activity

MMPs

Cold ischemia

Decrease in expression of TNF-α, IL-2
and IFN-γ
Blocks FN α4β1 integrin and its FN
ligand
Reduction in TNF-α, IL-1β

MMP-9

Warm ischemia

MMP-9

Steatotic orthotopic liver transplant

Fondevila et al[92],
Am J Transpl 2009
Hamada et al[46],
Am J Pathol 2009
Defamie et al[28],
Hepatology 2008
Hamada et al[23],
Hepatology 2008
Moore et al[29], Am J Pathol 2007

Warm ischemia

Reduction in free radicals

MMP-2 and
MMP-9
MMP-9

Prostaglandin PGE(1) protection
Protects from necrosis/apoptosis

MMP-2
MMP-3-9-11-13

Cold ischemia
Warm ischemia

Bortezomib

Downregulation of pro-inflammatory
(IL-1β, TNF-α and IFN-γ) and profibrotic (VEGF, TGF-β, HGF, bFGF)
factors
KMUP-1
Protects from apoptosis-associated
(NO-donor)
free radical generation and proinflammation
CS-1 peptide
Blocks fibronectin α4β1 and decreases
the release of pro-inflammatory
mediators
CTT peptide
Reduction in TNF-α, IL-1, IL-2 and
IFN-γ
Cyclic RGD peptide Depresses inflammatory mediators
(IFN-γ)
ONO-1714
iNOS inhibitor
RXP409
Anti-MMP-9
CS-1 peptide
ONO-4817
NAC
BB3103
RXPO3

MMP-9

Warm ischemia

Shirahane et al[33],
Surgery 2006
Chen et al[93],
Transpl Proc 2005
Yang et al[94], Microvasc Res 2002
Cursio et al[24], FASEB J 2002

MMP: Matrix metalloproteinase; CS-1: Connecting segment-1; FN: Fibronectin; TNF-α: Tumor necrosis factor; TGF-β: Transforming growth factor β; IFN:
Interferon; iNOS: Inducible nitric oxide synthase; IL: Interleukin.

Pro-inflammation mediators and
MMPs in I/R
MMP expression and activity in liver I/R injury are
topics under continuous development as are the
factors involved in their activation. The mechanisms
of I/R-induced liver injury include sequestration of
inflammatory cells in the liver which causes oxygen
[40]
radicals, nitric oxide (NO) and TNF-α to rise sharply .
In particular, research into the activation of Kupffer
cells in I/R injury, which induces the production of
proinflammatory cytokines including TNF-α and
interleukin-1β (IL-1β), has led to an elucidation of the
regulatory activity of cytokines on MMP expression
and further suggested distinct roles for TNF-α and
[41,42]
TGF-β1
; the early matrix degradation following
liver damage may be enhanced by TNF-α, whereas the
reduced matrix degradation observed during chronic
tissue injury may be due to the TIMP-mediated action
of TGF-β1 (Table 3). We recently demonstrated that the
release of TNF-α, which occurs during the early stage
of reperfusion after partial hepatic I/R injury, is related
to an increase of MMP activity both in the ischemic
[43]
region and in the non-ischemic lobe . Furthermore,
the increase in serum TNF-α after hepatic I/R is also
correlated with MMP activation in the lung, a distant
[44]
organ .
Other evidence has also shown that MMP expression
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by HSCs is regulated in a cytokine-specific pattern.
Since TNF-α causes a marked stimulation of MMPs,
it may well be that TNF-α and HSC are involved in
initial matrix breakdown after liver injury. This initial
matrix breakdown may be essential for early tissue
repair reactions triggered by tissue inflammation when
[42]
acute hepatic damage occurs . Moreover, other data
suggest that inflammatory cytokines such as TNF-α
have a role in ECM degradation after liver I/R injury
and that hepatic TNF-α expression runs parallel to MMP
[26]
induction .
Recently, using an orthotropic liver transplant
model in Zucker-obese rats, the administration of the
proteosomal inhibitor, bortezomib, was shown to inhibit
MMP activation and reduce serum proinflammatory
[45]
cytokines including TNF-α and IL-1β (Table 2).
Significantly, some experiments have also been
performed to test the role of inducible nitric oxide
synthase (iNOS) expression on the modulation of
MMP-9 activity in hepatic I/R injury. Using both mice
lacking the gene encoding for iNOS and mice treated
with a selective iNOS inhibitor, the authors concluded
that MMP-9 activity was induced by iNOS-derived NO
and that this also led to detachment of hepatocytes
from the ECM and cell death, in addition to increasing
[46]
leukocyte migration through ECM barriers (Table 3).
Fibronectin (FN) is involved in leukocyte adhesion,
[47]
migration and activation. Amersi et al
reported
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Table 3 Endogenous factors associated with matrix metalloproteinase modulation
Factors

MMPs Involved

I/R Model

Ref.

FN-α-β1

MMP-9
MT1-MMP/MMP-14

Cold ischemia

Tenascin-C
iNOS
TNF-α

MMP-9
MMP-9
MMP-2 and MMP-9

Warm ischemia
Warm ischemia
Warm ischemia

IL-1β
IL-6
IFNα-2a
CD62
Plasmin
TGF-β

MMP-2 and MMP-9
MMP-9
MMP-2 and MMP-9
MMP-2 and MMP-9
MMP-9
MMP-9
MMP-13
MMP-2 and MMP-9

Warm ischemia
Warm ischemia
Cholestasis
Warm ischemia
Cholestasis
Warm ischemia
Cholestasis
Warm ischemia

Duarte et al[91], Am J Transpl 2012
Coito[48], Curr Opin Organ Transplant 2011
Moore et al[29], Am J Pathol 2007
Fondevilla et al[95], Transplant Proc 2005
Amersi et al[47], Am J Pathol 2003
Kuriyama et al[96], Hepatology 2011
Hamada et al[46], Am J Pathol 2009
Feng et al[39], J Surg Res 2013
Palladini et al[43], Toxicol and Pathol 2012
Khandoga et al[26], J Leukoc Biol 2006
Chen et al[93], Transplant Proc 2005
Shirahane et al[33], Surgery 2006
Hamada et al[46], Am J Pathol 2009
Bueno et al[54], J Hepatol 2000
Khandoga et al[26], J Leukoc Biol 2006
Martínez-Rizo et al[97], Liver Int 2010
Feng et al[39], J Surg Res 2013
Aldaba-Muruato et al[98], Can J Physiol Pharmacol 2012
Feng et al[99], Int Immunopharmacol 2012

IL-10

MMP: Matrix metalloproteinase; TNF-α: Tumor necrosis factor; iNOS: Inducible nitric oxide synthase; IL: Interleukin; IFNα-2a: Interferon α- 2a; TGF-β:
Transforming growth factor β; FN: Fibronectin.

that blocking the interaction between FN and the
integrin α4β1, the integrin receptors expressed on
leukocytes, led to improved liver function in steatotic
liver transplantation. Based on this evidence, they
demonstrated that this is linked to a reduction
in MMP-9 expression/activation on leukocytes of
[29]
steatotic liver grafts . MMP-9 expression during
hepatic I/R was shown to be associated with massive
leucocyte infiltration, extensive FN deposition and
proinflammatory release, thus emerging as an
important mediator of leukocyte traffic in liver I/R
[48]
injury (Table 3).
All this shows that numerous and rather complex
mechanisms affect MMP modulation: for a list of
endogenous compounds involved in MMP regulation
see Table 3.

CHOLESTASIS AND MMPs
Biliary obstruction leads to a cholestatic inflammatory
and fibrogenic process. Current evidence indicates
that MMPs are of central importance for cholestatisinduced fibrosis but only limited evidence is currently
available on their precise cellular origin and regulation
within the damaged liver. Some authors have shown
that marked alterations in the expression of MMPs and
their inhibitors take place within the first week after
[49,50]
BDL
. Specifically, they found that the proteolytic
activities of MMP-2 and MMP-9 increased 2 d after
BDL, peaked at day 10, and remained high throughout
[49]
the study period . The increase in gelatinase
activities was accompanied by an increase in TIMP
mRNA transcripts while no corresponding increase in
TIMP protein activity was detected. This appears to
arise from the formation of TIMP/MMP complexes.
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These findings suggest that complex changes in the
local MMP/TIMP balance may underlie the pathological
mechanisms of BDL fibrosis.
More recent publications support the view that
analysis of the MMP activation not just 1-2 wk after
BDL but even a few days after occlusion has a crucial
[51]
[50]
role to play . Ferrigno et al
have reported a
marked alteration in gelatinase activity after BDL
showing that this increase takes place in the first few
days after BDL mainly in the right lobe. They also
observed an increase in MMP-2 and MMP-9 that occurs
significantly in the right lobe, more than in the median
lobe and left lobe.
Although liver fibrosis has long been considered
irreversible, recent studies suggest potential reversi
bility of liver fibrosis once the pathological trigger is
[52]
removed . Studies in patients with chronic hepatitis
successfully treated with antivirals suggest recover
[53]
even in cirrhotic patients . In experimental models,
reversibility of liver fibrosis depends on the degree of
pre-established fibrosis. In an experimental model
of cholestasis-induced fibrosis, MMP activity was
upregulated in bile duct ligated rats treated with IFNα2a. Bile duct ligation, itself, promoted MMP activity in
both liver tissue and NPCs (non parenchymal cells)
[54]
isolated from the same tissue .
[55]
In an elegant study, Popov et al
have shown
that macrophages upregulate MMPs and become
fibrolytic effector cells on apoptotic cholangiocyte
engulfment in vitro, suggesting that phagocytosisassociated MMP induction in macrophages contributes
significantly to biliary fibrosis reversal. A relevant
finding of this study is the description of the subset
of MMPs differentially regulated at the peak of matrix
remodeling and degradation. In their study, the study
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of expression patterns during biliary fibrosis reversal
in vivo suggested that MMPs, with the exception of
[56]
MMP-2, that have a profibrogenic role , and MMP-13,
that could be involved in removal of the fibrotic matrix.

Pro-inflammation mediators and
MMPs in cholestasis
During cholestasis a marked increase in liver and
serum bile acid levels occurs, leading to acute liver
toxicity, bile duct cells proliferation, and fibrosis
[57-59]
progressing to cirrhosis
. However, the molecular
mechanisms of liver injury induced by obstructive
cholestasis remain unclear. Previous research has
suggested a predominant hypothesis: inflammatory
cell-mediated liver necrosis, and not bile acid-induced
apoptosis, may be directly involved in cholestatic liver
[60]
[61]
damage . However, a recent study
indicates that
bile acid composition between humans and rodents
is different and that mechanisms of cholestasis in
humans are different from rodent models.
In humans, during obstructive cholestasis, bile
leaking back into the parenchyma can cause direct
bile acid-induced necrosis, which, through release of
damage-associated molecular patterns can initiate an
inflammatory response.
Neutrophil accumulation has been directly imp
licated in the pathogenesis of early cholestatic liver
[62,63]
injury
. After obstruction of the bile duct, an intense
[64]
increase in biliary ductal pressure is produced
and
[65]
this is quickly followed by ECM changes .
The accumulation of toxic bile acids induces hepatocyte
[66]
injury, in part by activating death receptors . This
event triggers a secondary phase in which infiltration
of inflammatory cells, activation of Kupffer cells
and transformation of stellate cells to activated
myofibroblasts occur, along with a MMPs-induced
remodeling of the ECM. This structural hepatic changes
further promotes liver injury and enhances hepatocyte
[67]
apoptosis .
[68]
An increase in myeloperoxidase activity
and
the formation of intracellular chlorotyrosine adduct
[62,63]
in hepatocytes
are associated with neutrophil
accumulation after bile duct ligation. The neutrophilderived hypochlorous acid can induce liver injury by
[69]
intracellular oxidative stress , prevented by inhibition
of NADPH oxidase that protects against neutrophil
[70,71]
cytotoxicity
. Furthermore, Nox1 and Nox2, hepatic
NADPH oxidases respectively located in hepatic stellate
cells and Kupffer cells, participate to BDL-induced
[72,73]
fibrosis
, though their role to the early liver injury
[74]
has not yet been defined. Yang et al
suggest that
the neutrophil-mediated liver injury is induced by
MMP-induced cleavage of osteopontin (OPN), acting
as an early pro-inflammatory signal after BDL in mice.
In the cleavage of OPN into its pro-inflammatory
[75]
form, MMP-3 and MMP-7 have a prominent role .
[74]
Yang et al
also reported that BDL induces MMP-3
early in the liver and, in addition, MMP-2, -3 and -9
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activities increase in bile. Thus, probably, MMP-3 and
other MMPs released into bile, activate OPN as potent
chemoattractant for neutrophils. It is well known that
MMPs are also involved in the modulation of cytokine
and chemokine activity. MMPs can both generate
chemotactic gradients by activating chemokines and
cytokines, and inactivate these pro-inflammatory
[76]
mediators . The obstruction of the bile duct, induces
an increase in biliary duct pressure, injuring the biliary
epithelial cells. OPN and MMPs are released into
bile and MMPs activates OPN, producing the factors
attracting neutrophils. The high pressure in the biliary
system occurring in BDL, provokes ruptures in the
Canals of Hering. This process results in infiltration of
[77]
bile into the parenchyma
and is facilitated by the
expression on hepatocytes of intercellular adhesion
molecule-1 (ICAM-1), induced by bile acids (BAs) into
the parenchyma.

Biliary complication during
ischemia/reperfusion injury
The development of biliary complications after liver
transplantation is a major clinical problem, due to its
relatively high frequency, complications, morbidity
and even mortality. The formation of strictures in the
liver bile ducts is accompanied by tissue remodeling in
which MMP-2 and MMP-9 are considered to play a key
role in connective tissue remodeling processes in the
liver. The mechanisms by which ischemia/reperfusion
(I/R) lead to liver injury are complex and multifactorial;
these events also involve profound changes in MMP
[24]
expression . Based on the above considerations,
further evaluation of a possible link between MMP-2
and 9 gene polymorphisms and non-anastomotic biliary
strictures after liver transplantation might help explain
[78]
[78]
MMP involvement . Ten Hove et al have shown that
MMP-2 polymorphism is significantly associated with
biliary strictures: genetically determined reduced
MMP-2 tissue remodeling contributes to the develop
ment of biliary complications.
Reperfusion of liver grafts after cold preservation
is associated with diminished bile production both in
clinical liver transplantation and experimental models.
Indeed, biliary complications represent a major
surgical problem with an incidence of up to 30%
[79-81]
after liver transplantation
. Cholangiocytes play a
substantial role in the damage caused by preservation
in hypothermic conditions: compared to hepatocytes
and Kupffer cells, they are particularly susceptible
to injury, and, in particular, to injury induced by cold
[82]
hypoxia . Hence, biliary strictures that occur after
transplantation often require endoscopic, radiological
[83-85]
and surgical procedures
designed to avoid graft
dysfunction and/or re-transplantation.
Post-transplant biliary complications are usually
classified into two types: (1) anastomotic strictures
and (2) non-anastomotic strictures. Anastomotic
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strictures of the biliary tree are located where bile duct
anastomosis occurred and are generally well treated
[86]
by stent placement . Their incidence is between 5%
[82]
and 10% . Non-anastomotic strictures may be either
extrahepatic (Type Ⅰ) or intrahepatic (Type Ⅱ). Arising
from hepatic artery thrombosis, stenosis or ischemic
cholangiopathy, they account for 10%-25% of stricture
[82]
complications after liver transplantation . In addition,
ischemic cholangiopathy seems to be associated with
prolonged periods of cold ischemic storage, delayed
arterization of the graft or transplant from a donor
after cardiac death (DCD) indicating that I/R injuries
[82]
play a key pathogenetic role .
Clinical evaluation of biliary complications after
liver transplantation has shown that a storage time
of over 10-12 h leads to biliary strictures and other
complications in more than 25% of liver transplant
[87]
recipients : a retrospective review of liver transplant
patients demonstrated that liver grafts procured from
DCDs showed a higher re-transplantation rate due to
ischemic tract biliary lesions combined with severe
[88]
intrahepatic cholestasis . A meta-analysis and metaregression of outcomes including biliary complications
in donation after cardiac death liver transplantation
published in 2014 confirmed and extended the finding
that an increase in biliary complications, graft loss and
[89]
mortality occurs with DCD liver transplantation .
Nevertheless the use of these organs needs to be
balanced against the risk of recipients dying while on
[89]
the waiting list .

CONCLUSION
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in many cases. It is characterized by an acute
deterioration of liver function in the background of a
pre-existing chronic liver disease often associated with
a high short-term mortality rate. Organ failure (OF) is
always associated, and plays a key role in determining
the course, and the outcome of the disease. The
definition of ACLF remains controversial due to its
overall ambiguity, with several disparate criteria among
various associations dedicated to the study of liver
diseases. Although the precise pathogenesis needs to
be clarified, it appears that an altered host response to
injury might be a contributing factor caused by immune
dysfunction, ultimately leading to a pro-inflammatory
status, and eventually to OF. The PIRO concept
(Predisposition, Insult, Response and Organ Failure)
has been proposed to better approach the underlying
mechanisms. It is accepted that ACLF is a different
and specific form of liver failure, where a precipitating
event is always involved, even though it cannot always
be ascertained. According to several studies, infections
and active alcoholism often trigger ACLF. Viral hepatitis,
gastrointestinal haemorrhage, or drug induced liver
injury, which can also provoke the syndrome. This
review mainly focuses on the physiopathology and
prognostic aspects. We believe these features are
essential to further understanding and providing the
rationale for improveddisease management strategies.
Key words: Acute on-chronic liver failure; Immune
dysfunction; Systemic inflammatory response; Hepatic
encephalopathy; Hepatorenal syndrome; Acute
decompensation of cirrhosis; Liver failure; Organ
failure; Severity score; Chronic liver failure-sequential
organ failure assessment
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Abstract
Acute-on-chronic liver failure (ACLF) is increasingly
recognized as a complex syndrome that is reversible
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Core tip: Acute on-chronic liver failure is a newly
recognized syndrome characterized by acute deterioration
of a compensated or decompensated chronic liver
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disease, leading to organ failure, and a mortality rate
≥ 15% at 28-d. Pathogenesis involves an exaggerated
systemic inflammatory response in the setting of
immune dysregulation and oxidative stress. Alcohol is a
frequent precipitating factor seen most commonly in the
West, and untreated hepatitis B virus infection is more
prevalently seen in the East. However, it must be noted,
that specific precipitant factors cannot be established in
up to the 40% of cases. Recent prospective work has
generated data on definition, prevalence, precipitating
factors and scoring systems. Treatment of precipitant
factors, complications, organ failure support, and liver
transplantation are the current therapeutic options.

multicenter study in patients with cirrhosis suffering
from acute decompensation (AD). The study identified
patients with cirrhosis at a high risk of short term
mortality. The study also aimed to develop a definition
of ACLF. This large study was called EASL-CLIF Acute[12]
on-Chronic Liver Failure in Cirrhosis (CANONIC) .
Based on data analysis obtained from 1343 hospi
talized patients with cirrhosis and AD, at 29 liver
units in 8 European countries this study established
diagnostic criteria for ACLF. This study also permitted
to know prevalence, precipitating factors, pathogenic
mechanism and the phenotypic features of patients
with ACLF.

Blasco-Algora S, Masegosa-Ataz J, Gutiérrez-García ML,
Alonso-López S, Fernández-Rodríguez CM. Acute-on-chronic
liver failure: Pathogenesis, prognostic factors and management.
World J Gastroenterol 2015; 21(42): 12125-12140 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i42/12125.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i42.12125

DIAGNOSTIC CRITERIA OF ACLF

INTRODUCTION
In recent years, a new clinical form of liver failure
has been recognised. Traditionally there were two
types of liver failure: Acute liver failure (ALF), a rapid
deterioration of the liver function in the absence of preexisting liver disease, in the setting of an acute hepatic
insult and chronic liver failure (CLF), a progressive
and slow deterioration over the course of pre-existing
[1-4]
end-stage liver disease . In 1995, a third type of
[5]
liver failure was first described : Acute-on-chronic
liver failure (ACLF). This new entity is characterised
by acute complications of compensated or even
decompensated cirrhosis and is characterised by a
high rate of organ/system failure(s), and a high shortterm mortality rate (> 15% at 28-d). Over the last
decade, many definitions have been proposed, based
on expert’s opinion rather than on evidence-based
data. The heterogeneity of definitions illustrates the
differences in underlying aetiologies of liver disease
[6-9]
between Eastern and Western countries . The Asian
Pacific Association for the Study of the Liver (APASL)
defines ACLF as an “Acute hepatic insult manifesting
as jaundice and coagulopathy, complicated within
4 wk by ascites and/or encephalopathy in a patient
with previously diagnosed or undiagnosed chronic
[10]
liver disease” . Whereas, the American Association
for the Study of Liver Disease (AASLD)/as well as the
European Association for the Study of the Liver (EASL)
consensus defines it as: “Acute deterioration of preexisting, chronic liver disease (CLD), usually related
to a precipitating event and associated with increased
[6,11]
mortality at 3 mo due to multi-system organ failure”
.
Given the lack of consensus among researchers, a
group of investigators from the EASL-Chronic Liver
Failure (CLIF) Consortium, undertook a prospective
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In the CANONIC study, the overall prevalence of ACLF
was 30.9%. The definition of the ACLF diagnostic
criteria was based on the presence of the 3 key
characteristics of the syndrome: (1) AD: defined by
acute development of large volume ascites, hepatic
encephalopathy (HE), gastrointestinal haemorrhage,
bacterial infections, or a combination of any of
[4,13-16]
these
. In other words, the acute development
of at least one of these major complications of liver
disease must be present; (2) organ Failure: defined
by a modified SOFA scale (Sequential Organ Failure
Assessment) the CLIF-SOFA scale that takes into
[17-21]
account some specificities of cirrhosis (Table 1)
;
[12]
and (3) short-term mortality (28-d) at least 15% .
According to these characteristics, patients admitted
to the hospital for an AD can be classified into 4 groups
(Table 2). However, the majority of the patients did
not have ACLF (77.5%). The Figure 1 summarizes the
mortality rate according to the ACLF subtype.

PATHOPHYSIOLOGY
PIRO concept (predisposition, injury, response and
organ failure)

The PIRO model is a useful approach in understanding
the clinical sequence of the ACLF. It also consists of a
scoring system that classifies severity, estimates risk,
stratification, and prognosis in critically ill patients.
Initially postulated in 1900, and later modeled by
[22]
[23]
Marshall et al
and Levy et al
the PIRO score was
designed originally to measure the clinical features and
outcomes in sepsis. The PIRO concept arises from the
comprehensive examination of ACLF as a severe liver
dysfunction, linked to other organs failure, as a strong
and characteristic response to an insult that might
be identified as an aggression within an underlying
[22]
CLD that predisposes the whole situation . It is
proposed that organ dysfunction is the most predictive
item among the four PIRO factors as it predicts 28-d
[24]
mortality and multiple organ dysfunction . Taking
into account the great capacity of this concept to
summarize and breakdown the physiopathology of
ACLF, it has been proposed to also explain the cascade
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Table 1 Chronic liver failure-sequential organ failure assessment score
Organ failure
Liver (Tbil, mg/L)
Kidney (cr, mg/dl)
Cerebral (HE grade)
Coagulation (INR)
Circulation (MAP, mmHg)
Lung PaO2/FiO2
Or SpO2/FiO2

0

1

2

3

4

< 1.2
< 1.2

≥ 1.2 to < 2.0

≥ 2.0 to < 6.0

≥ 6.0 to < 12

≥ 12.0

≥ 1.2 to < 2.0

≥ 2.0 to < 3.5

≥ 6.0 to < 12
Or use of renal replacement therapy

≥ 5.0

No HE
< 1.1
≥ 70

Ⅰ

Ⅱ

Ⅲ

Ⅳ

≥ 1.1 to < 1.25

≥ 1.25 to < 1.5

≥ 1.5 to < 2.5

≥ 2.5 or PLT ≤ 20 × 10 /L

< 70

> 400
> 512

> 300 to ≤ 400
> 357 to ≤ 512

DA ≤ 5 or DOB or
Terlipressin
> 200 to ≤ 300
> 214 to ≤ 357

9

DA > 5 or E ≤ 0.1 or NE ≤ 0.1 DA > 15 or E 0.1 or NE > 0.1
> 100 to ≤ 200
> 89 to ≤ 214

≤ 100
≤ 89

This score is used to categorize patients into grades of ACLF. ACLF: Acute-on-chronic liver failure; CLIF: Chronic liver failure; SOFA: Sequential organ
failure assessment; Tbil: Total bilirubin; cr: Serum creatinine; HE: Encephalopathy; INR: International normalized ratio; PLT: Plateletes; DA: Dopamine;
DOB: Dobutamine; E: Epinephrine; NE: Norepinephrine; PaO2: Partial pressure of arterial oxygen; FiO2: Fraction of inspired oxygen; SpO2: Pulse oximetry
saturation. Data from Moreau et al[12].

Table 2 Grades of acute-on-chronic liver failure according to
the number of organ failure and the type of organ
No. ACLF
ACLF grade 1

ACLF grade 2
ACLF grade 3

Single- organ failure (coagulation, liver, circulation,
lungs) in patients with sCr 1.5-1.9 mg/dL and/or
grades 1-2 HE or braine failure with sCr range from
1.5-1.9 mg/dL
Two organ failures
Three or more organ failures

Data from the CANONIC study[12]. ACLF: Acute-on-chronic liver failure;
OF: Organ failure.

of facts in this entity.

Predisposition

Almost any kind of CLD can be a main predisposing
factor on its own. In the Western countries, alcoholic
cirrhosis is the cause of 50%-70% of all predisposing
liver diseases of ACLF, comparing to the 10%-30%
caused by chronic viral infection. In the Eastern
countries hepatitis B virus (HBV) accounts for 70%,
[6,10]
and only 15% is related to alcohol
. Nevertheless,
some widespread infections like simple steatosis
are not included as an underlying factor, whereas
non-alcoholic steatohepatitis is. Also, metabolic
and cholestatic liver diseases constitute part of
susceptibility of the ACLF. This status of chronic liver
impairment predisposes not only to an altered proinflammatory situation based on elevated serum
cytokines, but also to a dysfunction in cellular immune
system, reticulo-endothelial, and impairment in the
[25]
bacterial translocation defense system .

Insult

Similarly to sepsis syndrome, infection may play
a major role in triggering the whole inflammatory
response. In the Asian continent HBV reactivation is
one of the principal causes of ACLF. Other hepatotropic
viruses like virus C reactivation might also provoke this
[26]
failure . In India, superimposed hepatitis E has been
[27,28]
described as a major precipitant of ACLF
.
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Bacterial, fungal or viral primary infection can lead
to systemic inflammatory response syndrome (SIRS)
that has the potential to cause acute liver failure. In
the CANONIC study, the principal infections related to
ACLF were spontaneous bacterial peritonitis (SBP) and
[12]
pneumonia .
Among the non-infective precipitating events,
[12]
alcoholic hepatitis is one of the most common causes .
In the CANONIC study, one of the main predisposing
events of ACLF was active alcoholism during the
previous 3 mo (about 25%). Other situations described
as precipitating events were less frequent (about 8%),
and included acute toxic hepatitis, major surgery, or
TIPS insertion. Paracentesis without adequate albumin
[12,25]
replacement, has been reported as well
. However,
in 40% of cases an obvious precipitating event could
[12]
not be identified .

Host response

Host response is probably the leading factor in
determining the severity of the ACLF and its prognostic
outcome. The extension and range of inflammatory
activation may result in the development of SIRS,
characterized by a strong pro-inflammatory status
(despite of an impairment of immune response) that
can lead to ALF, and dysfunction in other organs.
Role of inflamatory response: The host immune
response and the inflammatory cascade take
especially high importance in this syndrome. The
similarity between the SIRS produced by sepsis,
and ACLF suggests that both entities share common
pathogenic mechanisms. In SIRS there is an activation
of the immune system relating leukocytes, endothelial
cells, monocyte/macrophages, cytokines, enzymes,
chemotactic mediators, and adhesion molecules
overproduction. In this state, hepatocytes are believed
to result in sensitized tumor necrosis factor (TNF)[29]
induced apoptosis .
Comparing septic patients to ACLF patients, Wasmuth
[30]
et al formulated the concept of “sepsis- like immune
paralysis” based on a profoundly decreased production
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Figure 1 Mortality rates according to the grade of acute-on-chronic liver failure at 28 d and 90 d according to the grade of acute-on-chronic liver failure.
Data from the CANONIC study[12]. Mortality increases with the grade of ACLF, directly related to the type and number of organ failure. ACLF: Acute-on-chronic liver
failure.

of TNF-α and low monocyte HLA-DR expression in
both groups. He postulated that this cellular immune
impairment could contribute to increased mortality.
Endotoxins have also been proposed to play a role
in mediating the full activation of neutrophils, which
paradoxically would render them unable to act against
the insult. An enhanced pro inflammatory cytokine
environment was proved present in ACLF, as compared
with cirrhosis alone. As ACLF is a pro-inflammatory
state, it could result in chronically primed neutrophils,
but in a deleterious form that might cause functional
failure in phagocytosis due to a continuous energy
depletion, which would prevent them from fighting
[31]
against further infections .
The role that cytokines play in ACLF remains a
key point in the pathogenesis of the inflammatory
response. Elevated serum levels of many cytokines
including TNF-α, sTNF-αR1, sTNF-αR2, interleukin
(IL)-2, IL-2R, IL-4, IL-6, IL-8, IL-10, and interferon-α
has been described. In particular IL-6 and TNF-α
had been proposed to have a dual action, producing
hepatocyte death and also enhancing hepatocyte
proliferation through a complex interplay with Kupffer
[10,32]
cells (KCs) and hepatocytes
.
The mechanism in the rise of cytokines can be
related to necrotic liver cells, decreased hepatic
clearance or, probably the most important, activation
of toll-like receptors (TLRs). These receptors
[33,34]
activate KCs
. Causing KCs to change into M1
[35]
pro-inflammatory macrophages . TLRs have the
capacity to interact with many different agents,
recognizing multiple molecular patterns in pathogen
[36]
or damage- associated pathways . KCs play a key
role in liver injury, as they internalize ligands and
activate the signaling cascades, transcription of proinflammatorycytokines, and superoxide agents. This
promotes oxidative stress and releases proteolytic
enzymes, vasoactive substances such as endothelin-1
(ET-1), thromboxane A2, nitric oxide (NO), and pro
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staglandins, thereby contributing to microcirculatory
[37]
dysfunction .
This entire cascade eventually leads to hepatocyte
death and liver dysfunction. Hepatocyte apoptosis
rather than necrosis seems to be the predominant
mode of cell death in ACLF, as high levels of the
apoptosis marker cytokeratin M30 occurs in ACLF
[38]
patients . Nevertheless, both paths are not mutually
exclusive and the concept of “necroapoptosis” is only
as of late been proposed. Also, the same patient can
[38]
present both forms of cell damage dynamically .

role of bacterial infection

Though the precise mechanisms involved in ACLF
have yet to be clarified, the immune system seems to
be play a predominant role in the setting of cirrhosis,
which paradoxically is one of the most common forms
[39,40]
of immunodeficiency
.
The homeostatic role of the liver in the systemic
[41-43]
immune response is well known
. This role is
defines as “cirrhosis-associated immune dysfunction”
which includes the main syndromic abnormalities of
immune function, immunodeficiency, and systemic
[44]
inflammation . This is a dynamic condition which leads
to oscillation from predominantly pro-inflammatory to
[44,45]
predominantly immunodeficient situations
.
Immune dysfunction in cirrhosis is multifactorial
and reflects a complex interaction between many
systems, predisposing these patients to infections.
It is thought that this susceptibility is not due to a
sole responsible factor, but rather to the concomitant
presence of various facilitating mechanisms such as:
portal hypertension with porto-systemic shunting (thus
impairing detoxification and reticuloendothelial system
phagocytic activity), increased gut permeability and
bacterial overgrowth (all of them increases the risk
of bacteremia and the occurrence of endotoxemia),
albumin and lipoprotein dysfunction, or aberrant toll[33,46-49]
like receptor expression in KCs
.
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The presence of innate immune dysfunction in ACLF
can be inferred from susceptibility to infections: 30% to
50% of cirrhotic patients presented bacterial infections
[50-53]
upon their admission or during hospitalization
.
The most common bacterial infections are SBP (25%),
urinary tract infections (20%), pneumonia (15%)
[54]
and spontaneous bacteremia (12%) . Clinical and
biochemical parameters in bacterial infection were
generally correlated with the severity of liver disease.
Child-Pugh score (CPs) showed a predominance of
class C in infected cirrhotic patients compared to non[55]
infected ones .

PATHOPHYSIOLOGY OF ORGANS
FAILURE
Hepato-adrenal axis failure

Adrenal dysfunction is frequently reported in patients
with CLD (compensated or decompensated), and
severe sepsis (51%-68%), especially in patients with
high CPs, model of end stage liver disease (MELD)
scores, and hemodynamic instability, thereby reflecting
[56-58]
a more advanced liver disease
. Some hypotheses
to explain adrenal dysfunction pathophysiology have
been proposed, such as: decreased cholesterol levels,
overstimulation of the hypothalamus-pituitary-adrenal
[56,59]
axis by cytokines, and endotoxemia
. However, the
mechanism leading to adrenal insufficiency remains
[60]
unclear .
This dysfunction called “hepato-adrenal syndrome”,
is associated with renal failure, hemodynamic
instability, and increased mortality. Hydrocortisone
administration can have initial favourable effects
on hemodynamic parameters, but it has not been
[57,61]
confirmed to improve the outcome
.
Test to assess adrenal function and its interpretation
in cirrhosis and ACLF is difficult due to the absence of
consensus, and normal values of this test, therefore
[62]
recommendations cannot be made .

Pulmonary failure

Respiratory failure can be classified in two types of
complications. First, complications typically related
to cirrhosis, like hepatic hydrothorax (that can
become infected), portopulmonary hypertension,
hepatopulmonary syndrome, and transfusion-related
[63,64]
acute lung injury (among others)
. Secondly,
infectious complications (which are the most common),
like aspiration pneumonia. Bacterial respiratory tract
infections in cirrhotic patients represent 14% to 48%
[65]
of all bacterial infections . These patients are at
increased risk of pneumonia due to unprotected airway
from altered consciousness, increased intra-abdominal
pressure from ascites, endoscopic procedures for
gastrointestinal bleeding and increased risk of bacterial
translocation because of excessive use of proton pump
[66-68]
inhibitors
.
The relevance of this OF, and its impact on mortality
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in ACLF, can be emphasized by its incorporation into
the CLIF-SOFA score. Respiratory failure is defined
in CLIF-SOFA by gasometric parameters, as a partial
pressure of arterial oxygen (PaO2)/fraction of inspired
oxygen (FiO2) ratio of 200 or less, or a pulse oximetry
[12,69]
saturation/FiO2 ratio of 200 or less
.

Haematological failure

Failure in the coagulation system is defined in CLIFSOFA as an international normalized ratio (INR) of 2.5
[12]
or more, or a platelet count < 20000/μL .
Patients with liver disease are in a state of
“rebalanced haemostasis” which results in an increase
[70,71]
of both pro-thrombotic and anti-thrombotic factors
.
As explained above, in ACLF the inflammatory process
may trigger the “unstable balance” to any of these two
states and may be manifested by either bleeding or
thrombotic complications. Anti-thrombotic alterations
are thrombocytopenia, abnormal platelet functions,
deficiency in the coagulation factors (except for
Factor Ⅷ), and increased fibrinolysis. On the other
side of the balance, the pro-thrombotic state, which
is manifested by a decrease of anti-coagulation and
plasminogen, associated with an increase in the
plasminogen activator inhibitor (PAI), Von Willebrand
[72-76]
factor and in factor Ⅷ
. Summarizing, the most
significant haematological abnormalities described
in ACLF are defective platelet function and increased
[77,78]
fibrinolysis
.
Coagulopathy is worsened in sepsis by the presence
of endogenous low-molecular weight heparinoids which
disappear with resolution of infection. In addition,
there is an increased risk of bleeding complications
due to further increased portal pressure secondary
to infections and may explain the beneficial role of
antibiotics administration in reducing early variceal
[79-81]
rebleeding
. Standard laboratory values, such as
the determination of the INR or the activated partial
thromboplastin time, poorly reflect the pathophysiological
changes in ACLF, therefore a deeper comprehension of
underlying mechanisms is needed to guide correction
[71,82]
of coagulation abnormalities on these patients
.

Neurological failure

HE is a common manifestation of ACLF. Neurological
failure is defined by CLIF-SOFA by the development of
[83]
encephalopathy grade Ⅲ or Ⅳ . Local and systemic
disturbances have been implicated in the development
of this syndrome. Patients with HE show a functional
derangement in the blood brain barrier leading
to increased transport of neutral amino acids and
[84]
reduced transport of basic amino acids . Elevated
brain ammonia level and cerebral hemodynamic
dysfunction are known to be the major etiological
factors. Recent data suggest that in light of functional
immunoparesis of patients with liver dysfunction, a
poorly understood relationship between ammonia,
inflammation and oxidative stress may underlie
[85-87]
the HE pathogenesis
. These alterations include
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abnormalities in neurotransmission [i.e., disturbances
in aminobutyric acid (GABA) ergic systems], energy
impairment (i.e., decrease in cerebral blood flow,
inhibition of cerebral energy metabolism by ammonia),
brain oedema (i.e., elevated ammonia levels, hypo
natremia) and neuro-inflammation (generation on
[88,89]
nitric oxide, prostanoids, astrocytic swelling)
.
EH in the setting of ACLF have a different course
[90]
from cirrhotic patients with AD but without ACLF .
Isolated EH usually develops in the context of
long-term diuretic use, and is not associated to an
impairment of liver function. The absence of significant
inflammatory reaction and the low prevalence of
organ’s failure relatively preserve good prognosis. By
contrast, patients with HE associated with ACLF has
an extremely poor survival rate, as a consequence of
a generalized inflammatory reaction that may play a
role in brain and other organs dysfunction. In addition
to liver dysfunction, HE in the setting of ACLF is
frequently associated with bacterial infections, active
[91,92]
alcoholism or dilutional hyponatremia
.

Circulatory failure

According to the CLIF-SOFA, patients requiring
inotropic drugs are considered to present circulatory
[6,12]
failure
.
Mechanisms underlying haemodynamic and cardiac
dysfunction in ACLF resembles closely to those in
severe sepsis, as TNF and NO are increased and
[57,58]
cortisol is decreased
. This circulatory dysfunction
is typically characterised by an intense hyperdynamic
state with the inability to obtain adequate perfusion
pressure despite volume expansion and requirement
of large doses of inotropic agents, with subsequent
[93-95]
development of lactic acidosis
. The increased
infections risk is often coupled to cardiac dysfunction.
This situation may be aggravated by sepsis related to
increased susceptibility to infections, by impairment
in cardiac systolic and/or diastolic function or by the
[96,97]
presence of hepatoadrenal syndrome
. It has
been speculated that any acute inflammatory insult in
patients with underlying cirrhotic cardiomyopathy may
[97]
precipitate cardiovascular collapse . In ACLF there is
often incapacity to appropriately increase the cardiac
[98]
output in response to the insult . This finding is in
contrast to decompensated cirrhosis, where cardiac
output remains elevated, until advanced stages of
liver disease, secondary to splanchnic vasodilatation.
This cardiovascular abnormality is associated with an
increased risk of death, particularly in those patients
[99]
who present with renal dysfunction . Inotropic
support is often needed, however the best therapeutic
[100]
approach remains unclear .

Kidney dysfunction

Renal failure is defined by the CLIF-SOFA as a
creatinine ≥ 2 mg/d and the use of renal replacement
[12]
therapy . In the CANONIC study kidney failure
was the most frequent OF for ACLF grades (55.8%),
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followed by liver, cerebral, and coagulation failures
[12] .
(43.6%, 27.7% and 24.1%, respectively) . As
shown, acute kidney injury (AKI) is a frequent and an
important component of ACLF, as it is associated with
[101-105]
poor prognosis
. Mortality is associated to the
type and number of organs failure, and was higher
in the subgroup of patients with single kidney failure
than in those with involvement of other organs. A
study including 562 hospitalised patients with cirrhosis,
suggested that the most frequent causes of renal
failure were related to bacterial infections (46%),
hypovolaemia (32%), hepato-renal syndrome (HRS)
[106]
(13%) and intrinsic renal failure (9%)
. Other
[107-109]
studies support these results
. Renal failure may
be categorized into four types: HRS, parenchymal
disease, hypovolemia-induced and drug-induced
[106,107,110]
renal failure
. Attributing the renal failure to a
single mechanism in patients with multiorgan failure
is usually difficult. There are many aetiologies of renal
[111,112]
failure in patients with ACLF
. Prerenal factors are
generally associated with renal hypoperfusion, which
may be associated with intravascular volume depletion
(haemorrhage, renal and gastro-intestinal fluid loss) or
marked deterioration of effective arterial blood volume,
[99]
leading to HRS . Most intrarenal causes are related
to ischemic acute tubular necrosis, also due to renal
[109,113]
hypoperfusion
.
Undoubtedly, systemic haemodynamics and cardiac
dysfunction play an important role in the development
of renal failure. Thus, in some patients the circulatory
changes may predominate, whilst in other patients
there may be increased synthesis of pro-inflammatory
mediators (or both). SIRS has also been suggested to
be involved, accompanying and aggravating the above
[114-116]
mentioned mechanisms
. The benefit of the antiinflammatory or immunomodulatory agents such as
corticosteroids or pentoxifylline in the prevention of
renal failure in patients with acute alcoholic hepatitis
[106,109,117,118]
might support this observation
.

Liver failure

Liver failure is defined by the CLIF-SOFA as a total
bilirubin ≥ 12 mg/dL. The hallmark of the liver
manifestation of ACLF is hyperbilirubinemia and
[12]
coagulopathy .
Some lines of evidence suggest that the histo
pathological characteristics of the liver during ACLF
will be determined by the underlying cause of cirrhosis
[6,25]
and the nature of the precipitating event
. From
the pathophysiological point of view, in ACLF there is a
further exacerbation of haemodynamic derangements
[6]
besides the already existing liver structural changes .
Liver inflammation has a capital importance on
[119]
increased portal pressure
. Mechanisms proposed
are changes in vascular smooth muscle cells, activation
of hepatic stellate cells, reduced nitric oxide activity
secondary to endothelial dysfunction and upregulation
[113,120-123]
of sympathetic tone
. Another key component
is angiogenesis, which plays an important role in
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increasing intrahepatic resistance, and therefore
[124-127]
in ACLF pathogenesis
. It should be noted
that according to definition on diagnostic criteria,
differences in portal haemodynamics have been
described. When ACLF was defined according to the
APASL criteria no differences were observed in portal
haemodynamics between decompensated cirrhosis
[128]
and ACLF
. However, using the EASL-AASLD
definition, the portal pressure was markedly higher
in those with ACLF portal pressure, in comparison to
those with decompensated cirrhosis when ACLF was
[129]
defined according to the AASLD/EASL definition
.
These results point to the need for cautious definition
of the population studied.
SIRS and bilirubinostasis had been associated
[130-132]
with an increased risk of subsequent infection
.
These infections begets a greater inflammatory
response with aggravation in portal hypertension
and further worsening of an already poor progno
[80,133]
sis
.This concept is supported by the reduction
of portal pressure by antibiotics administration that
modulates gut-derived endotoxemia and bacterial
[79,80,134]
translocation
.
Another characteristic feature of liver dysfunction is
coagulopathy. Coagulation tests are usually abnormal
in cirrhotic patients due to impaired synthesis and
increased consumption of coagulation factors (see
haematological failure). Bleeding abnormalities and
[70,81,82,107]
hyper-coagulability may coexist
.

PROGNOSIS, PREDICTORS OF
MORTALITY
ACLF is associated with a high mortality rate of
50%-90% (which means it is 15 times higher of a
rate in patients with ACLF), as compared to patients
[12]
with an AD without ACLF . Unfortunately, there are
no well-established prognostic indicators available for
predicting ACLF progression. The discrepancies and
unevenness in the definition of ACLF, and therefore the
different characteristics of the population under study,
has limited research into the identification of clear
[9,135-138]
indicators of severity and outcome predictors
.
As previously mentioned, ACLF is a serious illness, in
which reversibility is sometimes suggested in about half
of the patients, or in other cases can progress to a lifethreatening situation. It is, therefore, of fundamental
importance to have accurate prognostic indicators in
place, to be able to identify patients at high risk of ACLF
that may require intensive care treatment, concise
clinical decision making to improve management and
minimize futile and expensive care. Due to a lack of
universally accepted prognostic model for ACLF, many
already widely used prognostic models for cirrhosis
have been applied for the evaluation of this syndrome.
In this regard prognosis scores can be categorized in
two: the former that evaluates the severity of liver
dysfunction (CPs, MELD) and the latter, global prognostic
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scores [Acute Physiology and Chronic Health Evaluation
(APACHE Ⅱ) and SOFA]. Several lines of evidence
demonstrate that global prognostic scores are superior
to specific liver scores for estimation of prognosis in
[103,105,139-141]
these patients
. These findings emphasize
the importance of OF in defining the prognosis of
ACLF, because once extrahepatic failure has begun,
outcome is mainly determined by the degree of endorgan dysfunction and less by the severity of the liver
[101,104,142-144]
disease
.
Some studies suggested that APACHE-Ⅱ is the
best predictive scoring system, owing to the fact that
in ACLF once liver failure is established the prognosis is
determined by the degree of other organ dysfunction
[10,98,142,145]
and not by the severity of liver failure
.
In some studies, MELD has been found to be a
[146]
discrimination factor similar to SOFA and APACHE Ⅱ .
The CLIF-SOFA also proved to be a strong predictor of
short-term mortality but does not significantly improve
[18,19]
the prediction accuracy of MELD and MELD-Na
.
Recently, based on data from the CANONIC study, a
specific prognostic score for ACLF has been developed
named the “CLIF-CONSORTIUM score for ACLF” (CLIF-C
ACLF score). This score is the result of combining
“CLIF-Consortium Organ Failure (CLIF-C OF)” score
(designed for the diagnosis of ACLF), and two other
independent predictors of mortality (age and white[7,135,147]
cell count)
. This new score at ACLF diagnosis
showed a significantly higher predictive accuracy than
[7,135]
MELDs, MELD-Na and CPs
. CLIF-C ACLF score has
also been shown to be an independent predictor of
[45,148]
course severity
.
Furthermore, ACLF has been shown to be dynamic
process. In this connection, scoring taking into account
dynamic changes, or improvement/impairment in the
[149,150]
same score, have shown to predict outcomes
.
[151]
In this line, Kumar et al
has demonstrated that any
improvement in the MELD score over 2 wk suggests a
good outcome.
A large number of studies have indicated that the
greater the number of organ dysfunction or OF at
[12,98,152,153]
diagnosis, the lower the ACLF patient survival
.
The basic mechanism is the importance of systemic
[132]
inflammation on OF, and its impact on prognosis
.
Along these lines, ACLF mortality has been associated
with loss of organ function (Higher CLIF-SOFA score),
high leukocyte counts, and high C-reactive protein
(CRP). ACLF is especially severe in patients with no
prior history of AD, characterized by higher numbers of
OF, higher levels of inflammatory mediators, leukocyte
[12,154]
count and higher rates of mortality
. Patients
with ACLF are younger than those without, and age is
[154]
associated with more vigorous immune response
.
These data sets do not coincide with the findings from
[155]
Shi et al
suggesting that ACLF patients with or
without prior decompensation had comparable shortterm prognosis, but the former group was characterized
by increased delayed mortality.
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Table 3 Summary of predicting factors
High levels of bilirubin
Age and high INR
Decreased serum thyroid-stimulation hormone (TSH) levels
Low free T3 levels
Systemic haemodynamic changes
Iron metabolism and transport
Neutrophil-lymphocyte ratio (NRL)
Presence of SIRS
Infection and sepsis

Gustot et al[148], López-Velázquez et al[206], Cordoba et al[90]
Shi et al[155], Cordoba et al[90], Garg et al[146], Kumar et al[151], Moreau et al[152]
Wu et al[207]
Agiasotelli et al[208]
Garg et al[146]
Maras et al[209]
Lin et al[210], Liu et al[211]
Katoonizadeh et al[177], Thabut et al[108]
Sargenti et al[212], Bruns et al[164], Linderoth et al[213]

No well-established prognostic indicators are available for predicting ACLF outcome. Ambiguity in the diagnostic criteria has limited researches into the
identification of clear indicators of severity. According to diverse population under study and definition of the syndrome, different indicators have been
proposed. ACLF: Acute-on-chronic liver failure; INR: International normalized ratio.

Many studies suggest that HE is associated with
higher mortality, especially in those with grade Ⅲ[83,90,151,156]
. This association is
Ⅳ encephalopathy
highlighted by the incorporation of HE to modified
scores [i.e., integrated-MELD (iMELD) score] with
[157,158]
the aim of improving its predictive value
. In a
[159]
recent study from Shi et al
when compared ACLF
precipitated by hepatic insults to those precipitated by
extrahepatic ones, the latter group had significantly
higher 90-d and 1-year mortality; however, both
groups had comparably high short-term mortality.
This study also, demonstrates that the iMELD score
may be a better predictor for hepatic-ACLF shortterm prognosis, whereas CLIF-C-ACLF might be more
beneficial for extrahepatic-ACLF patients. This novel
score incorporates age and HE into MELD score, both,
strong predictors of prognosis in hepatic-ACLF patients.
The iMELD score has better predictive value of 3-mo
mortality than the original MELD, SOFA, CLIF-SOFA
[158]
and CPs in HBV-ACLF patients .
[160]
Recently, Wu et al
established and validated
a new score to predict mortality risk in patients
with HBV-ACLF. This score named “ALPH-Q score”,
integrates electrocardiography parameters, age,
liver cirrhosis, prothrombin time and HE greater
performance than CPs, MELD, and Logistic regression
model (LRM) for predicting short-term mortality of
patients with HBV-ACLF.
Many other factors summarized at Table 3 had
been described.

MANAGEMENT
General management

At present, there is no ACLF-specific treatment.
Current treatment consists of supportive measures,
and therefore it should rely on enhanced care or
intensive care units where the management of patients
with multiorgan failure is protocolised, and patients can
[107,140,161]
be closely monitored
. The aim of the general
management should be focused on early recognition
of any condition or precipitating factor which can
cause ACLF, or, even more importantly, on avoiding
exposure to those factors known to trigger multiple
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OFs. Although not proven, it is thought that the
greatest impact on patient’s outcome will be achieved
by preventing or slowing a further progression of ACLF.
Patients with ACLF present some unique features that
may differentiate them from the non-cirrhotic patients
and thus, a multidisciplinary approach is essential.
The main principle of treatment should therefore be
to support organ function and treat precipitating factors
[6,12,25,45,162]
while the liver recovers
. Treatment should
be directed at addressing each specific dysfunction.
For example, plasma expansion with albumin or
crystalloids to improve the circulatory system or kidney
function; administration of prednisolone in the setting
of acute alcoholic hepatitis; renal replacement therapy
to treat fluid, electrolyte, and acid-base abnormalities;
vasoactive amines to improve ventricular function
when circulatory failure or sepsis occurs; endotracheal
intubation for airway control in patients with severe
encephalopathy, in the presence of active upper
gastrointestinal bleeding and/or lung failure. It should
be noted, the great importance of both, prophylaxis
and treatment of infections, given their crucial role of
[66,69,144,163,164]
in the development of ACLF
.

Liver support devices and liver transplantation

Liver support devices: When medical treatment
fails, artificial liver support can be considered as a
bridge therapy to liver transplantation or while the
precipitating event is reversed. Yet organ shortage,
cost, complications and side effects associated with
immunosuppression, strongly limit this option. Further
more, unstable clinical conditions of patients with ACLF
are often contraindications for liver transplant.
Two types of devices can be distinguished;
acellular devices such as albumin dialysis and plasma
exchange [mainly molecular adsorbents recirculating
system (MARS), and Prometheus devices], and cellbased devices, which incorporate cells from human,
animal sources, or immortalized cells. The use of liverassisting devices is based on their ability to remove
toxic substances, inflammatory molecules, reduce
NO, improve systemic hemodynamics and severe
[165,166]
HE
. However, two prospective randomised
studies, the RELIEF Study Group and the HELIOS
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Study Group compared treatment with conventional
therapy to MARS or to Prometheus, respectively, failed
to show any survival benefit, despite improvement
[167,168]
on biochemical parameters
. In contrast, Xu et
[169]
[170]
al
and Ling et al
found that downgrading MELD
in ACLF using these systems therapies improved the
outcomes after liver transplantation.
Therefore, although these systems have some
beneficial effects in patients with ACLF, their overall
usefulness in this setting is uncertain. Until today,
given the lack of acquiring a strict definition of ACLF,
has undoubtedly made prospective studies in this
field more difficult. Consensus on definition is needed
to perform clinical trials able to translate liver assist
devices application to a survival benefit in patients with
[168,171-173]
ACLF
.
Liver transplantation: Available information on
liver transplantation for ACLF patients’ is scarce,
even though this represents the only definitive
therapeutic option for the vast majority of patients
[174,175]
with ACLF
. Nonetheless, as mentioned above,
numerous reasons, including advanced age, active
alcoholism, uncontrolled infections, concomitant
diseases, and the presence of associated OFs, make
patients with ACLF often unsuitable to undergo
transplantation.
ACLF is associated with high short-term mortality
rates of 50% to 90% and may evolve rapidly into a
fatal clinical situation, thus the timeframe for evaluating
[12,176,177]
patients and assessing them for LT is short
.
More than 50% of the listed ACLF patients died on
the waiting list which further demonstrates that the
time period to transplantation is crucial, and that
[178]
the window of opportunity is small
. Where the
time of transplantation is a critical element in the
patient’s prognosis, living donor transplantation is an
attractive alternative, since there are no waiting list
constraints, and long-term survival has been shown to
[179-182]
be comparable to living donor transplants
. There
are limited evidences regarding the long-term outcome
of patients transplanted for ACLF. Some studies
showed similar survival rates of patients with ACLF
to patients with chronic liver disease who underwent
[174,178,183]
transplantation for other indications
. When
interpreting these data sets, differences between
western and eastern transplant centers must be taken
into consideration.
Further studies are still necessary to determine
timing of liver transplantation, optimal selection, and
whether ACLF patients should be prioritized on a highurgency list.

Antiviral therapy in ACLF

Antiviral therapy deserves particular mention due to
the relevance of reactivation of HBV among aetiologies
of ACLF in the Asia-Pacific region, where hepatitisB-related cirrhosis constitutes around 70% of the
[30,105]
underlying chronic liver diseases
. Furthermore,
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a large number of HBV-ACLF cases do not have
underlying cirrhosis, as evidenced APASL ACLF Research
Consortium (AARC) data based on the liver biopsy
[184]
studies .
The aim of antiviral treatment for HBV-ACLF is
to reduce viral DNA, so that reduction in hepatocyte
cell death, helps prevent decompensation related
multiorgan complications, and thereby improves
[185-188]
survival outcomes
. Early treatment with
nucleos(t)ide analogues such as lamivudine, tenofovir,
[188-190]
entecavir or telbuvidine should be started
. Low
pretreatment HBV DNA load and a rapid decrement
[191-194]
in viral load improves outcomes in ACLF
. Some
studies suggest that initial combination antiviral
[195-197]
therapy is more effective than monotherapy
.

New therapeutic targets

A few recent studies have tested the possibility of
liver regeneration in a small group of patients with
ACLF using granulocyte-colony stimulating factor
[192,198-201]
therapy
. This cytokine mobilises bone marrowderived stem cells and then restores neutrophil
function, promotes hepatic regeneration, and thereby
reducing the risk of developing kidney, or brain failure,
and sepsis and thus improving survival of patients
with ACLF. More studies are needed to provide clearer
evidence.
Other proposed therapy for patients with ACLF,
has been cell transplantation, either using hepatocytes
or stem cells, to improve liver function thought cell
repopulation of the liver and their potential antiinflammatory effects, but again, these results await
[202-205]
confirmation
.

CONCLUSION
ACLF is a devastating syndrome since it remains
a highly prevalent, life-threatening disease, which
is clinically, pathophysiologically and prognostically
a distinct entity from a mere decompensation of
cirrhosis. In ACLF, altered host response to pre
cipitating injury plays a pivotal pathophysiological role,
such as SIRS. The degree of background immune
paralysis and severity of OF determine the outcome
of this syndrome. Ambiguity and variability among
researcher groups on definitions criteria hampers
precise characterization of this entity. Considerable
efforts have been made to delve into the knowledge
of this syndrome. Despite the progress, especially
in pathophysiology, several questions remain: Fist,
treatment strategies are currently limited to organ
support; thereby a better understanding of underlying
mechanisms will allow the development of new drugs
and devices. Second, the absence of consensus
on diagnostic criteria hampers the recognition of
biomarkers and factors determining the outcome.
Third, the most ambitious goal is, probably, the early
recognition of this syndrome, in order to implement
strategies to avoid the development of OF owing to
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the reversibility of this profile of liver failure. Finally, a
universally accepted definition is urgently needed.
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Abstract
Liver biopsy is a standard method used for obtaining
liver tissue for histopathological evaluation. Since
reliable serological and virological tests are currently
available, liver biopsy is no longer needed for the
etiological diagnosis of chronic hepatitis B and C.
However, liver histology remains the gold standard as
a prognostic tool, providing information about the liver
disease progression (grading of necroinflammatory
activity and staging of fibrosis) and serving clinicians
in the management and therapeutic decisions. In
general, histopathological evaluation is indicated before
starting the antiviral treatment. Main limitations of the
liver biopsy include its invasive and painful procedure,
sampling errors and the inter- and intra-observer
variability. In addition, indications for the liver biopsy
in pediatric patients with chronic viral hepatitis were
questioned recently, and efforts have been made
toward the development of non-invasive methods as an
alternative to the liver biopsy. The most commonly used
methods are novel imaging studies (elastography) and
combinations of biomarkers. However, to date, none
of these tests was validated in children with chronic
viral hepatitis. In this review, we present the current
status of the liver biopsy in the management of chronic
viral hepatitis B and C in pediatric population, including
specific indications, complications, contraindications,
problems, limitations, and alternative non-invasive
methods.
Key words: Liver biopsy; Hepatitis B; Hepatitis C;
Pathology; Elastography; Fibrosis; Children
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The role of liver biopsy in pediatric patients
with chronic viral hepatitis was questioned recently due
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to the development of non-invasive alternative methods
(novel imaging studies and combinations of biomarkers)
used for the assessment of the severity of liver fibrosis.
However, none of these methods has been validated
in children so far, and therefore liver biopsy remains
the gold standard for the evaluation of liver disease
progression in children with chronic viral hepatitis. In
addition, it is a crucial tool for the management and for
therapeutic decisions.
Pokorska-Śpiewak M, Kowalik-Mikołajewska B, Aniszewska M,
Pluta M, Marczyńska M. Is liver biopsy still needed in children
with chronic viral hepatitis? World J Gastroenterol 2015;
21(42): 12141-12149 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/12141.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.12141

INTRODUCTION
Liver biopsy is a standard procedure used to obtain the
[1,2]
liver tissue for histopathological evaluation . Most
commonly, it is performed percutaneously, without
contemporaneous ultrasonographic guidance in deter
mining the puncture site (“blind” liver biopsy, with a
percussion-guided transthoracic approach, which is
considered as the classic percutaneous method) or
as ultrasound/computerized tomography-guided liver
[1-3]
biopsy
. However, the role of ultrasonography in
biopsy site determination is controversial. Among adult
patients, ultrasonographic guidance was shown to be
associated with decreased rates of hospitalization,
but it did not influence rates of bleeding and hypo
[4,5]
tension . Other less frequently used techniques
include transjugular, plugged, and intraoperative or
laparoscopic liver biopsy. Two main types of devices,
available in different diameters, are used to obtain the
liver tissue: suction and cutting needles. Liver biopsy
is an invasive procedure. Thus, it is performed under
general anesthesia or sedation in order to reduce pain
[2]
and anxiety in patients . Because of pediatric patients’
lack of cooperation, general anesthesia is usually
[3]
required . Before performing the procedure, a written
informed consent for the biopsy should be obtained
from the patient and/or parents/guardians.
Three main indications for the liver biopsy include
diagnostic and prognostic purposes, evaluating disease
[2]
severity and monitoring response to treatment . Liver
diseases of different etiologies (e.g., viral, autoimmune,
nonalcoholic, and drug-induced hepatitis), as well as
inherited metabolic diseases, cholestasis, liver tumors,
acute liver failure, abnormal liver tests of unknown
etiology, and others are considered as indications
for liver biopsy in children. In recent years, due to
the development of alternative methods of diagnosis
of the liver diseases and advancement of imaging
techniques (elastography), the role of the liver biopsy
in chronic viral hepatitis has significantly evolved and
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[2,3]

is being questioned . Thus, the aim of this review
was to analyze the current status of the liver biopsy
in the management of chronic viral hepatitis B and C
in pediatric population, including specific indications,
complications, contraindications, problems, limitations,
and alternative non-invasive methods.

HISTOPATHOLOGICAL EVALUATION
In general, histopathological expression of the
chronic viral hepatitis comprises the following three
components: inflammation, fibrosis/cirrhosis, and
[6]
hepatocellular changes . Lesions typical for viral
hepatitis, which enable the differential diagnosis
with other chronic liver disorders, include portal
tract inflammation consisting of mononuclear cells,
common presence of interface hepatitis, usually
focal lobular necrosis of variable degree, and mild
[7,8]
bile duct damage (common in hepatitis C)
.
Histopathological evaluation of the liver tissue in case
of chronic viral hepatitis B or C should provide the
following information: the extent of necroinflammation
and fibrosis, the presence of any adjunctive lesions
(steatosis, hemosiderosis, liver cell dysplasia), and
detection of any comorbid conditions. In about 20%
of patients with chronic hepatitis B or C, liver biopsy
reveals other liver diseases which may affect disease
progression and management (e.g., non-alcoholic fatty
[7,9]
liver disease) .
The extent of necroinflammatory activity and
fibrosis has important implications for prognosis and
[7]
therapy . Fibrosis is considered as a better predictor of
[10,11]
disease progression than necroinflammation
. The
assessment of necroinflammatory activity and fibrosis
is performed using several scoring systems, which take
into account grading of the necroinflammatory activity
[7,12,13]
[14]
and staging of fibrosis
. In 1981, Knodell et al
proposed the first semiquantitative scoring system The Histological Activity Index (HAI). As HAI combined
the necroinflammation and fibrosis, it is now rarely
used in its original form and has been replaced by
its modifications and other systems: Ishak, Scheuer,
[12,15-19]
METAVIR, and Batts-Ludwig classifications
. All
these systems are widely used in routine practice and
for clinical trials, and there is no consensus as to which
[7,20]
one is the best
. Clinicians should be familiar with
the system used by the pathologist they cooperate
[7,20]
with
.

HEPATITIS B
Despite the implementation of universal immunization
programs and blood-donor screening, infection
with hepatitis B virus (HBV) is still one of the most
important causes of liver disease. There are more
than 360 million patients (6% of the population)
suffering from chronic hepatitis B (CHB) worldwide
with a significant number of children still being
[21-24]
infected each year
. The clinical spectrum of CHB
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Table 1 Indications for the liver biopsy in children with chronic hepatitis B according to the phase of the infection

[21,22,29]

Phase of HBV infection

Immune-tolerant

Immune-active (-clearance)

Immune-inactive

Reactivation/HBeAg-negative
chronic hepatitis

HBsAg
HBeAg
HBV DNA
(IU/mL)/(copies/mL)
ALT
Histopathology:
necroinflammation and
fibrosis
Liver biopsy

Detectable
Detectable
> 20000/> 105

Detectable
Detectable
> 20000/> 105

Detectable
Undetectable (anti-HBe positive)
< 2000/< 104 or undetectable

Detectable
Undetectable (anti-HBe positive)
> 2000/> 104

Normal
Minimal or absent

Persistently elevated
Can develop

Normal or elevated
Active liver inflammation +/fibrosis

Generally not indicated

Indicated

Normal
Liver inflammation absent or
minimal, fibrosis regresses over
time
Generally not indicated

Generally ineffective,
risk of drug resistance;
continued monitoring
recommended

Should be considered

Antiviral therapy

Continued monitoring
recommended

Indicated, especially if ALT
elevated
Should be considered if moderate
or severe inflammation or fibrosis
detected

ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen.

in children ranges from asymptomatic carriage with
minimal liver disease, to progression to cirrhosis and
[25]
decompensated liver disease . Despite a rather
benign course of CHB during childhood, the lifetime
risk of developing hepatocellular carcinoma (HCC)
is 9%-24%, and the annual incidence of cirrhosis is
[21,26,27]
estimated at 2%-3%
. Chronic HBV infection in
childhood usually manifests as a mild liver disease;
however, it can lead to cirrhosis in few, but not yet
[21,25,26,28,29]
well identified cases
. The natural history of
the disease is complex and, in general, consist of four
phases: immune-tolerant, immune-active (-clearance),
immune-inactive, and HBeAg-negative chronic hepatitis
[13,22,29]
or reactivation
(Table 1). In children with CHB,
liver histopathology evaluation remains crucial for
the management of the liver disease, and hence the
liver biopsy is essential before making treatment
decisions and for predicting possible progression
[30]
of the liver disease . However, this procedure is
performed only in a selected group of patients, based
[21,22,29]
on the clinical evaluation
. Decision to start
treatment in patients with CHB is based on alanine
aminotransferase (ALT) level, HBeAg positivity, HBV
DNA level, liver histology, family history of HCC, and
[22]
other coexisting liver diseases . In general, according
to the current practical guidelines of the European
Association for the Study of the Liver (EASL), and
the European Society of Pediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN), liver biopsy
is recommended in children with either persistently
increased ALT levels and/or HBV DNA levels > 2000
[22,23]
IU/mL
(Table 1). In particular, before the initiation
of the treatment, a histologic assessment of the
necroinflammatory activity and the stage of fibrosis
[22,29]
is recommended
. The response to the currently
used antiviral drugs is more likely in patients with at
[31,32]
least moderate necroinflammation or fibrosis
. But
for children with mild histopathological features, such
a benefit has not been established. However, if the
child has a family history of HCC, the treatment should
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always be considered because of the increased risk
[22,33]
for HCC development
. Liver biopsy is a useful tool
in establishing prognosis and in predicting response
to treatment, as more advanced necroinflammatory
activity and fibrosis correlate with response to
treatment using both interferon and nucleoside
[31,32]
analogues
. Histological evaluation is also helpful
in the diagnosis of cirrhosis, which is essential when
interferon therapy is considered, as this may lead
to decompensation of the liver disease in cirrhotic
[3,34]
patients
. Liver biopsy findings in children with CHB
are presented in Table 2.

HEPATITIS C
Hepatitis C virus (HCV) infection is considered as an
important public health problem worldwide with an
estimated global prevalence of 2.8% and 160 million
[35,36]
people infected chronically
. Chronic hepatitis C
(CHC) is a progressive disease, with 10%-20% of
infected patients developing cirrhosis and about 7%
[37,38]
of cirrhotic adult patients progressing to HCC
. In
children and adolescents, CHC is usually described as
a mild disease; however, severe cases with advanced
fibrosis, cirrhosis, and even HCC in childhood have
[39-43]
also been reported
(Table 2). It is estimated
that about 5% of infected pediatric patients develop
significant liver disease and 1.8% develop cirrhosis in
[39,44]
childhood
.
Since reliable serological and virological tests are
currently available, liver biopsy is no longer needed for
the diagnosis of CHC. The role of this procedure in the
management of patients with CHC has also evolved
with the development of non-invasive alternative
methods and with the availability of the new, more
effective treatment regimens, based on the directacting antivirals (DAAs). However, DAAs have not been
implemented for routine practice in pediatric patients
so far. Although histological inflammatory activity and
fibrosis are likely to be mild in children with CHC, liver

12143

November 14, 2015|Volume 21|Issue 42|

Pokorska-Śpiewak M et al . Biopsy in children with viral hepatitis
Table 2 Liver biopsy findings in children with chronic hepatitis B and C n (%)
Type of Patients
Age,yr
infection
(n )
(mean ± SD
or range)

Grading of necroinflammatory activity
mean HAI ± Minimal/mild
SD

Staging of fibrosis

Moderate/
severe

mean ± SD No/low grade

Ref.

Severe/
cirrhosis

Cirrhosis

HBV

30

12.9 ± 2.5

5.4 ± 3.4

25 (84)

5 (16)

1.7 ± 0.9

24 (80)

6 (20)

1 (3)

HBV
HBV

35
190

10.2 (2.0-20.2)
7.5 ± 4.1

6.07 ± 3.22

33 (94)
135 (71)

2 (6)
55 (29)

1.71 ± 0.78

28 (80)
183 (96)

7 (20)
7 (4)

2 (7)
1 (0.5)

HBV

47

9 (1-17)

-

34 (72)

13 (28)

-

41 (87)

6 (13)

0

HCV

30

11.5 ± 3.6

4.2 ± 2.5

29 (97)

1 (3)

1.2 ± 0.9

28 (93)

2 (7)

0

HCV
HCV
HCV
HCV
HCV
HCV
HCV
HBV/
HCV

44
44
112
80
121
42
109
10

8.6 ± 4.1
14.5 ± 4.0
8.6 (1-19)
9.1 ± 4.8
9.8 ± 3.7
13.4 ± 4.1
8.8 ± 4.2
12.6 ± 2.7

5.1
3.3 ± 1.5
6.2 ± 3.0

32 (73)
33 (75)
62 (78)
72 (60)
30 (71)
7 (70)

12 (27)
11 (25)
17 (21)
49 (40)
12 (29)
3 (30)

1.36 ± 0.5
1.7 ± 0.8

39 (89)
35 (80)
107 (96)
66 (83)
114 (94)
37 (88)
105 (97)
9 (90)

5 (11)
9 (20)
5 (4)
13 (16)
7 (6)
5 (12)
4 (3)
1 (10)

1 (1)
1 (1)
2 (2)
0

Pokorska-Śpiewak
et al[52]
Boxall et al[77]
Mozer-Lisewska et
al[30]
DzierzanowskaFangrat et al[78]
Pokorska-Śpiewak
et al[52]
Mohan et al[43]
Mohan et al[43]
Guido et al[79]
Guido et al[80]
Goodman et al[46]
Mohan et al[42]
Kage et al[81]
Pokorska-Śpiewak
et al[52]

HAI: Histological activity index; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

[47,48]

Table 3 Indications for the antiviral treatment in patients
[45]
with chronic hepatitis C according to the stage of fibrosis
Stage of fibrosis (METAVIR)
Significant fibrosis (F3) or cirrhosis (F4),
including decompensated cirrhosis
Moderate fibrosis (F2)
No or mild liver disease (F0, F1)

Treatment
Should be prioritized
Is justified
Can be deferred

biopsy is recommended by EPGHAN as a baseline
investigation before the HCV infection treatment
[44]
in clinical trials . According to the recent EASL
Recommendations on Treatment of Hepatitis C (2015),
before the initiation of the therapy, the assessment of
[45]
liver disease severity should be performed . As the
post-treatment prognosis depends on the stage of
fibrosis, identifying patients with advanced fibrosis or
cirrhosis is particularly important. If significant fibrosis
is absent, the timing of therapy is possible (Table 3).
The evaluation of liver disease severity is important
regardless of ALT levels, as significant fibrosis may also
[45,46]
be present in patients with repeatedly normal ALT
.
For many years, for the assessment of liver disease
severity in patients with CHC, liver biopsy was the only
method of choice. On the contrary, at present time,
[45]
according to the recent EASL guidelines , in patients
with CHC, the stage of fibrosis can be assessed prior to
the treatment by non-invasive methods: liver stiffness
measurement or well-established panels of biomarkers.
However, these methods perform well in identifying
cirrhosis or no fibrosis but are less reliable in resolving
intermediate degrees of fibrosis. The combination
of both methods (liver stiffness measurement and a
blood test) may improve their accuracy and reduce

WJG|www.wjgnet.com

the need for liver biopsy to resolve uncertainty
.
[49]
Castera
proposed an algorithm for treatment-naïve
patients with CHC, that combines two unrelated noninvasive methods: transient elastography (TE) and
serum biomarker as first-line assay of fibrosis stage.
According to this algorithm, liver biopsy might be
necessary in patients infected with HCV genotype 1
or 4, before the treatment, if the results of TE and
[49]
biomarker test are discordant . Histopathological eva
luation is also needed in cases of potential additional
etiologies (HBV infection, metabolic syndrome,
[45]
alcoholism or autoimmunity) . It is essential to
identify the adjunctive liver lesions like autoimmune
hepatitis (especially in patients with positive LKM1 auto
antibodies) or steatosis, which is a prognostic factor
[44,50]
for the treatment response
. In pediatric patients,
although several non-invasive tests alternative to liver
biopsy have been investigated, none of them was
validated so far and therefore this recommendation
of EASL to replace liver biopsy by non-invasive tests
should be approached with caution in children with
CHC.
Antiviral treatment is indicated in all treatmentnaive and treatment-experienced patients with
compensated and decompensated liver disease due
[45]
to HCV infection . However, some prioritization
of patients is necessary. One of the main factors
considered is liver fibrosis (Table 3).

COINFECTIONS
Coinfection with HBV/HCV is usually associated
with more severe liver disease, and with a frequent
progression to cirrhosis and HCC compared to
[13]
the monoinfection with either virus . However,
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there is some evidence on a reciprocal replicative
[13,51]
suppression between both viruses
. A recent
study on pediatric patients showed that HBV/HCV
coinfection is an independent predictor of moderate[52]
to-severe necroinflammatory activity
(Table 2). In
patients with CHB, the HDV coinfection may lead to
more severe liver disease with accelerated fibrosis
progression, an earlier hepatic decompensation, and
[13,53]
an increased risk for HCC
. A potential or confirmed
mixed etiology of the liver disease is considered as
an indication for a liver biopsy and histopathological
[45,50]
evaluation
.

COMPLICATIONS AND
CONTRAINDICATIONS
In general, complications after liver biopsy are
[3]
rare . It is estimated that 0.9% patients suffer from
complications requiring hospitalization associated with
[13]
percutaneous liver biopsy . The most commonly
reported complication is transient and localized
abdominal pain and/or right shoulder discomfort,
[3,54]
which occur in 20%-84% of patients
. Pain after
liver biopsy is usually mild, well tolerated, and easily
[2]
controlled by minor analgesia . Major complications
occur with the prevalence of 0%-4.6% and include:
hemorrhage, pneumothorax, hemothorax, visceral
perforation, cholangitis, bile leak, bile peritonitis,
hemobilia, infection, arteriovenous fistula, neuralgia,
[1,3]
sedation-related injury . The risk of death following
[2]
liver biopsy in adults is estimated at 1:10000 cases .
In one study performed in children, 3 deaths have
been reported among 469 patients (0.6%), all these
patients had a history of malignancy or hematological
[55]
disease . In other two recent studies, no death was
[56,57]
reported among pediatric patients
.
Contraindications for liver biopsy are rather relative
than absolute. The most common contraindication
is severe coagulopathy. There are no specific cutoffs
for laboratory parameters for impaired hemostasis,
and every center at which liver biopsy is performed
should define ranges for coagulation parameters that
either preclude liver biopsy or require blood product
[1,3]
administration . However, INR > 1.5 and platelet
count < 60000/mL usually indicate an increased risk
[1,3]
of bleeding . In case of high-risk patients (with
coagulopathy and severe liver disease, pancytopaenia,
or clinically evident ascites ascites) and in patients with
contraindications to percutaneous liver biopsy (e.g.,
haematological conditions), a transjugular instead of
[1,2]
percutaneous approach is recommended . Morbid
obesity, possible vascular lesions, extrahepatic biliary
obstruction, and bacterial cholangitis are other potential
[1,3]
contraindications to percutaneous liver biopsy .

PROBLEMS AND LIMITATIONS
Since liver biopsy is an invasive procedure, it is
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frequently more complicated and more expensive in
pediatric patients compared to adults. There are often
technical problems with obtaining appropriate tissue
specimen because of the size of the patient and/or
[3]
liver . In chronic hepatitis, sample size can affect the
diagnostic accuracy of liver biopsy specimen because it
is estimated that the biopsy represents approximately
[10]
only 1/50000 of the total mass of the liver . Thus,
[3]
the sampling error can approach 20%-30% . It
is estimated that at least 11 complete portal tracts
and a biopsy specimen of at least 20 mm length are
[58,59]
required for an accurate diagnosis
. Bedossa et
[60]
al
demonstrated that for reliable staging of fibrosis
in patients with CHC, a 25 mm biopsy specimen length
is adequate to overcome variation due to sampling. In
pediatric patients it is frequently not achieved due to
the size of the patient or liver.
Another important issue is the interpreter. There
is a well-recognized possibility of inter- and intraobserver variability in the assessment of liver biopsy
specimen, which may be a major potential limiting
[61,62]
factor in liver biopsy interpretations
. Diagnostic
errors made by pathologists without specialty
experience in pediatric liver diseases were reported
[63]
in more than 25% of samples . However, when the
pathologist interpreting the specimen has subspecialty
expertise in liver histopathology and over 10 years of
experience at an academic center, it leads to improved
consistency and accuracy, minimizing problems related
[64]
to the sample size .

ALTERNATIVES TO LIVER BIOPSY
Limitations of liver biopsy have paved the way for the
development of new alternative non-invasive methods
of evaluation of liver disease. In case of chronic viral
hepatitis, novel imaging studies (elastography) and
combinations of biomarkers are used.
Elastography enables determination of liver fibrosis
by measuring liver tissue mechanical properties, in
particular its stiffness (elasticity), which is reduced in
[1,3,65]
case of fibrosis
. Elastography techniques include
TE, acoustic radiation force impulse imaging (ARFI),
shear wave elastography (SWE), and magnetic
resonance elastography (elasto-MR). TE is the most
commonly used method based on shear wave, which
is generated by an external mechanical impulse. Its
speed is measured by an ultrasound one-dimensional
probe. The elasticity is measured at depth ranging
from 25 mm to 65 mm in a 1 cm × 4 cm area,
which makes the assessed liver volume two hundred
times greater than that examined during the liver
[65]
biopsy . Since 2008, liver stiffness can be measured
also in small children, since a new probe with a
smaller diameter (S-probe 5 mm) compared to the
regular probe (M-probe 7 mm) is available. ARFI is
a new method for quantifying elasticity of tissue by
measuring the shear wave velocity induced without
manual compression, but using acoustic radiation
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Table 4 Diagnostic performance of the main non-invasive methods used to determine significant liver fibrosis (METAVIR F ≥ 2)
and cirrhosis (METAVIR F4) in adult and pediatric patients
Test
Fibrotest
Fibrotest
Fibrotest
APRI
APRI
TE
TE
TE
TE
TE
TE
TE
TE
ARFI

Patients (n )
3501
1457
1161
6259
1161
251
183
165
400
173
175
1161
301
911

Disease

AUROC

HCV
HBV
Chronic liver disease
HCV
Chronic liver disease
HCV
HCV
HCV
HCV
HBV
HBV
Chronic liver disease
HCV
HCV

Ref.

F≥2

F4

0.85
0.80
0.77
0.79
0.83
0.88
0.818
0.81
0.95
0.815
0.792

0.73
0.83
0.73
0.97
0.95
0.90
0.932
0.93
0.98
0.88
1.00
0.842

Poynard et al[82]
Poynard et al[82]
de Lédinghen et al[69]
Lin et al[83]
de Lédinghen et al[69]
Ziol et al[84]
Castéra et al[47]
Nitta et al[85]
Sporea et al[86]
Marcellin et al[87]
Zhu et al[88]
de Lédinghen et al[69]
Awad et al[89]
Sporea et al[86]

1

Children. AUROC: Area under the receiver operator characteristic curve; APRI: Aspartate-to-platelet ratio index; ARFI: Acoustic Radiation Force Impulse
Imaging; TE: Transient elastography; HCV: Hepatitis C virus.

propagating in the tissue. ARFI provides a single onedimensional measurement of tissue elasticity and is
performed using a conventional ultrasound diagnostic
device. SWE is a novel method introduced in 2005,
based on the generation of a radiation force and
measuring the shear wave propagation speed in the
liver tissue. SWE provides a real time two-dimensional
map of tissue elasticity and, as ARFI, it is incorporated
into a conventional ultrasound diagnostic device.
Elasto-MR is a technique, which can diagnose severe
[66]
fibrosis or cirrhosis with high accuracy ; however, it
is an expensive and currently not available method for
[1,3]
the clinical use .
Many combinations of serum biomarkers, mea
sured in routine blood tests, were evaluated for their
ability to indicate alterations in hepatic function and
[49]
to determine stage of liver fibrosis . The simplest
one is aspartate-to-platelet ratio index (APRI). In case
of chronic viral hepatitis, the most commonly used
biomarker test is Fibrotest, which combines alpha-2
macroglobulin, haptoglobin, GGT, apolipoprotein A1,
[67]
and total bilirubin serum levels .
The diagnostic performance of non-invasive
methods is evaluated by calculation of the area under
the receiver operator characteristic curve (AUROC),
with liver biopsy as a reference standard. An analyzed
method is defined as being perfect when the AUROC
is 100%, excellent if AUROC is over 90%, and
[49,65]
good if AUROC is over 80%
. In clinical studies,
detection of significant fibrosis (METAVIR F ≥ 2) and
detection of cirrhosis (METAVIR F4) are considered
[49]
as relevant end points . The non-invasive methods
have been evaluated for their ability to determine
stage of liver fibrosis mainly in adult patients with
CHC and less frequently with CHB. Data regarding
evaluation of this methods in children are only
sparse and inconsistent (Table 4). In adults, different
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elastography methods show sensitivity and specificity
[68]
of almost 90% in detecting advanced fibrosis . In
limited pediatric studies, TE accurately discriminated
patients with severe fibrosis or cirrhosis from those
[69,70]
without fibrosis
. However, elastography does
not enable differentiation between stages of fibrosis
and, to date, only a few studies have correlated liver
stiffness as assessed by elastography with histological
[71]
staging of fibrosis in pediatric patients . In addition,
the role of this method is limited in patients with
edema, inflammation, extrahepatic cholestasis, and
[72]
congestion, which can also dampen elasticity .
The role of biomarker tests was analyzed in several
[69,73-76]
cohorts of patients, including children
. As for
the liver stiffness measurement, biomarkers identify
the cirrhosis or no fibrosis, but they fail to resolve
[45]
intermediate degrees of fibrosis . In addition, there
is some evidence on discordance between Fibrotest
and METAVIR scores in children with CHC and
[75,76]
CHB
. According to the international experts, the
non-invasive methods used to assess the stage of
liver fibrosis are still not fully validated; they do not
evaluate necroinflammatory activity, and therefore
cannot substitute for liver biopsy in children with
[22]
chronic viral hepatitis .

CONCLUSION
For the evaluation of necroinflammation and fibrosis
in pediatric patients with chronic viral hepatitis, liver
biopsy remains a gold standard despite its invasive
procedure. Until the non-invasive methods of grading
and staging of the chronic liver disease in children are
fully validated, histological evaluation remains crucial
for monitoring liver disease severity and for therapeutic
management decisions. Further prospective studies
on larger cohorts of pediatric patients are required
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before liver biopsy could be replaced by non-invasive
methods in children suffering from chronic HBV or HCV
infection.

18

REFERENCES

20

1
2

3

4

5
6
7
8
9

10
11

12

13
14

15
16
17

Dezsőfi A, Knisely AS. Liver biopsy in children 2014: who, whom,
what, when, where, why? Clin Res Hepatol Gastroenterol 2014;
38: 395-398 [PMID: 24924903 DOI: 10.1016/j.clinre.2014.05.002]
Dezsőfi A, Baumann U, Dhawan A, Durmaz O, Fischler B,
Hadzic N, Hierro L, Lacaille F, McLin VA, Nobili V, Socha P,
Vajro P, Knisely AS. Liver biopsy in children: position paper of
the ESPGHAN Hepatology Committee. J Pediatr Gastroenterol
Nutr 2015; 60: 408-420 [PMID: 25383787 DOI: 10.1097/
MPG.0000000000000632]
Ovchinsky N, Moreira RK, Lefkowitch JH, Lavine JE. Liver
biopsy in modern clinical practice: a pediatric point-of-view. Adv
Anat Pathol 2012; 19: 250-262 [PMID: 22692288 DOI: 10.1097/
PAP.0b013e31825c6a20]
Lindor KD, Bru C, Jorgensen RA, Rakela J, Bordas JM, Gross
JB, Rodes J, McGill DB, Reading CC, James EM, Charboneau JW,
Ludwig J, Batts KP, Zinsmeister AR. The role of ultrasonography
and automatic-needle biopsy in outpatient percutaneous liver
biopsy. Hepatology 1996; 23: 1079-1083 [PMID: 8621137]
Stone MA, Mayberry JF. An audit of ultrasound guided liver
biopsies: a need for evidence-based practice. Hepatogastro
enterology 1996; 43: 432-434 [PMID: 8714240]
Lefkowitch JH. Liver biopsy assessment in chronic hepatitis. Arch
Med Res 2007; 38: 634-643 [PMID: 17613355 DOI: 10.1016/
j.arcmed.2006.08.005]
Guido M, Mangia A, Faa G. Chronic viral hepatitis: the histology
report. Dig Liver Dis 2011; 43 Suppl 4: S331-S343 [PMID:
21459339 DOI: 10.1016/S1590-8658(11)60589-6]
Ishak KG. Pathologic features of chronic hepatitis. A review and
update. Am J Clin Pathol 2000; 113: 40-55 [PMID: 10631857
DOI: 10.1309/42D6-W7PL-FX0A-LBXF]
Nair V, Fischer SE, Adeyi OA. Non-viral-related pathologic
findings in liver needle biopsy specimens from patients with
chronic viral hepatitis. Am J Clin Pathol 2010; 133: 127-132 [PMID:
20023268 DOI: 10.1309/AJCP8D7ILBHPSDOK]
Hudacko R, Theise N. Liver biopsies in chronic viral hepatitis:
beyond grading and staging. Arch Pathol Lab Med 2011; 135:
1320-1328 [PMID: 21970487 DOI: 10.5858/arpa.2011-0021-RA]
Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 1997; 349:
825-832 [PMID: 9121257]
Brunt EM. Grading and staging the histopathological lesions of
chronic hepatitis: the Knodell histology activity index and beyond.
Hepatology 2000; 31: 241-246 [PMID: 10613753 DOI: 10.1002/
hep.510310136]
Fiel MI. Pathology of chronic hepatitis B and chronic hepatitis
C. Clin Liver Dis 2010; 14: 555-575 [PMID: 21055682 DOI:
10.1016/j.cld.2010.07.001]
Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz
N, Kiernan TW, Wollman J. Formulation and application of a
numerical scoring system for assessing histological activity in
asymptomatic chronic active hepatitis. Hepatology 1981; 1:
431-435 [PMID: 7308988]
Bedossa P, Poynard T. An algorithm for the grading of activity
in chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 1996; 24: 289-293 [PMID: 8690394]
Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ.
Classification of chronic hepatitis: diagnosis, grading and staging.
Hepatology 1994; 19: 1513-1520 [PMID: 8188183]
Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F,
Denk H, Desmet V, Korb G, MacSween RN. Histological grading
and staging of chronic hepatitis. J Hepatol 1995; 22: 696-699
[PMID: 7560864]

WJG|www.wjgnet.com

19

21
22

23

24

25
26

27
28
29

30

31

32

33

34

35
36

12147

Batts KP, Ludwig J. Chronic hepatitis. An update on terminology
and reporting. Am J Surg Pathol 1995; 19: 1409-1417 [PMID:
7503362]
Scheuer PJ. Classification of chronic viral hepatitis: a need for
reassessment. J Hepatol 1991; 13: 372-374 [PMID: 1808228]
Theise ND. Liver biopsy assessment in chronic viral hepatitis: a
personal, practical approach. Mod Pathol 2007; 20 Suppl 1: S3-S14
[PMID: 17486049 DOI: 10.1038/modpathol.3800693]
Paganelli M, Stephenne X, Sokal EM. Chronic hepatitis B in
children and adolescents. J Hepatol 2012; 57: 885-896 [PMID:
22634122 DOI: 10.1016/j.jhep.2012.03.036]
Sokal EM, Paganelli M, Wirth S, Socha P, Vajro P, Lacaille F,
Kelly D, Mieli-Vergani G. Management of chronic hepatitis B in
childhood: ESPGHAN clinical practice guidelines: consensus of
an expert panel on behalf of the European Society of Pediatric
Gastroenterology, Hepatology and Nutrition. J Hepatol 2013; 59:
814-829 [PMID: 23707367 DOI: 10.1016/j.jhep.2013.05.016]
European Association For The Study Of The Liver. EASL
clinical practice guidelines: Management of chronic hepatitis B
virus infection. J Hepatol 2012; 57: 167-185 [PMID: 22436845
DOI: 10.1016/j.jhep.2012.02.010]
Kowalik-Mikołajewska B, Aniszewska M, Pokorska-Śpiewak M.
[Mother-to-child HBV transmission--atypical course of hepatitis
B in an infant]. Med Wieku Rozwoj 2012; 16: 149-153 [PMID:
22971660]
Davison S. Management of chronic hepatitis B infection. Arch
Dis Child 2014; 99: 1037-1042 [PMID: 24812303 DOI: 10.1136/
archdischild-2013-304925]
Della Corte C, Nobili V, Comparcola D, Cainelli F, Vento S.
Management of chronic hepatitis B in children: an unresolved
issue. J Gastroenterol Hepatol 2014; 29: 912-919 [PMID:
24863185 DOI: 10.1111/jgh.12550]
McMahon BJ. The natural history of chronic hepatitis B virus
infection. Hepatology 2009; 49: S45-S55 [PMID: 19399792 DOI:
10.1002/hep.22898]
Chang MH. Natural history and clinical management of chronic
hepatitis B virus infection in children. Hepatol Int 2008; 2: 28-36
[PMID: 19669296 DOI: 10.1007/s12072-008-9050-9]
Jonas MM, Block JM, Haber BA, Karpen SJ, London WT,
Murray KF, Narkewicz MR, Rosenthal P, Schwarz KB, McMahon
BJ. Treatment of children with chronic hepatitis B virus infection
in the United States: patient selection and therapeutic options.
Hepatology 2010; 52: 2192-2205 [PMID: 20890947 DOI: 10.1002/
hep.23934]
Mozer-Lisewska I, Słuzewski W, Mania A, Walewska-Zielecka
B, Bujnowska A, Kowala-Piaskowska A, Figlerowicz M.
Histopathological evaluation of liver biopsy specimens in children
with chronic hepatitis B. Hepatol Res 2006; 34: 9-14 [PMID:
16364682 DOI: 10.1016/j.hepres.2005.10.008]
Hom X, Little NR, Gardner SD, Jonas MM. Predictors of virologic
response to Lamivudine treatment in children with chronic
hepatitis B infection. Pediatr Infect Dis J 2004; 23: 441-445 [PMID:
15131468]
Sokal EM, Conjeevaram HS, Roberts EA, Alvarez F, Bern EM,
Goyens P, Rosenthal P, Lachaux A, Shelton M, Sarles J, Hoofnagle
J. Interferon alfa therapy for chronic hepatitis B in children: a
multinational randomized controlled trial. Gastroenterology 1998;
114: 988-995 [PMID: 9558288]
Yu MW, Chang HC, Liaw YF, Lin SM, Lee SD, Liu CJ, Chen
PJ, Hsiao TJ, Lee PH, Chen CJ. Familial risk of hepatocellular
carcinoma among chronic hepatitis B carriers and their relatives. J
Natl Cancer Inst 2000; 92: 1159-1164 [PMID: 10904089]
Jara P, Bortolotti F. Interferon-alpha treatment of chronic hepatitis
B in childhood: a consensus advice based on experience in
European children. J Pediatr Gastroenterol Nutr 1999; 29: 163-170
[PMID: 10435653]
Pembrey L, Newell ML, Tovo PA. The management of HCV
infected pregnant women and their children European paediatric
HCV network. J Hepatol 2005; 43: 515-525 [PMID: 16144064]
Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST. Global

November 14, 2015|Volume 21|Issue 42|

Pokorska-Śpiewak M et al . Biopsy in children with viral hepatitis

37

38

39

40

41
42

43

44

45
46

47

48

49
50
51

epidemiology of hepatitis C virus infection: new estimates of agespecific antibody to HCV seroprevalence. Hepatology 2013; 57:
1333-1342 [PMID: 23172780 DOI: 10.1002/hep.26141]
Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC, RoudotThoraval F. The burden of liver disease in Europe: a review of
available epidemiological data. J Hepatol 2013; 58: 593-608
[PMID: 23419824 DOI: 10.1016/j.jhep.2012.12.005]
Missiha SB, Ostrowski M, Heathcote EJ. Disease progression
in chronic hepatitis C: modifiable and nonmodifiable factors.
Gastroenterology 2008; 134: 1699-1714 [PMID: 18471548 DOI:
10.1053/j.gastro.2008.02.069]
Bortolotti F, Verucchi G, Cammà C, Cabibbo G, Zancan L, Indolfi
G, Giacchino R, Marcellini M, Marazzi MG, Barbera C, Maggiore
G, Vajro P, Bartolacci S, Balli F, Maccabruni A, Guido M. Longterm course of chronic hepatitis C in children: from viral clearance
to end-stage liver disease. Gastroenterology 2008; 134: 1900-1907
[PMID: 18439604 DOI: 10.1053/j.gastro.2008.02.082]
Badizadegan K, Jonas MM, Ott MJ, Nelson SP, Perez-Atayde AR.
Histopathology of the liver in children with chronic hepatitis C
viral infection. Hepatology 1998; 28: 1416-1423 [PMID: 9794930
DOI: 10.1002/hep.510280534]
European Paediatric Hepatitis C Virus Network. Three broad
modalities in the natural history of vertically acquired hepatitis C
virus infection. Clin Infect Dis 2005; 41: 45-51 [PMID: 15937762]
Mohan P, Colvin C, Glymph C, Chandra RR, Kleiner DE, Patel
KM, Luban NL, Alter HJ. Clinical spectrum and histopathologic
features of chronic hepatitis C infection in children. J Pediatr
2007; 150: 168-174, 174.e1 [PMID: 17236895 DOI: 10.1016/
j.jpeds.2006.11.037]
Mohan P, Barton BA, Narkewicz MR, Molleston JP, GonzalezPeralta RP, Rosenthal P, Murray KF, Haber B, Schwarz KB,
Goodman ZD. Evaluating progression of liver disease from repeat
liver biopsies in children with chronic hepatitis C: a retrospective
study. Hepatology 2013; 58: 1580-1586 [PMID: 23703847 DOI:
10.1002/hep.26519]
Wirth S, Kelly D, Sokal E, Socha P, Mieli-Vergani G, Dhawan A,
Lacaille F, Saint Raymond A, Olivier S, Taminiau J. Guidance for
clinical trials for children and adolescents with chronic hepatitis C.
J Pediatr Gastroenterol Nutr 2011; 52: 233-237 [PMID: 21076340
DOI: 10.1097/MPG.0b013e3181f6f09c]
European Association for Study of Liver. EASL Recom
mendations on Treatment of Hepatitis C 2015. J Hepatol 2015; 63:
199-236 [PMID: 25911336]
Goodman ZD, Makhlouf HR, Liu L, Balistreri W, GonzalezPeralta RP, Haber B, Jonas MM, Mohan P, Molleston JP, Murray
KF, Narkewicz MR, Rosenthal P, Smith LJ, Robuck PR, Schwarz
KB. Pathology of chronic hepatitis C in children: liver biopsy
findings in the Peds-C Trial. Hepatology 2008; 47: 836-843 [PMID:
18167062 DOI: 10.1002/hep.22094]
Castéra L, Vergniol J, Foucher J, Le Bail B, Chanteloup E,
Haaser M, Darriet M, Couzigou P, De Lédinghen V. Prospective
comparison of transient elastography, Fibrotest, APRI, and liver
biopsy for the assessment of fibrosis in chronic hepatitis C.
Gastroenterology 2005; 128: 343-350 [PMID: 15685546]
Castéra L, Sebastiani G, Le Bail B, de Lédinghen V, Couzigou P,
Alberti A. Prospective comparison of two algorithms combining
non-invasive methods for staging liver fibrosis in chronic hepatitis
C. J Hepatol 2010; 52: 191-198 [PMID: 20006397 DOI: 10.1016/
j.jhep.2009.11.008]
Castera L. Noninvasive methods to assess liver disease in patients
with hepatitis B or C. Gastroenterology 2012; 142: 1293-1302.e4
[PMID: 22537436 DOI: 10.1053/j.gastro.2012.02.017]
Guido M, Bortolotti F. Chronic viral hepatitis in children: any
role for the pathologist? Gut 2008; 57: 873-877 [PMID: 18559378
DOI: 10.1136/gut.2007.139410]
Bellecave P, Gouttenoire J, Gajer M, Brass V, Koutsoudakis G,
Blum HE, Bartenschlager R, Nassal M, Moradpour D. Hepatitis B
and C virus coinfection: a novel model system reveals the absence
of direct viral interference. Hepatology 2009; 50: 46-55 [PMID:
19333911 DOI: 10.1002/hep.22951]

WJG|www.wjgnet.com

52

53

54

55
56

57

58

59
60
61

62

63
64

65
66

67

68
69

12148

Pokorska-Śpiewak M, Kowalik-Mikołajewska B, Aniszewska M,
Walewska-Zielecka B, Marczyńska M. The influence of hepatitis
B and C virus coinfection on liver histopathology in children. Eur
J Pediatr 2015; 174: 345-353 [PMID: 25172445 DOI: 10.1007/
s00431-014-2402-7]
Wedemeyer H, Manns MP. Epidemiology, pathogenesis and
management of hepatitis D: update and challenges ahead. Nat Rev
Gastroenterol Hepatol 2010; 7: 31-40 [PMID: 20051970 DOI:
10.1038/nrgastro.2009.205]
Eisenberg E, Konopniki M, Veitsman E, Kramskay R, Gaitini
D, Baruch Y. Prevalence and characteristics of pain induced by
percutaneous liver biopsy. Anesth Analg 2003; 96: 1392-1396,
table of contents [PMID: 12707140]
Cohen MB, A-Kader HH, Lambers D, Heubi JE. Complications of
percutaneous liver biopsy in children. Gastroenterology 1992; 102:
629-632 [PMID: 1732131]
Amaral JG, Schwartz J, Chait P, Temple M, John P, Smith C,
Taylor G, Connolly B. Sonographically guided percutaneous liver
biopsy in infants: a retrospective review. AJR Am J Roentgenol
2006; 187: W644-W649 [PMID: 17114519]
Westheim BH, Østensen AB, Aagenæs I, Sanengen T, Almaas R.
Evaluation of risk factors for bleeding after liver biopsy in children.
J Pediatr Gastroenterol Nutr 2012; 55: 82-87 [PMID: 22249806
DOI: 10.1097/MPG.0b013e318249c12a]
Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of liver
biopsy size on histological evaluation of chronic viral hepatitis:
the smaller the sample, the milder the disease. J Hepatol 2003; 39:
239-244 [PMID: 12873821]
Guido M, Rugge M. Liver biopsy sampling in chronic viral
hepatitis. Semin Liver Dis 2004; 24: 89-97 [PMID: 15085489 DOI:
10.1055/s-2004-823103]
Bedossa P, Dargère D, Paradis V. Sampling variability of liver
fibrosis in chronic hepatitis C. Hepatology 2003; 38: 1449-1457
[PMID: 14647056 DOI: 10.1016/j.hep.2003.09.022]
Woynarowski M, Cielecka-Kuszyk J, Kałuzyński A, Omulecka
A, Sobaniec-Łotowska M, Stolarczyk J, Szczepański W. Interobserver variability in histopathological assessment of liver
biopsies taken in a pediatric open label therapeutic program for
chronic HBV infection treatment. World J Gastroenterol 2006; 12:
1713-1717 [PMID: 16586539]
Intraobserver and interobserver variations in liver biopsy
interpretation in patients with chronic hepatitis C. The French
METAVIR Cooperative Study Group. Hepatology 1994; 20: 15-20
[PMID: 8020885]
Hahm GK, Niemann TH, Lucas JG, Frankel WL. The value of
second opinion in gastrointestinal and liver pathology. Arch Pathol
Lab Med 2001; 125: 736-739 [PMID: 11371223]
Rousselet MC, Michalak S, Dupré F, Croué A, Bedossa P, SaintAndré JP, Calès P. Sources of variability in histological scoring
of chronic viral hepatitis. Hepatology 2005; 41: 257-264 [PMID:
15660389 DOI: 10.1002/hep.20535]
Frulio N, Trillaud H. Ultrasound elastography in liver. Diagn
Interv Imaging 2013; 94: 515-534 [PMID: 23623211 DOI:
10.1016/j.diii.2013.02.005]
Rustogi R, Horowitz J, Harmath C, Wang Y, Chalian H, Ganger
DR, Chen ZE, Bolster BD, Shah S, Miller FH. Accuracy of MR
elastography and anatomic MR imaging features in the diagnosis
of severe hepatic fibrosis and cirrhosis. J Magn Reson Imaging
2012; 35: 1356-1364 [PMID: 22246952 DOI: 10.1002/jmri.23585]
Imbert-Bismut F, Messous D, Thibault V, Myers RB, Piton A,
Thabut D, Devers L, Hainque B, Mercadier A, Poynard T. Intralaboratory analytical variability of biochemical markers of fibrosis
(Fibrotest) and activity (Actitest) and reference ranges in healthy
blood donors. Clin Chem Lab Med 2004; 42: 323-333 [PMID:
15080567 DOI: 10.1515/CCLM.2004.058]
Nguyen D, Talwalkar JA. Noninvasive assessment of liver fibrosis.
Hepatology 2011; 53: 2107-2110 [PMID: 21547935 DOI: 10.1002/
hep.24401]
de Lédinghen V, Le Bail B, Rebouissoux L, Fournier C, Foucher
J, Miette V, Castéra L, Sandrin L, Merrouche W, Lavrand F,

November 14, 2015|Volume 21|Issue 42|

Pokorska-Śpiewak M et al . Biopsy in children with viral hepatitis

70

71

72
73

74

75

76

77

78

79

80

Lamireau T. Liver stiffness measurement in children using
FibroScan: feasibility study and comparison with Fibrotest,
aspartate transaminase to platelets ratio index, and liver biopsy. J
Pediatr Gastroenterol Nutr 2007; 45: 443-450 [PMID: 18030211
DOI: 10.1097/MPG.0b013e31812e56ff]
Nobili V, Vizzutti F, Arena U, Abraldes JG, Marra F, Pietrobattista
A, Fruhwirth R, Marcellini M, Pinzani M. Accuracy and
reproducibility of transient elastography for the diagnosis of
fibrosis in pediatric nonalcoholic steatohepatitis. Hepatology 2008;
48: 442-448 [PMID: 18563842 DOI: 10.1002/hep.22376]
Shin NY, Kim MJ, Lee MJ, Han SJ, Koh H, Namgung R, Park
YN. Transient elastography and sonography for prediction of liver
fibrosis in infants with biliary atresia. J Ultrasound Med 2014; 33:
853-864 [PMID: 24764341 DOI: 10.7863/ultra.33.5.853]
Ferraioli G, Parekh P, Levitov AB, Filice C. Shear wave
elastography for evaluation of liver fibrosis. J Ultrasound Med
2014; 33: 197-203 [PMID: 24449721 DOI: 10.7863/ultra.33.2.197]
Friedrich-Rust M, Rosenberg W, Parkes J, Herrmann E, Zeuzem
S, Sarrazin C. Comparison of ELF, FibroTest and FibroScan for
the non-invasive assessment of liver fibrosis. BMC Gastroenterol
2010; 10: 103 [PMID: 20828377 DOI: 10.1186/1471-230X-10-103
]
Halfon P, Bourliere M, Deydier R, Botta-Fridlund D, Renou C,
Tran A, Portal I, Allemand I, Bertrand JJ, Rosenthal-Allieri A,
Rotily M, Sattonet C, Benderitter T, Saint Paul MC, Bonnot HP,
Penaranda G, Degott C, Masseyeff MF, Ouzan D. Independent
prospective multicenter validation of biochemical markers
(fibrotest-actitest) for the prediction of liver fibrosis and activity
in patients with chronic hepatitis C: the fibropaca study. Am J
Gastroenterol 2006; 101: 547-555 [PMID: 16542291]
Hermeziu B, Messous D, Fabre M, Munteanu M, Baussan C,
Bernard O, Poynard T, Jacquemin E. Evaluation of FibroTestActiTest in children with chronic hepatitis C virus infection.
Gastroenterol Clin Biol 2010; 34: 16-22 [PMID: 19726147 DOI:
10.1016/j.gcb.2009.06.007]
Sökücü S, Gökçe S, Güllüoğlu M, Aydoğan A, Celtik C, Durmaz
O. The role of the non-invasive serum marker FibroTest-ActiTest
in the prediction of histological stage of fibrosis and activity in
children with naïve chronic hepatitis B infection. Scand J Infect
Dis 2010; 42: 699-703 [PMID: 20429710 DOI: 10.3109/00365541
003774616]
Boxall EH, Sira J, Standish RA, Davies P, Sleight E, Dhillon AP,
Scheuer PJ, Kelly DA. Natural history of hepatitis B in perinatally
infected carriers. Arch Dis Child Fetal Neonatal Ed 2004; 89:
F456-F460 [PMID: 15321970 DOI: 10.1136/adc.2002.009837]
Dzierzanowska-Fangrat K, Woynarowski M, Szczygielska I,
Jozwiak P, Cielecka-Kuszyk J, Dzierzanowska D, Madalinski K.
Hepatitis B virus genotypes in children with chronic hepatitis B in
Poland. Eur J Gastroenterol Hepatol 2006; 18: 655-658 [PMID:
16702856]
Guido M, Bortolotti F, Leandro G, Jara P, Hierro L, Larrauri J,
Barbera C, Giacchino R, Zancan L, Balli F, Crivellaro C, Cristina
E, Pucci A, Rugge M. Fibrosis in chronic hepatitis C acquired in
infancy: is it only a matter of time? Am J Gastroenterol 2003; 98:
660-663 [PMID: 12650803]
Guido M, Rugge M, Jara P, Hierro L, Giacchino R, Larrauri J,
Zancan L, Leandro G, Marino CE, Balli F, Bagni A, Timitilli A,

81

82

83

84

85

86

87

88

89

Bortolotti F. Chronic hepatitis C in children: the pathological and
clinical spectrum. Gastroenterology 1998; 115: 1525-1529 [PMID:
9834281]
Kage M, Fujisawa T, Shiraki K, Tanaka T, Fujisawa T, Kimura
A, Shimamatsu K, Nakashima E, Kojiro M, Koike M, Tazawa Y,
Abukawa D, Okaniwa M, Takita H, Matsui A, Hayashi T, Etou T,
Terasawa S, Sugiyama K, Tajiri H, Yoden A, Kajiwara Y, Sata M,
Uchimura Y. Pathology of chronic hepatitis C in children. Child
Liver Study Group of Japan. Hepatology 1997; 26: 771-775 [PMID:
9303511 DOI: 10.1002/hep.510260333]
Poynard T, Morra R, Halfon P, Castera L, Ratziu V, ImbertBismut F, Naveau S, Thabut D, Lebrec D, Zoulim F, Bourliere
M, Cacoub P, Messous D, Munteanu M, de Ledinghen V. Metaanalyses of FibroTest diagnostic value in chronic liver disease.
BMC Gastroenterol 2007; 7: 40 [PMID: 17937811]
Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan SH, Sun
Y, Xuan SY. Performance of the aspartate aminotransferase-toplatelet ratio index for the staging of hepatitis C-related fibrosis:
an updated meta-analysis. Hepatology 2011; 53: 726-736 [PMID:
21319189 DOI: 10.1002/hep.24105]
Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F,
Kazemi F, de Lédinghen V, Marcellin P, Dhumeaux D, Trinchet
JC, Beaugrand M. Noninvasive assessment of liver fibrosis by
measurement of stiffness in patients with chronic hepatitis C.
Hepatology 2005; 41: 48-54 [PMID: 15690481 DOI: 10.1002/
hep.20506]
Nitta Y, Kawabe N, Hashimoto S, Harata M, Komura N,
Kobayashi K, Arima Y, Shimazaki H, Nakano T, Murao M, Ichino
N, Osakabe K, Aoki H, Hosoe Y, Sugiyama H, Nishikawa T,
Yoshioka K. Liver stiffness measured by transient elastography
correlates with fibrosis area in liver biopsy in patients with chronic
hepatitis C. Hepatol Res 2009; 39: 675-684 [PMID: 19261000
DOI: 10.1111/j.1872-034X.2009.00500.x]
Sporea I, Bota S, Peck-Radosavljevic M, Sirli R, Tanaka H, Iijima
H, Badea R, Lupsor M, Fierbinteanu-Braticevici C, Petrisor A,
Saito H, Ebinuma H, Friedrich-Rust M, Sarrazin C, Takahashi H,
Ono N, Piscaglia F, Borghi A, D’Onofrio M, Gallotti A, Ferlitsch
A, Popescu A, Danila M. Acoustic Radiation Force Impulse
elastography for fibrosis evaluation in patients with chronic hepatitis
C: an international multicenter study. Eur J Radiol 2012; 81:
4112-4118 [PMID: 23000186 DOI: 10.1016/j.ejrad.2012.08.018]
Marcellin P, Ziol M, Bedossa P, Douvin C, Poupon R, de
Lédinghen V, Beaugrand M. Non-invasive assessment of liver
fibrosis by stiffness measurement in patients with chronic hepatitis
B. Liver Int 2009; 29: 242-247 [PMID: 18637064 DOI: 10.1111/
j.1478-3231.2008.01802.x]
Zhu X, Wang LC, Chen EQ, Chen XB, Chen LY, Liu L, Lei
XZ, Liu C, Tang H. Prospective evaluation of FibroScan for the
diagnosis of hepatic fibrosis compared with liver biopsy/AST
platelet ratio index and FIB-4 in patients with chronic HBV
infection. Dig Dis Sci 2011; 56: 2742-2749 [PMID: 21399926
DOI: 10.1007/s10620-011-1659-1]
Awad Mel-D, Shiha GE, Sallam FA, Mohamed A, El Tawab A.
Evaluation of liver stiffness measurement by fibroscan as compared
to liver biopsy for assessment of hepatic fibrosis in children with
chronic hepatitis C. J Egypt Soc Parasitol 2013; 43: 805-819
[PMID: 24640880]
P- Reviewer: Akarsu M S- Editor: Qi Y L- Editor: A
E- Editor: Ma S

WJG|www.wjgnet.com

12149

November 14, 2015|Volume 21|Issue 42|

World J Gastroenterol 2015 November 14; 21(42): 12150-12156
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i42.12150

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Oncogenic role of p21 in hepatocarcinogenesis suggests a
new treatment strategy
Shogo Ohkoshi, Masahiko Yano, Yasunobu Matsuda
Shogo Ohkoshi, Department of Internal Medicine, School of
Life Dentistry at Niigata, The Nippon Dental University, Chuoku, Niigata 951-8580, Japan
Masahiko Yano, Yasunobu Matsuda, Division of Gastroen
terology and Hepatology, Graduate School of Medical and Dental
Sciences Niigata University, Niigata 951-8520, Japan
Author contributions: Ohkoshi S wrote the paper; Yano M
performed research; Matsuda Y analyzed the data.
Supported by Grant-in-Aid for Scientific Research (C) (22590722
for Ohkoshi S) from the Japan Society for the promotion of
Science (JSPS).
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Shogo Ohkoshi, MD, PhD, Professor
of Internal Medicine, School of Life Dentistry at Niigata, The
Nippon Dental University, 1-8Hamaura-Cho, Chuo-ku, Niigata
951-8580, Japan. okoshi@ngt.ndu.ac.jp
Telephone: +81-25-2118243
Fax: +81-25-2671582
Received: March 30, 2015
Peer-review started: March 31, 2015
First decision: May 18, 2015
Revised: May 30, 2015
Accepted: August 31, 2015
Article in press: August 31, 2015
Published online: November 14, 2015

Key words: p21; Tumor suppressors; Oncogene;
Subcellular localization; Hepatocellular carcinoma;
HBx; Nucleo-cytoplasmic export; Chromosome region
maintenance 1; Selective inhibitors of nuclear export;
Interferon
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
A well-known tumor suppressor, p21, acts parado
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xically by promoting tumor growth in some cellular
conditions. These conflicting functions have been
demonstrated in association with the HBx gene and in
hepatocarcinogenesis. The molecular behavior of p21
depends on its subcellular localization. Nuclear p21
may inhibit cell proliferation and be proapoptotic, while
cytoplasmic p21 may have oncogenic and anti-apoptotic
functions. Because most typical tumor suppressive
proteins also have different effects according to
subcellular localization, elucidating the regulatory
mechanisms underlying nucleo-cytoplasmic transport
of these proteins would be significant and may lead
to a new strategy for anti-hepatocellular carcinoma
(HCC) therapy. Chromosome region maintenance 1
(CRM1) is a major nuclear export receptor involved
in transport of tumor suppressors from nucleus to
cytoplasm. Expression of CRM1 is enhanced in a variety
of malignancies and in vitro studies have shown the
efficacy of specific inhibition of CRM1 against cancer
cell lines. Interestingly, interferon may keep p21 in
the nucleus; this is one of the mechanisms of its
anti-hepatocarcinogenic function. Here we review
the oncogenic property of p21, which depends on
its subcellular localization, and discuss the rationale
underlying a new strategy for HCC treatment and
prevention.

Core tip: A well-known tumor suppressor, p21, can act
paradoxically by promoting tumor growth, depending
on its subcellular localization. Nuclear p21 may
inhibit cell proliferation while cytoplasmic p21 may be
associated with anti-apoptotic and oncogenic functions.
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These conflicting roles are reviewed in the context
of the HBx gene and hepatocarcinogenesis. Because
most tumor suppressors act in a similar manner to p21,
regulation of their nucleo-cytoplasmic export, which is
mainly effected via chromosome region maintenance 1,
may be a basis for developing a new strategy for antihepatocellular carcinoma therapy.

that regulating the intracellular localization of tumor
suppressors may be a potential future anti-HCC strategy
in the context of both directly-killing tumor cells and
preventive role.

P21 AS AN ONCOGENE
[5,6]

Ohkoshi S, Yano M, Matsuda Y. Oncogenic role of p21 in
hepatocarcinogenesis suggests a new treatment strategy. World J
Gastroenterol 2015; 21(42): 12150-12156 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i42/12150.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i42.12150

INTRODUCTION
th

Primary liver cancer is the 5 most common cancer
th
in men and the 7 in women, with high mortality
worldwide; therapeutic options for cure are urgently
[1,2]
needed . Hepatocellular carcinoma (HCC) accounts
for most primary liver cancer. Although there is a
geographic difference in incidence of HCC caused
by some etiological variation, the major etiological
agents are hepatitis B (HBV) and hepatitis C virus
(HCV) infection. Once these viruses infect liver, they
ingeniously evade host immune surveillance and
induce chronic necroinflammation, leading to fibrosis
and, ultimately, liver cirrhosis. Hepatocytes, via their
innate regenerative capacity, continue to proliferate in
order to compensate for the necrotic tissue. Genetic
alterations continuously accumulate during these
processes, resulting in pathogenic liver changes such
[3]
as cirrhosis from which HCC frequently arises . Once
HBV-related cirrhosis is established, HCC develops at
[4]
an annual rate of about 4% in Japan, for example .
Several lines of evidence support the direct
involvement of HBV in the transformation processes.
HBV is like a retrovirus in that it integrates into the
host genome, causing chromosomal abnormalities.
In addition, the HBx gene acts like an oncogene
by trans-activating many genes involved in cellular
transformation.
No common molecular mechanisms that account for
the extremely complex process of hepatocarcinogenesis
have yet been elucidated. Genetic alterations reported
have been heterogenous, involving abnormalities of
[2,3]
many signal transduction pathways . However, a
fundamental abnormality in hepatocarcinogenesis, like
other malignancies, is deregulation of the cell cycle. The
main regulators of the cell cycle are cyclin-dependent
kinase inhibitors (CDKI), such as p21, p27, and p16,
widely known as tumor suppressors. However, it is
noteworthy that these tumor suppressors can function
in an oncogenic manner depending on their precise
intracellular localization. In this review, we explore
the relevance of the intracellular localization of p21, in
particular, and its function, to highlight the possibility
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First identified in 1993 , p21 is a universal CDKI
[7,8]
that causes G1 growth arrest downstream of p53 .
p21 binds to CDKs and inhibits the kinase activity,
leading to growth arrest at specific stages in the cell
[9,10]
cycle
. p21 also induces cellular differentiation and
senescence.
Although p21 is one of the major tumor suppressors,
it also can promotes oncogenesis. High expression of
[11-13]
p21 is associated with poor prognosis of cancer
.
Although mutation of the p21 gene has been reported
[14]
in bladder cancer , most reported studies failed to
[15-17]
show the loss-of-function mutations of p21
. These
results suggest that p21 may not be a classical tumor
suppressor.
Experimental results of using genetically-engineered
mice also support conflicting functions of p21. Spon
taneous tumors occurred in p21-deficient mice,
[18]
providing evidence that p21 is a tumor suppressor .
[19]
p21 also causes genomic instability . However,
the timing of tumor formation in p21-deficient mice
[20]
was later than p53-deficient mice . Moreover, the
occurrence of lymphoma was suppressed when p21deficient mice were crossed with p53- or ATM-deficient
[21,22]
mice
. This result indicates that p21 also acts in
an oncogenic way in particular conditions, reflecting
[9]
its versatile function . In addition, mammary gland
tumorigenesis was accelerated in mice in which p21
[23]
was overexpressed in cytoplasm , and the cyclinbinding motif of p21 has been reported to have a
[24]
direct tumorigenic function .

HCC, HBX AND P21
There have been many reports regarding the
expression of p21 in HCC tissues. p21 was found to
be down-regulated in HCC tissues, demonstrating
[25-27]
[28]
its tumor suppressive function
. Kao et al
also
reported that p21 expression was observed in 37%
of HCC tissues, regardless of p53 expression, and
was an independent survival good prognosis factor.
While most of the reports show that p21 acts as a
tumor suppressor, expression levels of p21 in liver
cirrhosis have been reported to be correlated with the
[29]
cumulative incidence of the occurrence HCC
and
to be dominant in cytoplasm when histology became
[30]
more undifferentiated .
There are also some reported studies examining
the relationship between HBV and p21. Some reports
have shown that the HBx gene exerts oncogenic
[31,32]
activity by suppressing p21 expression
and that
HBx genes having core promoter mutations suppress
[33]
p21 more effectively . Inversely, HBx enhanced p21
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[34,35]

[34]

in some reports
. Park et al
reported that when
the cell cycle was prolonged by enhancement of p21
by HBx, cells had survival advantages and chances for
gene mutations, eventually leading to preneoplastic
[36]
hepatocytes. In addition, Yano et al
reported that
HBx enhanced cytoplasmic p21 in protein kinase C
(PKC)-dependent manner to induce cell proliferation.
These conflicting results may partly come from
differences in experimental conditions, but mostly
reflect the conflictive function of p21.

ASSOCIATION BETWEEN MOLECULAR
BEHAVIOR OF P21 AND ITS ONCOGENIC
FUNCTION
What molecular behavior of p21 does correlate with its
tumor-promoting function? It is well-known that p21
has not only inhibitory effects on cell cycle, but also
has a promoting role. p21-associated CDKs exist in
[37]
both active and inactive states ; p21 promotes the
assembly of CDK4,6 and cyclin D and exerts oncogenic
[38]
activity without inhibiting kinase activity . Mantel et
[39]
al found a high level of induction of p21 in a myeloid
cell line that was induced to proliferate by growth
factors. p21 also induces nuclear retention of cyclin D1,
[40]
inhibiting its cytoplasmic degradation . p21 induces
[41]
cell cycle progression in glioma
and in vascular
[42]
smooth muscle cells
by promoting the formation of
active cyclin-CDK complexes with PKC-alpha. Because
the lymphoma observed in p21-deficient mice has
[21]
high levels of apoptosis , the oncogenic activity of
p21 may be closely associated with its anti-apoptotic
function
P21 has a dual function with regard to apoptosis.
p21 halts the cell cycle and prevents apoptosis
induced by genotoxic agents. This anti-apoptotic
function of p21 may be associated with its oncogenic
property. However, p21 acts as a pro-apoptotic in
some conditions. Forced expression of p21 induces the
[43]
apoptotic response against cisplatin in glioma
and
[44]
in ovarian cancer . p21 is a modulator of apoptosis
[10]
in a p53-dependent or -independent manner .
[45]
Masgras et al reported that cell-specific sensitivity to
oxidative stress determined whether the cell was fated
to undergo p21-induced cell death.

ACTIONS OF P21 DEPEND ON
SUBCELLULAR LOCALIZATION
The dual functions of p21, apoptotic or anti-apoptotic,
[9,46]
depend on its subcellular localization
. Nuclear p21
is anti-proliferative and cytoplasmic p21, which is antiapoptotic, may be associated with oncogenic function.
Cytoplasmic p21 is associated with poor prognosis
[11,12,30,47]
or the aggressiveness of human cancer
.
Cytoplasmic localization of p21 is closely associated
with the phosphorylation status. Phosphorylation at

WJG|www.wjgnet.com

Thr57 and Ser130 by extracellular signal-regulated
kinase (ERK) inhibits nuclear localization of p21
and causes its cytoplasmic accumulation, inducing
[48]
cell cycle progression . Phosphorylated p21 that
locates in cytoplasm has anti-apoptotic action by
[49]
inhibiting the apoptotic proteins. Koster et al
reported that cytoplasmic p21 conferred resistance
against cisplatin-induced apoptosis, while it became
pro-apoptotic when it entered in the nucleus by the
inhibition of AKT. Involvement in signal transduction
of phosphorylated p21 differs depending on the site of
[50,51]
the phosphorylated amino acid; Thr145 by AKT
or
[52]
Ser130 by p38 and JNK . Cytoplasmic p21 prevents
[53]
apoptosis by inhibiting procaspase 3 , and apoptosis
[54]
signal-regulating kinases (ASK) 1 .
As a summary, p21 as a tumor suppressor may
be associated with nuclear location that may be
associated with inhibition of cell proliferation and proapoptotic function, while oncogenic, anti-apoptotic p21
may require a cytoplasmic location. Thus, the shifting
subcellular localization of p21 may be the clearest way
to explain its functional versatility.
It is well known that not only p21 but most tumor
suppressive proteins have different effects in different
subcellular compartment. Cancer cells respond to
what are typically tumor suppressors, such as p21,
Rb, p53, p27, breast cancer susceptibility gene (BRCA)
1 and FOXO (forkhead box-containing, O subfamily)
by proliferating when these molecules relocate
[55,56]
from nucleus to cytoplasm
. Thus, based on the
discussion above regarding p21, it is possible to extend
this view to tumor suppressors in general. Regulating
the subcellular localization of these proteins may
[55,56]
become a core rationale for anti-cancer strategy
.

REGULATION OF THE SUBCELLULAR
LOCALIZATION OF TUMOR
SUPPRESSORS AND ITS POTENTIAL
APPLICATION TO ANTI-HCC TREATMENT
Transport of macromolecules across the nuclear
envelope occurs through nuclear pore complexes
(NPC). Karyopherins, such as exportins and importins,
are nuclear transport receptors that recognize nuclear
export signal (NES) and nuclear localization signal
(NLS) sequences, respectively, and transport cargo
[55,57]
proteins at the NPC sites
. Subcellular localization
of tumor suppressors is regulated by this nucleo[55,56,58,59]
cytoplasmic transport system
.
CRM1 (Exportin-1/chromosome region maintenance
1) is a major nuclear export receptor that forms
NPC with nucleoporins, such as NUP214 and NUP88,
transporting nuclear proteins with NES sequence
[55-59]
to cytoplasm
. CRM1 is deeply involved in the
mechanisms of cell proliferation by regulating the
subcellular localization of tumor suppressors which have
NES sequences, such as p53 and p21. For example, p53
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Figure 1 Outline of the overall aspects of this review. The subcellular localization of p21 and other tumor suppressors is regulated by CRM1. Inhibition of CRM1
by specific inhibitors and IFN may play a role in future anti-hepatocellular carcinoma strategies. CRM1: Chromosome region maintenance 1; IFN: Interferon; SINE:
Selective inhibitors of nuclear export.

accumulates in the nucleus when poly (ADP-ribosyl)ation
[60]
blocks its interaction with CRM1 , while interaction
with SUMO (small ubiquitin-like modifier) promotes its
[61]
export to cytoplasm by CRM1 . p21 inhibits CRM1 by
binding phosphorylated cyclin D, which promotes its
[40]
nuclear accumulation .
Cancer cells use nucleo-cytoplasmic transport
system for their proliferation and inhibition of apoptosis.
CRM1 expression is enhanced in many cancer tissues.
High expression of CRM1 in gastric, ovarian, and
[62-64]
pancreatic cancers show poor prognosis
. The
increase in CRM1 leads to cytoplasmic abundance of
tumor suppressors and cell cycle regulators, which in
turn results in their aberrant activation. Knock-down
of CRM1 expression prevents nuclear export of p27,
[65]
resulting in cell cycle arrest . Specific suppression
of CRM1 caused nuclear retention of p21 and induced
[66]
apoptosis . The cellular apoptosis susceptibility
(CAS)/importin pathway was found to be enhanced
in HCC, confirming the importance of the transport
[67]
machinery .
Orally available selective inhibitors of nuclear export
(SINEs) which specifically inhibit CRM1, have been
[58,59]
developed in recent years
. SINEs specifically bind
Cys528, located in NES-binding groove of CRM1, to
promote nuclear retention of p53, p21, p27, Rb, and
[68]
BRCA 1 . The effects on hematologic malignancies
of KPT-330, the most effective SINE, have been
[69-73]
reported
. KPT-330 had anti-proliferative effects
[74]
and induced apoptosis of an HCC cell line
in which
p53-upregulated-modulator of apoptosis was markedly
up-regulated; and this was shown to be one of the
similar mechanisms by which sorafenib exerts anti[75]
HCC effects .
Interestingly, interferon (IFN)-beta was reported to

WJG|www.wjgnet.com

return cytoplasmic p21 to the nucleus and contributed
[36]
to the prevention of hepatocarcinogenesis . This was
also true of p53 that was bound to cytoplasmic HBx and
[76]
returned to the nucleus after IFN-treatment
(Figure
1). These observations suggest that natural substances
such as IFN may be involved in an innate carcinogenesis
prevention mechanisms, possibly by regulating CRM1.
In fact, CRM1 is involved in the cytoplasmic localization
of STAT2, which shifts to the nucleus by the action of
[77]
IFN . In addition, IFN inhibits beta-catenin signaling
through the up-regulation of the nuclear RanBP3 which
[78]
is a nuclear export factor .

FUTURE PERSPECTIVE
Sorafenib is a tyrosine kinase inhibitor widely used
for the treatment of advanced HCC, and many other
[79]
molecular-targeted drugs are now in development .
However its effect is still limited in many patients and
the appearance of drug-resistance is a significant
problem. Regulation of CRM1 involves many genes
and specific multiple pathways associated with
nuclear-cytoplasmic export; a new therapeutic
strategy could be based on these developing concepts.
Because such regulation would normalize molecular
changes caused by multiple genes, its use might not
cause drug resistance, or even being suggested to
[55]
reverse drug resistance . Thus, combination of such
regulation with specific inhibitor use might maximize
the impact of treatment. While expecting some
promising results of clinical trials, taking the molecular
approach to explore innate mechanisms regulating
nuclear-cytoplasmic distribution of tumor suppressors
will become an intriguing theme for development of
cancer prevention strategies. In particular, IFN might
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influence these mechanisms and play a role in antihepatocarcinogenesis. Future uses of this drug should
be pursued in light of this functional biological aspect.

19

REFERENCES
1
2
3
4
5

6
7

8
9
10
11

12

13

14

15

16

17

El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 2012; 142: 1264-1273.e1 [PMID:
22537432 DOI: 10.1053/j.gastro.2011.12.061]
Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma.
Lancet 2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/
s0140-6736(11)61347-0]
Farazi PA, DePinho RA. Hepatocellular carcinoma pathogenesis:
from genes to environment. Nat Rev Cancer 2006; 6: 674-687
[PMID: 16929323 DOI: 10.1038/nrc1934]
Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular
carcinoma in cirrhosis: incidence and risk factors. Gastroenterology
2004; 127: S35-S50 [PMID: 15508101]
el-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R,
Trent JM, Lin D, Mercer WE, Kinzler KW, Vogelstein B. WAF1, a
potential mediator of p53 tumor suppression. Cell 1993; 75: 817-825
[PMID: 8242752]
Harper JW, Adami GR, Wei N, Keyomarsi K, Elledge SJ. The
p21 Cdk-interacting protein Cip1 is a potent inhibitor of G1 cyclindependent kinases. Cell 1993; 75: 805-816 [PMID: 8242751]
Brugarolas J, Chandrasekaran C, Gordon JI, Beach D, Jacks T,
Hannon GJ. Radiation-induced cell cycle arrest compromised by
p21 deficiency. Nature 1995; 377: 552-557 [PMID: 7566157 DOI:
10.1038/377552a0]
Deng C, Zhang P, Harper JW, Elledge SJ, Leder P. Mice lacking
p21CIP1/WAF1 undergo normal development, but are defective in
G1 checkpoint control. Cell 1995; 82: 675-684 [PMID: 7664346]
Abbas T, Dutta A. p21 in cancer: intricate networks and multiple
activities. Nat Rev Cancer 2009; 9: 400-414 [PMID: 19440234 DOI:
10.1038/nrc2657]
Gartel AL, Tyner AL. The role of the cyclin-dependent kinase
inhibitor p21 in apoptosis. Mol Cancer Ther 2002; 1: 639-649
[PMID: 12479224]
Winters ZE, Hunt NC, Bradburn MJ, Royds JA, Turley H, Harris
AL, Norbury CJ. Subcellular localisation of cyclin B, Cdc2 and
p21(WAF1/CIP1) in breast cancer. association with prognosis. Eur J
Cancer 2001; 37: 2405-2412 [PMID: 11720835]
Xia W, Chen JS, Zhou X, Sun PR, Lee DF, Liao Y, Zhou BP, Hung
MC. Phosphorylation/cytoplasmic localization of p21Cip1/WAF1
is associated with HER2/neu overexpression and provides a novel
combination predictor for poor prognosis in breast cancer patients.
Clin Cancer Res 2004; 10: 3815-3824 [PMID: 15173090 DOI:
10.1158/1078-0432.ccr-03-0527]
Zhang W, Kornblau SM, Kobayashi T, Gambel A, Claxton D,
Deisseroth AB. High levels of constitutive WAF1/Cip1 protein are
associated with chemoresistance in acute myelogenous leukemia.
Clin Cancer Res 1995; 1: 1051-1057 [PMID: 9816079]
Cazier JB, Rao SR, McLean CM, Walker AK, Wright BJ, Jaeger
EE, Kartsonaki C, Marsden L, Yau C, Camps C, Kaisaki P, Taylor
J, Catto JW, Tomlinson IP, Kiltie AE, Hamdy FC. Whole-genome
sequencing of bladder cancers reveals somatic CDKN1A mutations
and clinicopathological associations with mutation burden.
Nat Commun 2014; 5: 3756 [PMID: 24777035 DOI: 10.1038/
ncomms4756]
McKenzie KE, Siva A, Maier S, Runnebaum IB, Seshadri R,
Sukumar S. Altered WAF1 genes do not play a role in abnormal
cell cycle regulation in breast cancers lacking p53 mutations. Clin
Cancer Res 1997; 3: 1669-1673 [PMID: 9815858]
Patiño-García A, Sotillo-Piñeiro E, Sierrasesúmaga-Ariznabarreta
L. p21WAF1 mutation is not a predominant alteration in pediatric
bone tumors. Pediatr Res 1998; 43: 393-395 [PMID: 9580228 DOI:
10.1203/00006450-199803000-00014]
Shiohara M, el-Deiry WS, Wada M, Nakamaki T, Takeuchi S,
Yang R, Chen DL, Vogelstein B, Koeffler HP. Absence of WAF1

WJG|www.wjgnet.com

18

20

21

22

23

24

25

26

27

28

29

30
31

32
33

12154

mutations in a variety of human malignancies. Blood 1994; 84:
3781-3784 [PMID: 7949134]
Martín-Caballero J, Flores JM, García-Palencia P, Serrano M.
Tumor susceptibility of p21(Waf1/Cip1)-deficient mice. Cancer Res
2001; 61: 6234-6238 [PMID: 11507077]
Shen KC, Heng H, Wang Y, Lu S, Liu G, Deng CX, Brooks SC,
Wang YA. ATM and p21 cooperate to suppress aneuploidy and
subsequent tumor development. Cancer Res 2005; 65: 8747-8753
[PMID: 16204044 DOI: 10.1158/0008-5472.can-05-1471]
Donehower LA, Harvey M, Slagle BL, McArthur MJ, Montgomery
CA, Butel JS, Bradley A. Mice deficient for p53 are developmentally
normal but susceptible to spontaneous tumours. Nature 1992; 356:
215-221 [PMID: 1552940 DOI: 10.1038/356215a0]
De la Cueva E, García-Cao I, Herranz M, López P, García-Palencia
P, Flores JM, Serrano M, Fernández-Piqueras J, Martín-Caballero
J. Tumorigenic activity of p21Waf1/Cip1 in thymic lymphoma.
Oncogene 2006; 25: 4128-4132 [PMID: 16462758 DOI: 10.1038/
sj.onc.1209432]
Wang YA, Elson A, Leder P. Loss of p21 increases sensitivity to
ionizing radiation and delays the onset of lymphoma in atm-deficient
mice. Proc Natl Acad Sci USA 1997; 94: 14590-14595 [PMID:
9405657]
Cheng X, Xia W, Yang JY, Hsu JL, Chou CK, Sun HL,
Wyszomierski SL, Mills GB, Muller WJ, Yu D, Hung MC.
Activation of p21(CIP1/WAF1) in mammary epithelium accelerates
mammary tumorigenesis and promotes lung metastasis. Biochem
Biophys Res Commun 2010; 403: 103-107 [PMID: 21040707 DOI:
10.1016/j.bbrc.2010.10.126]
Liu Y, Yeh N, Zhu XH, Leversha M, Cordon-Cardo C, Ghossein
R, Singh B, Holland E, Koff A. Somatic cell type specific gene
transfer reveals a tumor-promoting function for p21(Waf1/Cip1).
EMBO J 2007; 26: 4683-4693 [PMID: 17948060 DOI: 10.1038/
sj.emboj.7601886]
Shi YZ, Hui AM, Takayama T, Li X, Cui X, Makuuchi M. Reduced
p21(WAF1/CIP1) protein expression is predominantly related to
altered p53 in hepatocellular carcinomas. Br J Cancer 2000; 83:
50-55 [PMID: 10883667 DOI: 10.1054/bjoc.2000.1310]
Hui AM, Kanai Y, Sakamoto M, Tsuda H, Hirohashi S. Reduced
p21(WAF1/CIP1) expression and p53 mutation in hepatocellular
carcinomas. Hepatology 1997; 25: 575-579 [PMID: 9049201 DOI:
10.1002/hep.510250314]
Furutani M, Arii S, Tanaka H, Mise M, Niwano M, Harada T,
Higashitsuji H, Imamura M, Fujita J. Decreased expression and rare
somatic mutation of the CIP1/WAF1 gene in human hepatocellular
carcinoma. Cancer Lett 1997; 111: 191-197 [PMID: 9022146]
Kao JT, Chuah SK, Huang CC, Chen CL, Wang CC, Hung CH,
Chen CH, Wang JH, Lu SN, Lee CM, Changchien CS, Hu TH. P21/
WAF1 is an independent survival prognostic factor for patients with
hepatocellular carcinoma after resection. Liver Int 2007; 27: 772-781
[PMID: 17617120 DOI: 10.1111/j.1478-3231.2007.01499.x]
Wagayama H, Shiraki K, Sugimoto K, Ito T, Fujikawa K,
Yamanaka T, Takase K, Nakano T. High expression of p21WAF1/
CIP1 is correlated with human hepatocellular carcinoma in patients
with hepatitis C virus-associated chronic liver diseases. Hum Pathol
2002; 33: 429-434 [PMID: 12055678]
Shiraki K, Wagayama H. Cytoplasmic p21(WAF1/CIP1) expression
in human hepatocellular carcinomas. Liver Int 2006; 26: 1018-1019
[PMID: 16953844 DOI: 10.1111/j.1478-3231.2006.01320.x]
Park SH, Jung JK, Lim JS, Tiwari I, Jang KL. Hepatitis B virus X
protein overcomes all-trans retinoic acid-induced cellular senescence
by downregulating levels of p16 and p21 via DNA methylation. J
Gen Virol 2011; 92: 1309-1317 [PMID: 21325480 DOI: 10.1099/
vir.0.029512-0]
Ahn JY, Chung EY, Kwun HJ, Jang KL. Transcriptional repression
of p21(waf1) promoter by hepatitis B virus X protein via a p53independent pathway. Gene 2001; 275: 163-168 [PMID: 11574165]
Huang Y, Tong S, Tai AW, Hussain M, Lok AS. Hepatitis B virus
core promoter mutations contribute to hepatocarcinogenesis by
deregulating SKP2 and its target, p21. Gastroenterology 2011;
141: 1412-1421, 1421.e1-5 [PMID: 21704589 DOI: 10.1053/

November 14, 2015|Volume 21|Issue 42|

Ohkoshi S et al . Oncogenic p21 and anti-hepatocarcinogenesis

34

35

36

37
38

39

40

41
42

43

44

45

46
47

48

49

j.gastro.2011.06.048]
Park US, Park SK, Lee YI, Park JG, Lee YI. Hepatitis B virus-X
protein upregulates the expression of p21waf1/cip1 and prolongs
G1--& gt; S transition via a p53-independent pathway in human
hepatoma cells. Oncogene 2000; 19: 3384-3394 [PMID: 10918595
DOI: 10.1038/sj.onc.1203674]
Qiao L, Leach K, McKinstry R, Gilfor D, Yacoub A, Park JS, Grant
S, Hylemon PB, Fisher PB, Dent P. Hepatitis B virus X protein
increases expression of p21(Cip-1/WAF1/MDA6) and p27(Kip-1)
in primary mouse hepatocytes, leading to reduced cell cycle
progression. Hepatology 2001; 34: 906-917 [PMID: 11679961 DOI:
10.1053/jhep.2001.28886]
Yano M, Ohkoshi S, Aoki YH, Takahashi H, Kurita S, Yamazaki K,
Suzuki K, Yamagiwa S, Sanpei A, Fujimaki S, Wakai T, Kudo SE,
Matsuda Y, Aoyagi Y. Hepatitis B virus X induces cell proliferation
in the hepatocarcinogenesis via up-regulation of cytoplasmic p21
expression. Liver Int 2013; 33: 1218-1229 [PMID: 23590292 DOI:
10.1111/liv.12176]
Zhang H, Hannon GJ, Beach D. p21-containing cyclin kinases exist
in both active and inactive states. Genes Dev 1994; 8: 1750-1758
[PMID: 7958854]
LaBaer J, Garrett MD, Stevenson LF, Slingerland JM, Sandhu C,
Chou HS, Fattaey A, Harlow E. New functional activities for the p21
family of CDK inhibitors. Genes Dev 1997; 11: 847-862 [PMID:
9106657]
Mantel C, Luo Z, Canfield J, Braun S, Deng C, Broxmeyer HE.
Involvement of p21cip-1 and p27kip-1 in the molecular mechanisms
of steel factor-induced proliferative synergy in vitro and of p21cip-1
in the maintenance of stem/progenitor cells in vivo. Blood 1996; 88:
3710-3719 [PMID: 8916935]
Alt JR, Gladden AB, Diehl JA. p21(Cip1) Promotes cyclin D1
nuclear accumulation via direct inhibition of nuclear export. J Biol
Chem 2002; 277: 8517-8523 [PMID: 11751903 DOI: 10.1074/jbc.
M108867200]
Besson A, Yong VW. Involvement of p21(Waf1/Cip1) in protein
kinase C alpha-induced cell cycle progression. Mol Cell Biol 2000;
20: 4580-4590 [PMID: 10848585]
Weiss RH, Joo A, Randour C. p21(Waf1/Cip1) is an assembly factor
required for platelet-derived growth factor-induced vascular smooth
muscle cell proliferation. J Biol Chem 2000; 275: 10285-10290
[PMID: 10744715]
Kondo S, Barna BP, Kondo Y, Tanaka Y, Casey G, Liu J, Morimura
T, Kaakaji R, Peterson JW, Werbel B, Barnett GH. WAF1/CIP1
increases the susceptibility of p53 non-functional malignant glioma
cells to cisplatin-induced apoptosis. Oncogene 1996; 13: 1279-1285
[PMID: 8808702]
Lincet H, Poulain L, Remy JS, Deslandes E, Duigou F, Gauduchon
P, Staedel C. The p21(cip1/waf1) cyclin-dependent kinase inhibitor
enhances the cytotoxic effect of cisplatin in human ovarian
carcinoma cells. Cancer Lett 2000; 161: 17-26 [PMID: 11078909]
Masgras I, Carrera S, de Verdier PJ, Brennan P, Majid A, Makhtar W,
Tulchinsky E, Jones GD, Roninson IB, Macip S. Reactive oxygen
species and mitochondrial sensitivity to oxidative stress determine
induction of cancer cell death by p21. J Biol Chem 2012; 287:
9845-9854 [PMID: 22311974 DOI: 10.1074/jbc.M111.250357]
Cmielová J, Rezáčová M. p21Cip1/Waf1 protein and its function
based on a subcellular localization [corrected]. J Cell Biochem 2011;
112: 3502-3506 [PMID: 21815189 DOI: 10.1002/jcb.23296]
Huang Y, Wang W, Chen Y, Huang Y, Zhang J, He S, Tan Y, Qiang
F, Li A, Røe OD, Wang S, Zhou Y, Zhou J. The opposite prognostic
significance of nuclear and cytoplasmic p21 expression in resectable
gastric cancer patients. J Gastroenterol 2014; 49: 1441-1452 [PMID:
24127074 DOI: 10.1007/s00535-013-0900-4]
Hwang CY, Lee C, Kwon KS. Extracellular signal-regulated kinase
2-dependent phosphorylation induces cytoplasmic localization and
degradation of p21Cip1. Mol Cell Biol 2009; 29: 3379-3389 [PMID:
19364816 DOI: 10.1128/mcb.01758-08]
Koster R, di Pietro A, Timmer-Bosscha H, Gibcus JH, van den Berg
A, Suurmeijer AJ, Bischoff R, Gietema JA, de Jong S. Cytoplasmic
p21 expression levels determine cisplatin resistance in human

WJG|www.wjgnet.com

50

51

52

53

54

55
56
57
58

59
60

61

62
63

64

65

66

12155

testicular cancer. J Clin Invest 2010; 120: 3594-3605 [PMID:
20811155 DOI: 10.1172/jci41939]
Rössig L, Jadidi AS, Urbich C, Badorff C, Zeiher AM, Dimmeler
S. Akt-dependent phosphorylation of p21(Cip1) regulates PCNA
binding and proliferation of endothelial cells. Mol Cell Biol 2001;
21: 5644-5657 [PMID: 11463845 DOI: 10.1128/mcb.21.16.5644-56
57.2001]
Zhou BP, Liao Y, Xia W, Spohn B, Lee MH, Hung MC.
Cytoplasmic localization of p21Cip1/WAF1 by Akt-induced
phosphorylation in HER-2/neu-overexpressing cells. Nat Cell Biol
2001; 3: 245-252 [PMID: 11231573 DOI: 10.1038/35060032]
Kim GY, Mercer SE, Ewton DZ, Yan Z, Jin K, Friedman E. The
stress-activated protein kinases p38 alpha and JNK1 stabilize
p21(Cip1) by phosphorylation. J Biol Chem 2002; 277: 29792-29802
[PMID: 12058028 DOI: 10.1074/jbc.M201299200]
Suzuki A, Tsutomi Y, Yamamoto N, Shibutani T, Akahane K.
Mitochondrial regulation of cell death: mitochondria are essential
for procaspase 3-p21 complex formation to resist Fas-mediated cell
death. Mol Cell Biol 1999; 19: 3842-3847 [PMID: 10207107]
Asada M, Yamada T, Ichijo H, Delia D, Miyazono K, Fukumuro K,
Mizutani S. Apoptosis inhibitory activity of cytoplasmic p21(Cip1/
WAF1) in monocytic differentiation. EMBO J 1999; 18: 1223-1234
[PMID: 10064589 DOI: 10.1093/emboj/18.5.1223]
Turner JG, Dawson J, Sullivan DM. Nuclear export of proteins and
drug resistance in cancer. Biochem Pharmacol 2012; 83: 1021-1032
[PMID: 22209898 DOI: 10.1016/j.bcp.2011.12.016]
Fabbro M, Henderson BR. Regulation of tumor suppressors by
nuclear-cytoplasmic shuttling. Exp Cell Res 2003; 282: 59-69 [PMID:
12531692]
Hutten S, Kehlenbach RH. CRM1-mediated nuclear export: to
the pore and beyond. Trends Cell Biol 2007; 17: 193-201 [PMID:
17317185 DOI: 10.1016/j.tcb.2007.02.003]
Gravina GL, Senapedis W, McCauley D, Baloglu E, Shacham S,
Festuccia C. Nucleo-cytoplasmic transport as a therapeutic target
of cancer. J Hematol Oncol 2014; 7: 85 [PMID: 25476752 DOI:
10.1186/s13045-014-0085-1]
Mao L, Yang Y. Targeting the nuclear transport machinery by
rational drug design. Curr Pharm Des 2013; 19: 2318-2325 [PMID:
23082981]
Kanai M, Hanashiro K, Kim SH, Hanai S, Boulares AH, Miwa M,
Fukasawa K. Inhibition of Crm1-p53 interaction and nuclear export
of p53 by poly(ADP-ribosyl)ation. Nat Cell Biol 2007; 9: 1175-1183
[PMID: 17891139 DOI: 10.1038/ncb1638]
Santiago A, Li D, Zhao LY, Godsey A, Liao D. p53 SUMOylation
promotes its nuclear export by facilitating its release from the nuclear
export receptor CRM1. Mol Biol Cell 2013; 24: 2739-2752 [PMID:
23825024 DOI: 10.1091/mbc.E12-10-0771]
Huang WY, Yue L, Qiu WS, Wang LW, Zhou XH, Sun YJ.
Prognostic value of CRM1 in pancreas cancer. Clin Invest Med
2009; 32: E315 [PMID: 20003838]
Walker CJ, Oaks JJ, Santhanam R, Neviani P, Harb JG, Ferenchak
G, Ellis JJ, Landesman Y, Eisfeld AK, Gabrail NY, Smith CL,
Caligiuri MA, Hokland P, Roy DC, Reid A, Milojkovic D, Goldman
JM, Apperley J, Garzon R, Marcucci G, Shacham S, Kauffman
MG, Perrotti D. Preclinical and clinical efficacy of XPO1/CRM1
inhibition by the karyopherin inhibitor KPT-330 in Ph+ leukemias.
Blood 2013; 122: 3034-3044 [PMID: 23970380 DOI: 10.1182/
blood-2013-04-495374]
Zhou F, Qiu W, Yao R, Xiang J, Sun X, Liu S, Lv J, Yue L. CRM1
is a novel independent prognostic factor for the poor prognosis of
gastric carcinomas. Med Oncol 2013; 30: 726 [PMID: 24026662
DOI: 10.1007/s12032-013-0726-1]
Wang Y, Wang Y, Xiang J, Ji F, Deng Y, Tang C, Yang S, Xi Q,
Liu R, Di W. Knockdown of CRM1 inhibits the nuclear export
of p27(Kip1) phosphorylated at serine 10 and plays a role in the
pathogenesis of epithelial ovarian cancer. Cancer Lett 2014; 343: 6-13
[PMID: 24018641 DOI: 10.1016/j.canlet.2013.09.002]
Wettersten HI, Landesman Y, Friedlander S, Shacham S, Kauffman
M, Weiss RH. Specific inhibition of the nuclear exporter exportin-1
attenuates kidney cancer growth. PLoS One 2014; 9: e113867 [PMID:

November 14, 2015|Volume 21|Issue 42|

Ohkoshi S et al . Oncogenic p21 and anti-hepatocarcinogenesis

67

68
69

70

71

72

25461627 DOI: 10.1371/journal.pone.0113867]
Winkler J, Ori A, Holzer K, Sticht C, Dauch D, Eiteneuer EM,
Pinna F, Geffers R, Ehemann V, Andres-Pons A, Breuhahn K,
Longerich T, Bermejo JL, Gretz N, Zender L, Schirmacher P,
Beck M, Singer S. Prosurvival function of the cellular apoptosis
susceptibility/importin-α1 transport cycle is repressed by p53 in
liver cancer. Hepatology 2014; 60: 884-895 [PMID: 24799195 DOI:
10.1002/hep.27207]
Monecke T, Dickmanns A, Ficner R. Allosteric control of the
exportin CRM1 unraveled by crystal structure analysis. FEBS J
2014; 281: 4179-4194 [PMID: 24823279 DOI: 10.1111/febs.12842]
Azmi AS, Al-Katib A, Aboukameel A, McCauley D, Kauffman M,
Shacham S, Mohammad RM. Selective inhibitors of nuclear export
for the treatment of non-Hodgkin’s lymphomas. Haematologica
2013; 98: 1098-1106 [PMID: 23403316 DOI: 10.3324/
haematol.2012.074781]
Etchin J, Sanda T, Mansour MR, Kentsis A, Montero J, Le BT,
Christie AL, McCauley D, Rodig SJ, Kauffman M, Shacham S,
Stone R, Letai A, Kung AL, Thomas Look A. KPT-330 inhibitor of
CRM1 (XPO1)-mediated nuclear export has selective anti-leukaemic
activity in preclinical models of T-cell acute lymphoblastic
leukaemia and acute myeloid leukaemia. Br J Haematol 2013; 161:
117-127 [PMID: 23373539 DOI: 10.1111/bjh.12231]
Lapalombella R, Sun Q, Williams K, Tangeman L, Jha S, Zhong
Y, Goettl V, Mahoney E, Berglund C, Gupta S, Farmer A, Mani
R, Johnson AJ, Lucas D, Mo X, Daelemans D, Sandanayaka V,
Shechter S, McCauley D, Shacham S, Kauffman M, Chook YM,
Byrd JC. Selective inhibitors of nuclear export show that CRM1/
XPO1 is a target in chronic lymphocytic leukemia. Blood 2012; 120:
4621-4634 [PMID: 23034282 DOI: 10.1182/blood-2012-05-429506]
Ranganathan P, Yu X, Na C, Santhanam R, Shacham S, Kauffman
M, Walker A, Klisovic R, Blum W, Caligiuri M, Croce CM,
Marcucci G, Garzon R. Preclinical activity of a novel CRM1
inhibitor in acute myeloid leukemia. Blood 2012; 120: 1765-1773

73

74

75

76

77
78

79

[PMID: 22677130 DOI: 10.1182/blood-2012-04-423160]
Tai YT, Landesman Y, Acharya C, Calle Y, Zhong MY, Cea M,
Tannenbaum D, Cagnetta A, Reagan M, Munshi AA, Senapedis W,
Saint-Martin JR, Kashyap T, Shacham S, Kauffman M, Gu Y, Wu
L, Ghobrial I, Zhan F, Kung AL, Schey SA, Richardson P, Munshi
NC, Anderson KC. CRM1 inhibition induces tumor cell cytotoxicity
and impairs osteoclastogenesis in multiple myeloma: molecular
mechanisms and therapeutic implications. Leukemia 2014; 28:
155-165 [PMID: 23588715 DOI: 10.1038/leu.2013.115]
Zheng Y, Gery S, Sun H, Shacham S, Kauffman M, Koeffler HP.
KPT-330 inhibitor of XPO1-mediated nuclear export has antiproliferative activity in hepatocellular carcinoma. Cancer Chemother
Pharmacol 2014; 74: 487-495 [PMID: 25030088 DOI: 10.1007/
s00280-014-2495-8]
Dudgeon C, Peng R, Wang P, Sebastiani A, Yu J, Zhang L.
Inhibiting oncogenic signaling by sorafenib activates PUMA via
GSK3β and NF-κB to suppress tumor cell growth. Oncogene 2012;
31: 4848-4858 [PMID: 22286758 DOI: 10.1038/onc.2011.644]
Ueda H, Ullrich SJ, Gangemi JD, Kappel CA, Ngo L, Feitelson
MA, Jay G. Functional inactivation but not structural mutation of
p53 causes liver cancer. Nat Genet 1995; 9: 41-47 [PMID: 7704023
DOI: 10.1038/ng0195-41]
Frahm T, Hauser H, Köster M. IFN-type-I-mediated signaling is
regulated by modulation of STAT2 nuclear export. J Cell Sci 2006;
119: 1092-1104 [PMID: 16507591 DOI: 10.1242/jcs.02822]
Thompson MD, Dar MJ, Monga SP. Pegylated interferon alpha
targets Wnt signaling by inducing nuclear export of β-catenin.
J Hepatol 2011; 54: 506-512 [PMID: 21093092 DOI: 10.1016/
j.jhep.2010.07.020]
Chuma M, Terashita K, Sakamoto N. New molecularly targeted
therapies against advanced hepatocellular carcinoma: From
molecular pathogenesis to clinical trials and future directions.
Hepatol Res 2014; Epub ahead of print [PMID: 25472913 DOI:
10.1111/hepr.12459]
P- Reviewer: Huang SF, Wu ZJ S- Editor: Yu J L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

12156

November 14, 2015|Volume 21|Issue 42|

World J Gastroenterol 2015 November 14; 21(42): 12157-12170
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i42.12157

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Transposon mouse models to elucidate the genetic
mechanisms of hepatitis B viral induced hepatocellular
carcinoma
Amy P Chiu, Barbara R Tschida, Lilian H Lo, Branden S Moriarity, Dewi K Rowlands, David A Largaespada,
Vincent W Keng
Amy P Chiu, Lilian H Lo, Vincent W Keng, Department of
Applied Biology and Chemical Technology, The Hong Kong
Polytechnic University, Kowloon, Hong Kong, China
Barbara R Tschida, Branden S Moriarity, David A
Largaespada, Masonic Cancer Center, Department of Pediatrics,
Center for Genome Engineering, University of Minnesota,
Minneapolis, MN 55455, United States
Dewi K Rowlands, Laboratory Animal Services Centre, The
Chinese University of Hong Kong, Sha Tin, New Territories,
Hong Kong, China
Author contributions: All authors equally contributed to this
paper with conception and design of the study, literature review
and analysis, drafting and critical revision and editing, and final
approval of the final version.
Supported by Health Medical Research Fund No. 11122171, the
Food and Health Bureau, and the Hong Kong SAR Government;
the Department of Applied Biology and Chemical Technology,
The Hong Kong Polytechnic University, Hong Kong SAR
(1-ZVAG, G-YBAY, G-UA94 and 1-ZE19); and the NIH IMVTP
grant No. T32 AI083196-04 to Tschida BR.
Conflict-of-interest statement: Authors declare no conflict of
interests for this article.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Vincent W Keng, PhD, Department of
Applied Biology and Chemical Technology, The Hong Kong
Polytechnic University, Hung Hom, Kowloon, Hong Kong,
China. vincent.keng@polyu.edu.hk

WJG|www.wjgnet.com

Telephone: +852-34008728
Fax: +852-23649932
Received: August 12, 2015
Peer-review started: August 13, 2015
First decision: September 11, 2015
Revised: September 18, 2015
Accepted: September 30, 2015
Article in press: September 30, 2015
Published online: November 14, 2015

Abstract
The major type of human liver cancer is hepatocellular
carcinoma (HCC), and there are currently many risk
factors that contribute to this deadly disease. The
majority of HCC occurrences are associated with
chronic hepatitis viral infection, and hepatitis B viral
(HBV) infection is currently a major health problem
in Eastern Asia. Elucidating the genetic mechanisms
associated with HBV-induced HCC has been difficult due
to the heterogeneity and genetic complexity associated
with this disease. A repertoire of animal models has
been broadly used to study the pathophysiology and
to develop potential treatment regimens for HBVassociated HCC. The use of these animal models has
provided valuable genetic information and has been
an important contributor to uncovering the factors
involved in liver malignant transformation, invasion and
metastasis. Recently, transposon-based mouse models
are becoming more widely used in liver cancer research
to interrogate the genome by forward genetics and
also used to validate genes rapidly in a reverse genetic
manner. Importantly, these transposon-based rapid
reverse genetic mouse models could become crucial in
testing potential therapeutic agents before proceeding
to clinical trials in human. Therefore, this review will
cover the use of transposon-based mouse models to
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address the problems of liver cancer, especially HBVassociated HCC occurrences in Asia.
Key words: Hepatocellular carcinoma; Hepatitis B virus;
Transposable elements; Sleeping Beauty; Forward and
reverse genetic screens
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is the major
type of primary liver cancer and the risk factors
that contribute to its formation are hepatitis viral
infection, alcohol consumption, aflatoxin exposure,
hemochromatosis, and tyrosinemia. In vivo forward
and reverse genetic transposon models have been used
to study the genetic mechanisms of HCC, including
hepatitis B viral-induced HCC. These animal models
provide valuable genetic information and are important
contributors to uncovering the factors involved in liver
malignant transformation, invasion and metastasis.
They could also be used to test potential therapeutic
agents before proceeding to clinical trials in humans.
Chiu AP, Tschida BR, Lo LH, Moriarity BS, Rowlands DK,
Largaespada DA, Keng VW. Transposon mouse models to
elucidate the genetic mechanisms of hepatitis B viral induced
hepatocellular carcinoma. World J Gastroenterol 2015; 21(42):
12157-12170 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/12157.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.12157

EPIDEMIOLOGY OF LIVER CANCER
Liver cancer is the second most common cause of
cancer related death worldwide, accounting for about
700000 deaths annually. Liver cancer has a poor
prognosis, with less than 20% of advanced staged
patients surviving for more than one year after initial
[1]
detection . The major type of primary liver cancer is
hepatocellular carcinoma (HCC), which accounts for
[2-4]
85% to 90% of total liver cancer cases . In 2012,
83% of 782000 new liver cancer cases worldwide
occurred in Eastern Asian countries like Korea, China,
Japan, as well as sub-Saharan, middle and Eastern
Africa, with a high incidence rate of more than 20 per
100000 individuals. The incidence rate is particularly
high in China, with 50% of the total new liver cancer
[2-6]
cases diagnosed there
. Middle Africa, Central
America, North America, and Southern Europe have
a moderately high incidence rate of about 10 to 20
per 100000 individuals, while a low incidence rate has
been reported in South-Central Asia and Northern
Europe with less than 5 liver cancer cases per 100000
[2-4,6]
individuals
.
HCC most often is diagnosed between the ages
of 55 to 59 years old in China, and between 63 to
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[3,4]

65 years old in Europe and North America . HCC
is a gender-biased disease more commonly found
in males than in females with the ratio of about 3:1
in high incidence rate countries. According to long
historic studies, hormonal differences between males
and females are one of the reasons for this gender
bias phenomenon. Researchers have suggested the
androgen receptor (AR), which can bind to testosterone
and other male hormones and is more highly expressed
in males than in females, can promote hepatitis B
virus (HBV)-related HCC, while estrogen receptor 1
[7-10]
(ESR1) may work antagonistically
. The activation
of Esr1 has been shown to dampen hepatitis B viral
[7]
replication , and estrogen can also protect female
mice by repressing the expression of interleukin 6 (Il6)
in Kupffer cells and resident macrophages in liver to
[7,8]
prevent liver inflammation .

HBV INFECTION
HBV infection is a major global health problem and,
according to the World Health Organization, more than
300 million people suffer from chronic HBV infection
and about 780000 people die every year due to acute
[4,11]
or chronic consequences of the disease
. Since
1970, chronic HBV infection has been shown to be
closely related to the development of liver cirrhosis and
[12]
HCC . The median survival rate for HBV-associated
HCC is less than 16 mo, and the five year survival rate
[4]
is only 15% to 26% .
In developing countries, chronic HBV infection
accounts for most HCC cases with HBV mostly being
transmitted from mother to infant and approximately
90% of infants born to chronic HBV-infected mothers
[4]
eventually developing the disease . In contrast, HCV
infection-associated cirrhosis and alcoholic cirrhosis
account for the majority of HCC cases in developed
countries that have access to HBV vaccination
[4]
programs . In countries with these vaccination
programs, HBV is usually transmitted sexually between
adults and 90% of the virus can be spontaneously
[4]
cleared by the infected host’s immune system .
Although vaccines for HBV have been introduced
to reduce the prevalence of HCC, HCC occurrence
has not declined in the last two decades due to high
chronic HBV infection prevalence and prolonged HCC
[4]
development latency .

HBV GENOTYPES
As of 2011, 10 HBV genotypes (A to J) have been
identified and classified by their infectious geographical
distribution. Genotype A is widely distributed in South
and West Africa and in Western and Northern Europe.
Genotypes B and C are commonly found in East and
Southeast Asia, including China, while genotype D is
[4]
distributed mainly in the Mediterranean area . Any
genomic variations of HBV, such as genotypes, sub-
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Figure 1 Structure of the hepatitis B virus genome. The hepatitis B virus genome consists of an incomplete double stranded DNA with four open reading frames:
surface proteins encoding gene (PreS1/S2/S), polymerase encoding gene (P), X protein encoding gene (X), and core protein encoding gene (C)[17].

genotypes, and HBV gene mutations can further
contribute to the development of liver cirrhosis
and HCC in patients with different HBV replication
[4,5]
and hepatitis B surface antigen (HBsAg) status .
Prolonged expression of HBV correlates with the
development of HCC, likely due to the presence of its
viral proteins such as the X gene (HBx) and/or large
envelope proteins. These viral proteins can activate
cellular cancer-related genes, induce oxidative stress,
and promote genetic instability that further contributes
[13]
to hepatocyte transformation . HCC tumorigenesis
is also influenced by the patient’s viral status such
as the HBV genotype, hepatitis B e antigen (HBeAg)
[4]
serostatus and mutational status of the HBV genome .
There is a higher occurrence of HBV genotypes B and C,
and an increasing prevalence of HBsAg serostatus in
China. Genotype C seems to have a stronger causative
[4,14]
effect than genotype B on HCC development
.
Therefore, it is hypothesized that pathogenicity may be
associated with the HBV genotype.

HBV GENOME
HBV belongs to the hepadnaviridae family of enveloped
viruses and has an incomplete double-stranded DNA
genome of 3.2 kb (Figure 1). The double-stranded
HBV genome consists of four open reading frames
(ORFs): PreS1/PreS2/S ORF encodes the three large-,
middle-, and small HBsAg proteins; C ORF encodes the
hepatitis core protein (HBcAg) and HBeAg, a soluble
small molecular weight protein produced by the viral
core protein gene (PreC/C region) with an alternative
[15]
start codon and post-translational modification ; P
ORF encodes the four viral polymerases that consists
of the RNase H, viral DNA polymerase/reverse
transcriptase, spacer, and terminal protein; X ORF
encodes the multi-functional non-structural hepatitis
X protein, which can function as a transcriptional
transactivator and promote HBV replication (Figure
[4,16,17]
1)
. The effects of HBV surface proteins and HBx
protein on tumorigenesis have been widely studied but
their molecular mechanisms remain elusive.

HBV PreS1/S2/S ORF

Three main HBsAg proteins are synthesized by three
individual promoters and start sites. The PreS1
promoter drives the transcription of PreS1/S2/S ORF
to form the large protein (L); the PreS2/S promoter

WJG|www.wjgnet.com

drives the transcription of PreS2/S ORF to form the
middle protein (M); while transcription of S ORF
only forms the small protein (S) (Figure 1). All these
HBsAg proteins have the same carboxyl (C)-terminus
but different amino (N)-terminal extensions: the S
protein forms the HBsAg with only 226 amino acids
(aa), the M protein has an additional 55 aa N-terminal
extension, while the L protein has a further N-terminal
extension of 108, 118, or 119 aa, depending on the
[5,18,19]
HBV genotype
. A central major hydrophilic region
formed by residues 103-173 is exposed to the surface
[5]
of the viral particles . HBsAg is the main target for
viral neutralization by either natural or vaccine-induced
[5,18]
anti-HBs antibodies
. The PreS1 ORF plays a key
role in HBV infectivity through its role in nucleocapsid
binding during virus envelopment and in receptor
[18,20,21]
binding during hepatocyte infection
.
The PreS1 and PreS2 ORFs of HBV can initiate host
immune responses as both contain several epitopes
for B cell and T cell recognition. Therefore, mutations
in these two ORFs can lead to a host immune
[4,22]
response defect, resulting in chronic HBV infection
.
Numerous clinical studies have shown deletions in
the PreS1 3’-end and PreS2 5’-end are frequently
[22-25]
found in chronic HBV infected patients
. Additional
types of mutations that can occur in the PreS ORFs
include deletions, insertions and substitutions.
Importantly, presence of these mutations has been
[4,22]
found to correlate closely with HCC tumorigenesis
.
Deletion mutations that commonly occur can be
classified into four categories: PreS1 start codon
deletion, internal deletion of PreS1, PreS2 start codon
[23]
deletion, and internal deletion of PreS2 . Generally,
the PreS deletion sites are commonly located at the
PreS1 and PreS2 region of the HBV genome (Figure
[23,25]
2)
. In addition, insertions and substitutions have
also been reported in chronic HBV infected patient
[25]
samples . Most neutralizing antibodies target the
immunodominant “a” determinant region that is
formed by residues 124-147, whereas glycine to
arginine substitution at position 145 (G145R) in the
“a” determinant region of the S ORF occurs commonly
[5,18,26]
in immune evasive mutant variants
. Other
mutations occurring outside the “a” determinant
region but within the S ORF, such as the P120S/T
mutation, can also exhibit immune evasive effects.
These mutant variants are associated with the clinical
detection of HBV DNA in patient serum despite the
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Figure 2 Diagrammatical representation of the PreS1/S2 deletion mutants. (Top) 3’-end PreS1 deletion mutant and (Bottom) 5’-end PreS2 deletion mutant are
two common mutation forms found in HBV-induced HCC patients. Both mutants produce truncated large surface proteins (L’ and L”). M: Middle protein; S: Small
protein. HBs gene nucleotide position 2848 to 835 as shown in Figure 1.
[5]

absence of detectable HBsAg . Substitution mutations
can result in premature termination during gene
transcription, resulting in the production of truncated
HBsAg. These truncated HBsAgs can accumulate in the
hepatic endoplasmic reticulum (ER), increase oxidative
stress of the cell and eventually accelerate liver cell
[23,25]
damage
.
PreS deletion mutants can induce liver tumor
formation by (1) altering the PreS1 mRNA to PreS2/S
mRNA ratio; (2) inducing ER oxidative stress; and (3)
allowing escape from host immune system surveillance,
whereas the 3’-end deletion in the PreS2 domain and
removal of the CCAAT element in the S promoter
domain is also thought to reduce transcription of the 2.1
[23]
kb PreS2/S mRNA . The CCAAT element increases the
transcription of PreS2/S ORF and decrease transcription
of PreS1 ORF, thus the deletion of this CCAAT element
would alter the PreS1 mRNA to PreS2/S mRNA ratio.
This decrease in transcription of PreS2/S ORF therefore
reduces synthesis of S protein and eliminates synthesis
of M protein. Normally, L protein can only be secreted
as sub-viral particles or mature virions by forming
a complex with the M and S proteins. Insufficient
amounts of both M and S proteins would therefore
result in the accumulation of L protein in hepatic ER
that induces oxidative stress by generating high levels
of reactive oxygen species (ROSs) that can cause
oxidative DNA damage, induce genetic mutations, and
[23,27]
ultimately lead to HCC development
.
PreS deletion mutants have also been implicated
in the prevention of apoptosis in hepatocytes by
activating the nuclear factor of kappa light polypeptide
gene enhancer in B-cell 1 (NFKB1) and v-akt
murine thymoma viral oncogene homolog 1 (AKT1)/
mechanistic target of rapamycin (serine/threonine
kinase) (MTOR) signaling pathways by upregulating the
prostaglandin-endoperoxide synthase 2 (prostaglandin
G/H synthase and cyclooxygenase) (PTGS2) and
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vascular endothelial growth factor (VEGF) protein
[23,27]
production, respectively
. In addition, hepatocytes
transfected with the PreS2 deletion mutant can also
evade the host immune system surveillance due to
altered epitopes sites (b10, t5, t6) for B-cell and T-cell
recognition and/or reduction in binding affinity of the
viral proteins to major histocompatibility complex Ⅰ
[23,27,28]
molecule
.

X ORF

The X ORF encodes the multifunctional HBx protein
[16,29]
consisting of 154 aa
. The genetic mechanism(s)
by which HBx induces and/or contributes to HCC
development is still not well understood. However, it
has been shown that HBx protein plays a critical role in
hepatocyte transformation in three ways: (1) changing
the epigenetic status; (2) inducing genomic instability;
[13,30]
and (3) modulating signaling pathways
.
HBx can change the epigenetic status of hepatocytes,
leading to the inactivation of host tumor suppressor
genes and/or activation of host oncogenes through
[30,31]
induction of various DNA methyltransferases
. HBx
is able to bind to histone acetyltransferase complex
and CREB binding protein, promoting transactivation
[13,29-31]
reactions and leading to histone hyperacetylation
.
In addition, HBx can promote the production of H3K4-specific methyltransferase by upregulating SET and
MYND domain containing 3 (SMYD3) gene expression
[31]
that increases H3 lysine K4 methylation . HBx
can recruit the binding of DNA (cytosine-5-)-methyl
transferase 1 and 3A (DNMT1 and DNMT3A) onto
tumor suppressor genes and alter their methylation
status and expression level. Conversely, HBx can also
inhibit the binding of DNMT3A to promoters, releasing
the hypomethylated status of tumor-promoting genes
[31]
and inducing their expression . DNMT3A has been
shown to be associated with hepatocarcinogenesis, as
a higher expression level of DNMT3A has been reported
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in HCC patients . The transcriptional transactivation
activity of HBx includes the upregulation of DNMT1 and
DNMT3A, which induces cytosine-guanine dinucleotide
(CpG) island methylation at the carbon-5 position
of cytosine. This DNMT1 and DNMT3A upregulation
prevents binding of transcription factors and RNA
polymerase Ⅱ complexes to tumor suppressor genes,
such as cyclin-dependent kinase inhibitor 2A (CDKN2A)
and cadherin 1, type 1, E-cadherin (epithelial) (CDH1),
[30,31]
resulting in their inactivation
. In addition, HBx can
also promote binding of histone deacetylases to tumor
[31]
suppressor genes to suppress their transcription .
In addition to inducing epigenetic changes, HBx is
also believed to enhance genomic instability. HBx has
been associated with the inactivation of various tumor
suppressor genes such as tumor protein p53 (TP53),
retinoblastoma 1 (RB1), and axin 1 (AXIN1). HBx
inhibits major DNA repair pathways by the interaction
with tumor suppressor proteins in these pathways,
leading to enhanced genomic instability from the
[32-35]
accumulation of mutations and deletions
. HBx
can also increase angiogenesis by upregulating VEGF
transcription and stabilizing hypoxia inducible factor 1,
alpha subunit [basic helix-loop-helix transcription factor
[29]
(HIF1A)] . Recently, several in vivo research studies
have demonstrated HBx overexpression upregulates
catenin (cadherin-associated protein), beta 1, 88kDa
(CTNNB1) in the important canonical wingless-type
MMTV integration site family (WNT)/CTNNB1 signaling
[29,36,37]
pathway implicated in hepatocarcinogenesis
.
Four common mutation sites have been identified
in the HBx ORF: nucleotide position T1753C (I127T
amino acid substitution), A1762T (K130M amino acid
substitution), G1764A (V131I amino acid substitution)
[38]
and T1768A (F132Y amino acid substitution) (Figure
3). The combinatory effects of these mutations have
been studied in vitro using the human liver cell line
(CCL13) where both K130M and V131I mutations had
[38,39]
the potential to induce cell proliferation
.
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Another form of HBx mutation is the C-terminal
truncation (Figure 3). The role of HBx in HBV replication
has been carefully studied in HepG2 and Huh7 cell
[16,40,41]
lines
. HBx contains two active domains: a
negative regulatory domain in the N-terminus and a
transactivation or co-activation domain in the C-terminus
[16]
that can transactivate viral and cellular promoters .
In vitro experiments have shown 52 to 65 aa and 88 to
154 aa in the C-terminus of HBx are necessary for its
transactivation activity, cell cycle regulation, and HBx
[16,40,41]
stability
. Upon integration of the HBV genome
into the host genome, the 3’-end of HBx is often
deleted and produces the C-terminal truncated form of
[42,43]
HBx
. Clinically, C-terminal truncated HBx has been
[42,44,45]
commonly detected in tumors of HCC patients
.
Importantly, this C-terminal truncated HBx has
been shown to promote tumor cell proliferation and
[42,44,46]
metastasis compared to full-length HBx
. Further
more, C-terminal truncated HBx has shown to abrogate
the growth suppression and apoptotic effect of full[42-44,46]
length HBx in cell lines
. However, the genetic
mechanism(s) of how this C-terminal truncated HBx
affects the tumorigenicity of HBV still remains unclear.

MECHANISMS OF HBV-INDUCED HCC
Increasing evidence has shown HBV infection plays
an important role in the development of HCC. Two
major mechanisms involved in HBV-associated HCC
pathogenesis are: (1) integration of the viral genome
into the host chromosome; and (2) the expression
of the trans-activating factors derived from the HBV
[13,15,29,47]
genome
. Although, during the normal lifecycle
of HBV, the viral genome present in the host nucleus is
a covalently closed circular DNA (cccDNA) (Figure 4),
about 80% of HBV-related HCC are found to have the
[13]
HBV genome integrated into the host chromosomes .
The integration of the viral genome into the host DNA
can disrupt and/or promote cellular gene expression
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Figure 4 Life cycle of the hepatitis B virus. HBV enters the hepatocyte and is uncoated in the cytoplasm. The relaxed-circular viral DNA (RC-DNA) is released from
the nucleocapsid into the host nucleus and is converted into covalently closed circular DNA (cccDNA). The cccDNA acts as a template for transcription of pregenomic
virion RNAs (Pg-RNA). Pg-RNA is then transferred into the cytoplasm, bound by viral polymerase and encapsidated. Inside the nucleocapsid, the Pg-RNA is reverse
transcribed into RC-DNA, where either the RC-DNA can be released back into the host nucleus for amplification of viral DNA or the entire nucleocapsid can be
transferred into the endoplasmic reticulum (ER) for viral surface protein coating and ultimately released from the cell[13]. S: Small surface protein; M: Middle surface
protein; L: Large surface protein; HBV: Hepatitis B viral.
[47]

involved with cell growth and differentiation . In
addition, the expression of trans-activating factors
derived from the expression of viral DNA may influence
intracellular signaling pathways and affect host gene
[47]
expression . Elevated levels of truncated PreS2/S,
HBx, and hepatitis B spliced protein have been found
[47]
in infected tumor tissue . HBx has been shown to
play a role in pleiotropic functions and to be involved
in the malignant transformation of chronically-infected
[47]
liver cells . HBx can induce cell proliferation, oxidative
stress, and host DNA damage and ultimately contribute
[13,15]
to HCC tumorigenesis
. Recent studies have found
HBx can activate CTNNB1 expression and inactivate
[15,37]
TP53
. The activation of the WNT/CTNNB1 signaling
[48]
pathway is vital in the genetic evolution of HCC .
Elevated levels of truncated surface proteins have also
been found in HCC patients chronically infected with
HBV.

MOST FREQUENTLY MUTATED GENES
IN HBV-ASSOCIATED HCC
The relationship of somatic mutation of telomerase
reverse transcriptase (TERT) to different types of
cancer has been highly reported. Recently, the
relationship between TERT and HCC is becoming more
obvious: the TERT promoter was shown to be mutated
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in 54% of 469 HCC cases and in 37% of HBV-positive
cases, where the mutation site was most commonly
[49]
located 124 bp upstream the TERT start codon .
Moreover, there was a 22% focal amplification rate
[49]
of TERT in HBV-positive samples . The combined
TERT promoter mutation and focal amplification
[49]
causes higher TERT expression in HCC . Apart from
TERT, recent exome sequencing of HCC tumors has
identified at least 30 significant putative HCC driver
genes involved in 11 signaling pathways: WNT/
CTNNB1, mitogen-activated protein kinase (MAPK),
phosphatidylinositol 3-kinase (PI3K)/AKT/MTOR, TERT,
TP53/cell cycle, hepatic differentiation, epigenetic
regulation, chromatin remodeling, oxidative stress,
[49,50]
IL6/Janus kinase (JAK)-STAT3 and TGFB
. Amongst
these putative driver genes, somatic mutations and
copy number changes in CTNNB1, TP53, AT rich
interactive domain 1A (SWI-like) (ARID1A) and
AXIN1 were significantly altered in 10% of HCC
[49,50]
patient samples
. TP53 mutations are common in
most cancer types, so it is not surprising that similar
TP53 mutation frequencies in HBV-related HCC have
[37,49-51]
been widely reported by numerous studies
.
Furthermore, 16% of the TP53 mutations identified
in genotype B HBV-related HCC were found at the
R249S site, usually associated with aflatoxin-induced
[51-53]
HCC
.
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THE NEED FOR MOUSE MODELS OF
HBV-INDUCED HCC
Although a few mechanisms by which HBV may
promote HCC have been identified, they need to be
better characterized in order for the understanding of
the genetic mechanisms of HBV-induced HCC to be
complete. While it is promising that several common
mutations driving HCC in context of HBV infection
have been identified, there are many more mutations
present in HBV-associated liver tumors that may be
[54,55]
important in driving tumor phenotypes
. Of the
many mutations found in HBV-associated liver tumors,
the drivers need to be identified and characterized.
Mouse models may provide an effective tool for this.

FORWARD GENETIC SCREENS FOR
DRIVERS OF HCC USING TRANSPOSON
INSERTIONAL MUTAGENESIS
The discovery of inducing lymphoma and mammary
cancer formation in mouse models through retroviral
insertional mutagenesis by murine leukemia virus or
mouse mammary tumor virus has accelerated the
speed of identifying driver mutations within these
[56]
tumor types . However, the application of retroviral
insertional mutagenesis has been limited to these
specific cancers. Therefore, it may be more valuable
to apply an insertional mutagenesis method that is
applicable in oncogenomic studies for more human
cancer types.
Transposons are such genetic tools that can be
used for insertional mutagenesis in multiple tissues in
most mammalian species. One transposon that has
been successfully used for both forward and reverse
genetic interogation of the oncogenome is Sleeping
[57]
Beauty (SB) . The synthetic SB transposon belongs
to the Tc1/mariner family of class Ⅱ transposable
[57]
elements . The SB transposon system consists of
two components: a transposon and transposase.
The transposon can be any DNA sequence flanked
by inverted repeat/direct terminal repeat (IR/DR)
sequences. The transposase binds to the IR/DR
sequences and mediates the excision and reintegration
of the transposon from one locus to another in a “cut[57]
and-paste” manner . The target integration site for
SB is a TA-dinucleotide pair and, with approximately
300 million sites in the mouse genome, allows for
[58,59]
ample sites for insertional mutagenesis
. The
process of transposition or mobilization is relatively
[60-62]
random, although “local hopping” may occur
.
Tissue-specific mutagenesis with the SB transposon
system has been made possible with the use of a
conditional system, which has allowed for transposon
insertional mutagenesis in mice to recapitulate several
important human cancers for genetic analyses,
including liver, gastrointestinal tract, skin, blood, bone,
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prostate and nervous system
. In this review we
focus on the use of the conditional SB insertional
mutagenesis system in several forward genetic screens
[63-67,75]
for HCC candidate genes
. Briefly, mice carrying
the following transgenes were generated for each of
these forward genetic screens for liver cancer genes:
conditional SB transposase transgene, mutagenic
transposon, hepatocyte-specific Cre recombinase
[63,66]
and predisposed genetic background
. The SB
transposase (SB11) carrying a floxed-stop (lsl)
cassette knocked into the mouse endogenous Rosa26
locus can only be activated by a tissue-specific Cre
recombinase, allowing for expression and mobilization
[64]
of transposons exclusively in hepatocytes . The
mutagenic transposon, T2/Onc, consists of splice
acceptor/polyadenylation (SA/pA) sequences in both
orientations and a murine stem cell virus (MSCV) long
terminal repeat (LTR) containing promoter/enhancer
elements followed by a splice donor that can facilitate
splicing of transcripts initiated in the MSCV into
[68,74]
downstream endogenous exons
. The mutagenic
transposon was designed to allow for both gain-offunction and loss-of-function mutational activity when
integrated into the host genome. When the mutagenic
transposon is inserted in a tumor suppressor gene,
normal splicing event will be disrupted by the SA/pA
elements. Alternatively, misexpression of a protooncogene by the MSCV LTR element will occur if the
mutagenic transposon is inserted within or near these
[68,74]
genes
.
Since TP53 is commonly mutated in HBV-related
[51-53]
HCC
, and HBx has been found to inactivate
[76-78]
TP53
, studying the genetic drivers of HCC in
context of transformation related protein 53 (Trp53)
mutation in a mouse model may shed light on the
genetic alterations required for HBV-induced HCC
development. Using the conditional transposon system
together with a conditional dominant negative Trp53
transgene as a predisposed genetic background, 19
highly significant common insertional sites (CISs)
[66]
for HCC-associated genes were identified . The
three most significant signaling/disease functional
annotations were identified through analyzing
CIS genes by Ingenuity Pathway Analysis (IPA):
post-translational modification, cancer, and tumor
morphology. Epidermal growth factor receptor
(EGFR), HIF1A, mitogen-activated protein kinase
kinase 4 (MAP2K4), MET proto-oncogene, receptor
tyrosine kinase (MET), p21 protein (Cdc42/Rac)activated kinase 4 (PAK4), vaccinia related kinase 2
(VRK2), transient receptor potential cation channel,
subfamily M, member 7 (TRPM7) and TAO kinase 3
(TAOK3) have been shown to be involved in tumor
[66]
formation and apoptsis . Nuclear factor I/B (NFIB)
and HIF1A network pathways were also identified by
IPA and have been implicated in the transduction of
[66]
phosphorylation-signaling cascades from EGFR .
PAK4, NFIB, TAOK3, EGFR, MET, MAP2K4, HIF1A,
ubiquitin-conjugating enzyme E2H (UBE2H), and QKI,
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Table 1 Hepatocellular carcinoma signaling pathways identified by Sleeping Beauty transposon insertional mutagenesis system
Pathways
Genes involved
in corresponding
pathways

[63,66]

1

Wnt/Ctnnb1

Trp53

Pi3k-Akt-Mtor

Mapk

Hippo

Tgfb-Bmp

Il6-Stat3

Tnf-Akt

Lrp1
Lrp5
Lrp6
Gsk3b
Axin1
Apc
Ctnnb1
Tcf7l2
Csnk1a1
Csnk1d
Csnk1g1
Csnk1g3
Tnks
Tnks2

Prkag2
Ywhaz
Crebbp
Mdm2
Usp10
Usp7
Pias1
Trp53inp1
Ppp2r1a
Ppp2r2a
Ppp2r2d
Ppp2cb
Ppp2r5e
Trp53

Insr
Igf1
Pten
Pik3ca
Pik3r1
Pik3c2a
Pik3ap1
Akt2
Rps6kb1
Foxo1

Egfr
Met
Grb2
Sos1
Sos2
Kras
Raf1
Map3k1
Map3k2
Map2k1
Mapk1

Fat1
Wwc1
Taok1
Taok2
Taok3
Mobkl2b
Mobkl1a
Sav1
Lats1
Yap1
Tead1

Acvr1
Acvr2a
Bmp1
Bmpr1a
Sar1a
Tab2
Tab3
Smad3
Smad2
Smad1
Smad4
Smad5

Il6st (gp130)
Jak1
Stat3

Tnf
Egfr
Met
Pak4
Nfib
Taok3
Map2k4
Akt
Hif1a
Ube2h
Qk
Pi3k
Jnk

1

Indicates a network.

KH domain containing, RNA binding (QKI) were found
to potentially interact with tumor necrosis factor (TNF),
inducing tyrosine phosphorylation and internalization
of EGFR that might activate the nuclear factor of kappa
light polypeptide gene enhancer in B-cells 1 (NFKB1)
pathway that regulates apoptosis during liver tumor
[66]
formation (Table 1) . In addition, a high frequency
of mutagenic transposon insertions were found in
intron 24 of the Egfr gene. This insertion results in the
production of C-terminal truncated Egfr protein, which
transphosphorylates the tyrosine sites of v-erb-b2
erythroblastic leukemia viral oncogene homolog 2,
neuro/glioblastoma derived oncogene homolog (avian)
(Erbb2) and activates other signaling pathways that
[66]
contribute to HCC tumorigenesis . In addition, this
study also revealed 3 strong candidate genes (UBE2H,
QKI, MAP2K4) associated with HCC. QKI and MAP2K4
have a significant decrease in DNA copy number
and mRNA level and a high proportion of deletion
mutations in human HCC samples, suggesting that
[66,79,80]
both are putative HCC tumor-suppressor genes
.
The significant increase in DNA copy number, mRNA
level, and high mRNA up-regulation rate of UBE2H
indicate that it is a putative HCC tumor-promoting
[66,79,80]
gene
.
Incorporating the SB transposon system with a
commonly dysregulated human malignancy gene,
v-myc avian myelocytomatosis viral oncogene homolog
(MYC), 18 CISs in early-developing liver tumors were
[67]
identified . It was shown that zinc finger protein,
X-linked (Zfx) plays a tumor suppressor role in liver
tumorigenesis, while nuclear receptor coactivator 2
(Ncoa2) and dystrobrevin, beta (Dtnb) function as
[67]
putative tumor-suppressors . In addition, expression
of NCOA2 and its target gene glucose-6-phosphatase,
catalytic subunit (G6PC) were significantly reduced
in human tumor samples, and this reduction was
strongly associated with the low survival rates of HCC
[67]
patients .
Using the SB transposon insertional mutagenesis
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mouse model incorporating the HBsAg transgene in a
forward genetic screen, over 2000 candidate drivers of
[63]
HBV-associated HCC were identified . In this study,
21 genes with highly significant sequencing read
counts and frequencies of occurrence were identified to
[63]
be candidate HCC genes . Of these candidate genes,
4 genes were identified as putative tumor suppressor
genes: adenosine kinase (Adk), dihydropyrimidine
d e hyd r o g e n a s e ( D p y d ) , l y s i n e ( K ) - s p e c i f i c
methyltransferase 2E (Kmt2e) and nuclear factor I/A
(Nfia); 6 genes were found to have tumor suppressing
effects in HCC: Arid1a, Gsk3b, IG motif containing
GTPase activating protein 2 (Iqgap2), membrane
associated guanylate kinase, WW and PDZ domain
containing 1 (Magi1), phosphatase and tensin homolog
(Pten) and salvador homolog 1 (Sav1); 2 genes were
found to be involved in hepatocyte differentiation and
maturation: zinc finger and BTB domain containing 20
(Zbtb20) and ankyrin repeat domain 17 (Ankrd17);
6 genes were found to regulate hepatic metabolism:
Pten, glycogen synthase kinase 3 beta (Gsk3b),
growth hormone receptor (Ghr), Adk, Zbtb20, and
Dpyd; and 7 genes were found to be associated with
HCC transcription modulation: Kmt2e, SET domain
containing 2 (Setd2), WW domain containing adaptor
with coiled-coil (Wac), Arid1a, Nfia, staphylococcal
nuclease and tudor domain containing 1 (Snd1), and
[63]
Zbtb20 . Through CIS gene annotation enrichment
analysis, it was found that HBsAg CIS genes drive
HCC through conserved cancer signaling pathways,
including Wnt/Ctnnb1, Trp53, Pi3k-Akt-Mtor, Mapk,
Hippo, transforming growth factor beta (Tgfb)-bone
morphogenic protein (Bmp) and Il6-signal transducer
[63]
and activator of transcription 3 (Stat3) (Table 1) .
Moreover, it was revealed that the majority of the
HCC CIS genes were involved in cellular metabolic
[63]
processes . It was suggested that disruption of
glycolytic and glutaminolytic pathways provided
bioenergetics, biosynthesis and redox regulation
benefits for tumor cell division, thus inhibiting
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Figure 5 Word cloud of frequent CIS genes from three separate studies using SB transposon forward genetic screening with different genetic
backgrounds[63,65,67]. The roles of these frequent CIS gene human orthologs were analyzed using TCGA database. The font size indicates the frequency of genetic
alteration reported in human HCC samples. Color of the font indicates the copy number change or expression profile of the gene: red, amplification; blue, deletion;
tomato, tends to upregulation; purple, tends to downregulation; yellow, frequently found in all three studies.

glycolysis and/or glutaminolysis might impede liver
[63]
tumor formation or progression . Genetic alterations,
copy number changes, and expression levels of the
human orthologs of CIS genes from three separate
SB transposon forward genetic screens with different
genetic backgrounds were analyzed in TCGA database
and presented as a word cloud (Wordle) to view the
degree of genetic alteration reported in clinical samples
[63,65,67]
(Figure 5)
.

REVERSE GENETIC VALIDATION USING
RAPID TRANSPOSON-BASED MOUSE
MODELS
The SB transposon system can also be used in a
reverse genetic manner to introduce tumorigenic
genes into mouse hepatocytes for stable expression
when delivered on transposon plasmids to the mouse
[37,59,65,66,75,81]
liver by hydrodynamic tail vein injection
.
Hydrodynamic injection is a rapid and high-volume
infusion of naked plasmid DNA into the tail vein.
It is an effective method for in vivo gene delivery,
in which about 40% of the hepatocytes in a test
animal take up the transgene and express > 95% of
[59]
the transgene after hydrodynamic injection . The
mechanism of DNA uptake is still poorly understood,
but it is suggested that the injected high-volume of
DNA solution enters the inferior vena cava and causes
over-stretching of myocardial fibers, induces cardiac
congestion, resulting in delivery of injected solution
[82]
into liver . In addition to its use in mice, this method
can also be used to transfer naked plasmid DNA into
porcine and rabbit livers and into muscles of larger
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[59,82]

animals
. The sporadic expression of target genes
mimics a more realistic situation in human liver cancer
than other conventional conditional transgenic models.
A powerful method to test genes’ oncogenic roles in
the liver employs this gene delivery system to deliver
tumorigenic genes to the livers of fumarylacetoacetate
-/+/hydrolase (Fah)-deficient/Rosa26-SB11 (Fah /SB )
[37,59,65,66,75,81,83]
transgenic mice
. This is a selective
model allowing for rapid generation of mice in
which nearly all hepatocytes express the delivered
transgenes. Fah-deficient mice have a defect in the
last step of the tyrosine catabolic pathway in which
fumarylacetoacetate is hydrolyzed to acetoacetate
and fumarate, similar to the human hereditary
[84]
tyrosinemia type Ⅰ disease . These mice must be
maintained on nitisinone in the drinking water, which
blocks this pathway upstream of fumarylacetoacetate
[84]
production . Oncogenes to be tested are co-delivered
on transposon plasmids with a Fah rescue cDNA, and
nitisinone is removed after gene delivery. Nitisinone
removal causes Fah-deficient hepatocytes to die, and
the liver is regenerated by hepatocytes that stably
[37,59,65,66,75,81]
express the delivered transgenes
. This
system has been used in a reverse genetic manner
to introduce tumorigenic genes into the livers of
-/+/Fah /SB transgenic mice by hydrodynamic tail vein
[37,59,65,66,75,81]
injection for validation in several studies
.
-/+/SB-mediated gene delivery to Fah /SB
transgenic mice by hydrodynamic tail vein injection has
been used to study the role of HBx in promoting liver
[37]
cancer . In this study, a transposon vector containing
the HBx gene and Fah cDNA was delivered with and
without a transposon vector containing a short hairpin
RNA directed against Trp53 (shp53). HBx expression
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Figure 6 Reverse genetic screening of individual HBV gene components using the Fah-/-/SB+/- transgenic mouse model. A: Construction of gene delivery
expression vectors that carry various individual HBV gene-of-interest (GOI) components by PCR amplification and insertion of GOI into an entry clone (pENTR) and
followed by LR clonase reaction (Life Technologies); B: Hydrodynamic tail vein injection of gene delivery expression vector into Fah-/-/SB+/- transgenic mouse; C: Liver
tumors indicated by white arrowheads observed in Fah-/-/SB+/- mouse injected with a HBV gene component (left) after 160-d post-hydrodynamic injection. Fah-/-/SB+/transgenic mouse injected with an empty gene delivery expression vector displayed normal liver morphology (right). EGFP: Enhanced green fluorescent protein
gene; Luc: Luciferase gene; IR/DR: Inverted repeat/direct repeat sequences for Sleeping Beauty transposase binding and mobilization; pA: Polyadenalytion signal;
IRES: Internal ribosome entry site; PGK: Phosphoglycerate kinase 1 promoter; CAG: Cytomegalovirus enhancer fused to the chicken b-actin promoter; attL/R/B sites:
Recombination sites used by the Gateway cloning system (Life Technologies); ccdB: Topoisomerase poison from Escherichia coli. Scale bar: 0.5 cm.

activated Ctnnb1 expression, and HBx cooperated with
shp53 to induce the formation of hyperplastic nodules.
This study showed this method could be used to model
liver cancer driven by HBV gene components and
elucidate mechanisms by which they may promote
cancer.
We are currently attempting to use this method
to test the roles of other HBV genes in driving liver
cancer. Using the Gateway cloning system (Life
Technologies), we have constructed transposon
plasmids with various individual HBV gene components
-/+/for tumorigenic analyses in livers of Fah /SB
transgenic mice. Hepatocytes that are transgenic
for both the Fah cDNA and HBV gene-of-interest will
repopulate the Fah-deficient liver, mimicking disease
progression. Preliminary unpublished studies have
yielded promising development of tumors in certain
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HBV gene-injected mice compared with empty vector
controls (Figure 6). These tumors will be further
interrogated for their genetic information such as
gene expression profiles and/or pathway analyses.
It is envisaged that genetic information from such in
vivo studies will provide insight into underlying genetic
mechanisms of HBV-induced HCC.
SB-mediated gene delivery for reverse genetic
studies in mice, in addition to its use in studying
the oncogenic roles of viral genes, could be used to
rapidly validate candidate genetic drivers of HBVassociated HCC discovered in forward genetic screens
as described above or genes found to be commonly
altered in human HBV-associated HCC. Candidate
drivers could be tested in context of expression
of HBV viral genes using this system. In addition,
hydrodynamic delivery of plasmid DNA expressing
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HBV genome components has been used to model
[85-87]
HBV infection in mice
. Candidate HBV-associated
HCC drivers could be added on separate plasmids to
test their roles in HCC in context of a model of HBV
infection in vivo.

DISCUSSION
Based on the limited existing treatments and the poor
prognosis of HCC, continuous efforts should be put
into uncovering the mechanisms of drug resistance
and tumor progression and on the development
of biomarkers for more sensitive diagnosis and as
molecular targets for new therapies. HBV infection is a
major risk factor for HCC development; understanding
its interactions with cancer-driving signaling pathways
and its contributions to tumor initiation, promotion and
progression will be critical for developing biomarkers
for diagnosis and therapy.
In addition, recent exome sequencing of HCC
patient samples have identified multiple cellular
signaling pathways, including WNT/CTNNB1, MAPK,
PI3K/AKT/MTOR, TERT, TP53/cell cycle, hepatic
differentiation, epigenetic regulation, chromatin
remodeling, oxidative stress, IL6/JAK-STAT3
[49,50]
and TGFB
. In addition, numerous significant
HCC driver genes, such as TERT, TP53, CTNNB1,
[49,50]
AXIN1 and ARID1A have also been identified
.
Additionally, TP53 mutation was frequently found
[50]
in HBV-related HCC patient samples . A large
number of components are involved in each of these
pathways, many of which may pose effects on the
tumor initiation, promotion and progression, which
challenges the screening of potential therapeutic
drugs for treatment. Insertional mutagenesis by the
SB transposon system is a powerful tool for studying
HBV-induced HCC through forward genetic screens,
and SB-mediated gene delivery is a powerful tool
for reverse genetic studies. Snd1, an oncogene that
promotes HCC angiogenesis, was a recurrent CIS
gene in liver tumor samples from various studies using
the SB transposon system forward genetic approach
including a study done in the context of transgenic
[63,65-67]
HBsAg expression
. Many other candidate genes
likely to play a role in promoting HBV-associated HCC
have been identified in these studies. There is also
ample data on genes commonly mutated in HBVassociated liver tumors, and genes whose expression
or function may be altered by HBV proteins. We have
developed a unique rapid in vivo model to validate
candidate liver cancer genes that can be used to study
potential drivers of HBV-associated HCC. It relies on
the use of the Fah-deficient mouse that is transgenic
-/+/- [81,84]
for the SB transposase gene (Fah /SB )
. As
described earlier, candidate genes can be easily cloned
into transposon-based delivery gene vectors and
introduced specifically into the livers of these mice
[59]
using hydrodynamic tail vein injection . This system
can be used to study both cellular and viral genes.
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Importantly, these models could be used in pre-clinical
trials to test novel therapeutic drugs. Therefore, we
propose to use this rapid system to generate many
genetic mouse models of HBV-induced HCC to further
investigate the tumorigenic mechanisms. Currently, we
have generated mouse models that recapitulate several
molecular subclasses of human HCC: neuroblastoma
RAS viral (v-ras) oncogene homolog (NRAS), CTNNB1,
[37,65,81]
Poly7, and HBV-induced
. The heterogeneity and
complexity of HBV-induced HCC has thus far precluded
the full understanding of the genetic mechanisms
associated with this deadly disease needed to develop
effective treatments and preclinical models. We believe
the SB transposon system may allow the discovery of
drug targets and development of preclinical models
desperately needed to advance this field.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most
commonly diagnosed and deadly cancers worldwide;
its incidence has been rising in the United States due
to the increase in hepatitis C associated cirrhosis and
the growing epidemic of obesity. There have been no
effective therapeutic options in the advanced disease
setting beyond sorafenib, a multi-targeted tyrosine
kinase inhibitor that showed significant survival benefit.
Because of this, there is an urgent need to search for
novel pathways in sorafenib experienced patients. This
review will focus on the role of hypoxia and hypoxiainducible factor alpha (HIF-1α) in cancer development,
specifically in HCC. We will discuss the biology of
HIF-1α, the pathways with which it interacts, and
the function of HIF-1α in HCC. Furthermore, we will
review studies highlighting the relevance of HIF-1α
in the clinical setting, as well as the pre-clinical data
supporting its further investigation. Finally, we will
conclude with a discussion of the potential role of a
HIF-1α mRNA antagonist for the treatment of HCC, and
hypothesize the ways in which such an inhibitor may
be best utilized in the management of advanced HCC.
Hypoxia plays a significant role in the development
of HCC. HIF-1α is a key transcription factor involved
in the hypoxic response of cancer cells. It activates
transcription of genes responsible for angiogenesis,
glucose metabolism, proliferation, invasion and
metastasis in HCC. Its involvement in multiple, essential
tumor pathways makes it an attractive potential
therapeutic target in HCC.
Key words: Hypoxia; Hypoxia-inducible factor alpha;
Hepatocellular carcinoma; Vascular endothelial growth
factor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Beyond sorafenib, limited systemic treatment
options exist for the treatment of advanced hepa
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tocellular carcinoma (HCC). Hypoxia and hypoxiainducible factor alpha (HIF-1α) have emerged as
important factors in the development of HCC. This
review focuses on the scientific background and preclinical data of HIF-1α and will conclude in a discussion
of the clinical relevance of this transcription factor and
its potential therapeutic role, particularly in combination
with other therapies, in HCC. A phase IB clinical trial to
investigate a HIF-1α mRNA antagonist in HCC patients
who have failed first line systemic treatment is currently
underway.
Lin D, Wu J. Hypoxia inducible factor in hepatocellular
carcinoma: A therapeutic target. World J Gastroenterol 2015;
21(42): 12171-12178 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/12171.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.12171

INTRODUCTION
Worldwide, hepatocellular carcinoma (HCC) remains
th
th
the 5 and 7 most common cancer diagnosed in
men and women, respectively; it is responsible
[1]
for over 500000 deaths annually . HCC typically
occurs in the setting of chronic liver disease and
cirrhosis, which are closely related to risk factors
such as hepatitis B or C infection and alcohol abuse.
In the United States, the incidence of HCC is rising,
owing in large part to the increase in hepatitis C
associated cirrhosis, and the latency that exists
between timing of hepatitis C infection, cirrhosis, and
[2]
ultimately development of HCC . Although the recent
successful treatment of hepatitis C has brought about
excitement in the medical community, the potential
for patients with preexisting, residual cirrhosis to
develop HCC may increase due to prolonged lifespan
after treatment of viral infection. Moreover, the rising
incidence of obesity and its association with metabolic
syndrome has paralleled the rise in HCC, with insulin
resistance, increased tissue necrosis factor activity,
and non-alcoholic steatosis all implicated as possible
[3]
mechanisms of pathogenesis for HCC .

Hypoxia, a reduction in tissue oxygen tension due to
inadequate oxygen supply, has been implicated in
pathways promoting tumor growth. Although hypoxia
itself is toxic to cancer cells, it also appears to induce
a series of adaptive, “pro-survival” changes in the
tumor, which include a shift from aerobic to anaerobic
metabolism, an increase in erythropoietin to promote
rise in hemoglobin, and an increase in growth factors
[7]
leading to angiogenesis . Furthermore, hypoxia has
been associated with resistance to chemotherapy and
radiotherapy, and is closely related to poor clinical
outcomes. Hypoxia-inducible factor (HIF-1) is an
important transcription factor involved in the hypoxic
response of cells, and functions in tumor development
and progression. One of its target genes, vascular
endothelial growth factor (VEGF), is one of the major
components of angiogenesis and tumor proliferation.
Among the subunits of HIF-1, HIF-1α has been
implicated in cancer progression. This review will
therefore focus on the scientific background of HIF-1α,
its biology, existing pre-clinical data, and its potential
role in the treatment of advanced HCC.

HIF-1: BIOLOGY AND SIGNIFICANCE

For early stage disease, which represents only 15%
of all patients with HCC, potentially curative thera
peutic options include liver resection, transplantation,
and ablation. Nevertheless, recurrence of disease
or development of metastases commonly occurs in
patients post-resection, with 50% of patients recurring
within two years; the three-year survival rates post
recurrence have been 10%-40%, depending on the
[4,5]
stage of disease . The majority of patients with HCC
often present with advanced disease not amenable
to cure or locoregional therapy, and only systemic
therapy can be offered.
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Considered chemotherapy-refractory, HCC has
seen very few successful advances within the realm
of systemic treatment. With the success of the
randomized, phase Ⅲ SHARP trial by Llovet and
colleagues in 2008, sorafenib, an oral multikinase
inhibitor of the vascular endothelial growth factor
receptor, platelet-derived growth factor receptor, and
Raf serine/threonine kinases, has established itself
as the standard systemic treatment for advanced,
unresectable HCC, based on an improvement in overall
survival (OS) of nearly three months compared to
[6]
placebo . Since then, unfortunately, no agent has
come to demonstrate a similar, significant survival
advantage in the first-line setting. Moreover, despite
numerous studies of various treatment options, no
agent has proven beneficial as a standard secondline therapy. Therefore, investigation of novel and
effective therapy in the second-line setting is urgently
warranted.

Hypoxia, HIF-1, and cancer

Incidence of hepatocellular carcinoma

Current treatment options in HCC

Systemic therapy for HCC

Structure of HIF-1

HIF-1 is a heterodimeric transcription factor which
consists of the oxygen-sensitive HIF-1α and the
constitutively expressed HIF-1β [also known as aryl
hydrocarbon receptor nuclear translocator (ARNT)].
Both subunits contain basic helix-loop-helix (bHLH)
motifs and PER-ARNT-SIM (PAS) domains needed for
dimerization with hypoxia response elements (HRE) in
[8]
the promoter region of target genes (Figure 1).

HIF-1α degradation

The expression of HIF-1α is determined by both its
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bHLH

PAS

ODDD

N-TAD

C-TAD
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Add OH group
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Inhibit

HIF-1b
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Figure 1 Structure of hypoxia-inducible factor-1. Hypoxia-inducible factor (HIF)-1 is a heterodimer comprising HIF-1α and HIF-1β. Both subunits contain basic
helix-loop helix (bHLH) motifs and PER-ARNT-SIM (PAS) domains needed for dimerization and binding to hypoxia response elements (HREs) in the promoter region
of target regions. HIF-1α contains two transactivation domains: the NH2-terminal transactivation domain (N-TAD), located on the oxygen-dependent degradation
domain (ODDD), and the carboxy-terminal transactivation domain (C-TAD). Both transactivation domains are essential for promoting HIF-1α target gene transcription.
Hydroxylation of N-TAD and C-TAD of HIF-1α leads to inhibition of HIF-1α target gene transcription.

synthesis, which is regulated in an oxygen independent
manner, and its degradation, which is regulated in an
[9]
oxygen dependent manner .
In the presence of oxygen or “normoxia,” prolyl
hydroxylases modify proline residues 402 and 564
in the NH2-terminal transactivation domain of the
oxygen-dependent degradation domain of HIF1α, which allows for the interaction of this subunit
with von Hippel Lindau (VHL) tumor suppressor
[10-12]
protein
. VHL is then recognized by E3 ubiquitinprotein ligase which targets HIF-1α for ubiquitination
[13,14]
and proteasomal degradation
. In addition to
hydroxylation of proline residues, hydroxylation of
the asparagine 803 residue in the carboxy-terminal
transactivation domain (C-TAD) of HIF-1α (in the
setting of normoxia) via factor inhibiting HIF-1 (FIH-1)
blocks transcriptional coactivation of HIF-1α with p300
and CREB binding protein (CBP), and hence inhibits
[15,16]
transcription of target genes
(Figure 2).

HIF-1α and hypoxia

Under hypoxic cellular conditions, hydroxylation
decreases due to inactivation of proline hydroxylases,
leading to the inability of VHL to bind to HIF-1α and
diminishes the degradation of HIF-1α. Stabilized HIF1α, in turn, accumulates and translocates from the
cytoplasm into the nucleus, where it dimerizes with
HIF-1β and interacts with cofactors, such as p300/CBP,
to bind to DNA on HREs, ultimately activating target
gene transcription and mRNA, and eventually protein
synthesis (Figure 2).

HIF-1α synthesis

In addition to this oxygen dependent mechanism of
regulation leading to degradation, HIF-1α synthesis
is mediated by growth factor binding to tyrosine
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kinase receptors, causing an activation of the
phosphatidylinositol 3-kinase (PI3K) and ERK mitogenactivated protein kinase (MAPK) pathways, which
represent the primary pathways responsible for cell
[17]
proliferation and survival . PI3K activates Akt and
mammalian target of rapamycin (mTOR). In the MAPK
pathway, a series of kinase activation occurs from Ras
ultimately to ERK. Both the PI3K and MAPK pathways
converge in activating proteins that upregulate the
translation of HIF-1α mRNA into protein (Figure 3).

HIF-1α : Function in cancer

[18,19]

Nearly 100 HIF-1 target genes have been identified
.
Transcription of these target genes produce factors
essential for tumorigenesis, such as angiogenesis,
glucose metabolism, survival, invasion and metas
[18,20]
tasis
. Directly activated by HIF-1, VEGF is a potent
growth factor stimulating proliferation of endothelial
cells and promoting angiogenesis, particularly in areas
[21]
of hypoxia . Furthermore, hypoxia and HIF-1α cause
an increased production in enzymes and glucose
transporters involved primarily in oxygen-independent,
[22,23]
anaerobic glycolysis
. Hypoxia and HIF-1α induce
growth factors, such as insulin-like growth factor-2
and transforming growth factor-α, which bind to their
receptors, inducing a signal transduction cascade
leading to cell proliferation and survival, and in turn
[19]
stimulating further production of HIF-1α . To promote
invasion and metastasis, HIF-1α induces a process
called epithelial-mesenchymal transition by suppressing
E-cadherin, which plays a role in maintaining epithelial
[24,25]
integrity
. The reduction of E-cadherin therefore
will leave more space for tumor cells to invade through
the epithelial layer and eventually metastasize. In
addition, HIF-1α upregulates expression of matrix
metalloproteinases, which have been associated
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Figure 2 Oxygen-dependent mechanism of hypoxia-inducible factor-1α degradation. In the presence of oxygen (normoxia), hypoxia-inducible factor (HIF)-1α
undergoes hydroxylation via prolyl hydroxylases. This causes HIF-1α to interact with von Hippel Lindau (VHL) tumor suppressor protein, which is in turn recognized
by E3 ubiquitin ligase, which targets HIF-1α for ubiquitination and degradation. Under hypoxic conditions, reduced oxygen leads to inactivation of prolyl hydoxylases,
which diminishes hydroxylation and, therefore, reduces degradation of HIF-1α. Stabilized HIF-1α accumulates and translocates into the nucleus, where it dimerizes
with HIF-1β and interacts with cofactors, such as p300 and CREB binding protein, to bind to DNA on hypoxia response elements (HREs). This activates transcription
of HIF-1α target genes, leading to angiogenesis, glycolysis, survival, and invasion and metastasis of cancer cells.

with the degradation of extracellular matrix (ECM)
including basement membrane, removing another
defense mechanism to allow tumor cells to successfully
[26,27]
invade
.
Opposite to tumorigenesis, HIF-1α also interacts
with the tumor suppressor p53 gene, which in turn
promotes transcription of pro-apoptotic genes. More
specifically, p53 activates transcription of BAX which
acts at the mitochondrial level to promote release
of cytochrome C, activating a series of caspase
[28]
signaling, and ultimately leading to apoptosis . P53
has also been demonstrated to downregulate BCL2,
[29]
an anti-apoptotic protein (Figure 3). Interestingly,
different downstream effects of the cell-death pathway
have been reported with HIF-1α, depending on its
interaction with different target genes in various
types of cancer cells. In ovarian cancer cell lines,
HIF-1α has been associated with better survival
[30]
outcomes , which may be explained by the usual
function of HIF-1α activating transcription of p53.
However, overexpression of HIF-1α in the setting of an
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inactivating mutation of p53 in ovarian cancer cells has
been shown to decrease apoptosis, and is associated
[30]
with shorter survival in these patients . In early
stage esophageal cancer patients, overexpression
of HIF-1α and BLC2 is associated with resistance to
[31]
photodynamic therapy . Furthermore, the mutation
rate of p53 has been reported from 30% to as high
as 67% in HCC, depending upon geographic region,
with sub-Saharan Africa and East Asia with higher
[32,33]
reported incidence
. HIF-1α expression in such
tumors combined with a P53 mutation may potentially
contribute to a worse prognosis in HCC.

RELEVANCE IN HCC
Hypoxia in HCC

Hypoxia plays a significant role in HCC development.
Since HCC typically arises in the setting of cirrhosis
induced by chronic liver injury, fibrinogenesis that
results from liver injury and cirrhosis leads to reduction
[34]
in vascularization, which contributes to hypoxia . As
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Figure 3 Hypoxia inducible factor 1α: protein synthesis and relation to apoptotis. Hypoxia-inducible factor (HIF)-1α synthesis is upregulated by growth factor
binding to tyrosine kinase receptors, causing activation of two pathways essential for cell proliferation and survival: the phosphatidylinositol 3-kinase (PI3K) pathway
and the mitogen-activated protein kinase (MAPK) pathway. Extracellular signal-related kinase (ERK) and mitogen/extracellular signal-related kinase (MEK) represent
members of the MAPK family which are activated as part of a signaling cascade. HIF-1α also interacts with p53, a tumor suppressor gene, which leads to transcription
of pro-apoptotic genes. p53 activates transcription of BAX which acts on mitochondria to promote release of cytochrome C, activating a series of caspase signaling,
which ultimately promotes apoptosis. In addition, p53 also downregulates BCL2, an anti-apoptotic protein. Together, these actions serve to increase apoptosis. mTOR:
Mammalian target of rapamycin.

a result, HCC may present as cavitary lesions in the
liver due to rapid growth of tumor, leading to necrosis
and hypoxia. Although hypoxia can suppress cell
proliferation and survival in normal cells, HCC cell lines
exhibit normal cell cycle despite hypoxia, due to HIF1α upregulated growth factors, such as VEGF which
promotes tumor proliferation, and hexokinases which
help generate ATP to provide an energy source for HCC
[35,36]
cells
.

evaluated HIF-1α expression in HCC patient tumor
samples and correlated expression with response to
treatment of abdominal lymph node metastases with
external beam radiotherapy (EBRT). They found that
high intratumoral HIF-1α expression was associated
with worse OS rates, and lower response to EBRT.
Due to its association with clinical outcomes, HIF-1α
may therefore also serve as a potential biomarker for
response to treatment in HCC.

HIF-1α overexpression in HCC

HIF-1α : Pre-clinical data in HCC

Identified as a poor prognostic factor in patients with
[37]
varying malignancies , high HIF-1α expression, as
measured by immunohistochemical analysis using
monoclonal antibodies, has been correlated with worse
[38]
clinical outcomes in patients with HCC . In a study
[39]
by Yang et al , HIF-1α exhibited high expression in
intratumoral tumor tissue, and was closely associated
with capsular infiltration and portal vein invasion; more
importantly, it was associated with shorter disease free
[40]
survival (DFS) and overall survival (OS). Xiang et al
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[41]

Experiments in hepatoma cells by Xia et al
suggest
that an interaction between HIF-1α and TNF-α leads to
binding to a proliferation-specific transcription factor,
Forkhead box M1 (FoxM1), enhancing proliferation
of hepatoma cells and resistance to apoptosis.
[42]
Furthermore, Xu et al found that HIF-1α induced cell
proliferation and cell cycle progression in hepatoma
HepG2 cells by influencing expression of Cyclin A and
Cyclin D. In the setting of hypoxia, HIF-1α has also
been demonstrated to facilitate transcription of MDR
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(multi-drug resistance) related genes in HepG2 cell
lines, contributing to resistance to chemotherapeutic
[43]
agents, such as 5-Fluorouracil (5-FU) . The activity
and relationship of HIF-1α in tumorigenesis have been
examined in xenograft assays, where tumor cells are
subcutaneously injected into immunodeficient mice
to evaluate for gene involvement in tumor growth.
Embryonic stem (ES) cells in HIF-1α knockout mice
exhibit impaired vascularization in xenografts, and
[44]
experience early in utero demise . Although these
studies involving cancer cell lines or xenografts are
limited by the lack of genetic heterogeneity that is
found in actual human tumors and the interactions that
may occur between tumor and stromal environment,
they serve as a step towards further investigations in
vivo.

FUTURE DIRECTION: POTENTIAL
THERAPEUTIC ROLE OF HIF-1a
Strategies targeting HIF-1 levels have a therapeutic
potential in HCC, since they may interrupt multiple
pathways implicated in angiogenesis, tumor
metabolism, invasion and survival. Down-regulation
of the HIF-1 complex via activation of hydroxylases,
through inhibition of HIF-1α binding to coactivators,
and through small molecule inhibitors has been
[45]
studied. In a study by Knowles et al , ascorbate
was found to suppress HIF-1α protein expression in
human cancer cell lines, by activating hydroxylases
[46]
and promoting HIF-1 degradation. Kung et al
reported reduced growth of tumor in xenograft
assays via injection into nude mice of a fusion protein
compromising GAL4 fused to the C-TAD of HIF-1α,
which blocks binding of HIF-1α to its coactivators,
p300/CREB. Furthermore, small molecule inhibitors,
such as topotecan, a topoisomerase inhibitor, have
been reported to negatively affect ribosome entry on
[47]
HIF-1α mRNA, preventing translation of protein .
Another avenue of investigation has been the
development of a HIF-1α mRNA antagonist. SPC2968
is a HIF-1α mRNA antagonist, which is a locked
nucleic acid (LNA) antisense oligonucleotide, causing
a down-modulation of HIF-1α mRNA and protein.
LNA oligonucleotides represent a new class of nucleic
acid analogs, in which conformational changes in the
chemical structure lead to higher affinity for mRNA
and higher potency in downregulation. This agent has
undergone phase I testing in advanced malignancies
to find the maximum tolerated dose and dose limiting
toxicities. Though a reduction in tumor size was
noted, there was no correlation with clinical efficacy.
A further exploration of this HIF-1α mRNA antagonist
(RO7070179) is underway in a Phase Ib proof-ofmechanism trial investigating this agent in patients
with HCC after failure of at least one line of systemic
[48]
therapy .
The therapeutic potential for HIF-1α directed
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therapy also lies in the possibility of combining
treatment with other targeted therapies to enhance
efficacy and prevent resistance. For example, a HIF1α inhibitor may be combined with drugs that target
the MAPK-RAF-ERK pathway, such as Sorafenib and
[49]
Regorafenib. Liang et al
reported the ability to
overcome intratumoral hypoxia-related Sorafenib
resistance in HCC cells by treating them with EF24,
which causes VHL-dependent HIF-1α degradation and
NF-κB inactivation. Combination of HIF-1 inhibitors
with mTOR inhibitors, which act upstream of HIF-1α,
such as Everolimus, may also downregulate synthesis
of HIF-1α and attenuate downstream signaling. Given
the regulatory role of HIF-1α in apoptotic pathways,
combination therapy with Stat3 inhibitors, which
upregulate expression of p53 (downstream of HIF1α, or with BCL2 inhibitors (also downstream of p53),
would increase cancer cell apoptosis and augment the
effect of HIF-1α inhibition (Figure 2).
Though HCC is considered relatively chemoresis
tant, possibly owing to a HIF-1 induced increase in
[50]
multidrug resistance gene expression , a HIF-1α
inhibitor may ultimately aid in absorption of systemic
chemotherapy agents, such as doxorubicin, and
[51]
enhance its effectiveness in HCC .
Finally, while early phase studies demonstrated
no clinical efficacy with HIF-1α mRNA antagonists,
the finding of tumor size reduction with therapy may
be clinically significant for HCC patients who are not
transplant candidates due to large tumor size. Given
that there is no effective treatment which significantly
reduces tumor size, a therapeutic intervention to
downstage tumor may open the possibility of liver
transplant in these patients for whom cure was
previously not considered.
Understanding the biology and various pathways
implicated in the pathogenesis of HCC is essential for
the development of effective targeted interventions
in advanced HCC. HIF-1α inhibition, particularly in
combination with other therapies, is a promising
area of research with the potential to help further the
advances in systemic treatment of HCC.
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Abstract
Western countries are seeing a constant decline in the
incidence of Helicobacter pylori -associated gastritis,
coupled with a rising epidemiological and clinical
impact of autoimmune gastritis. This latter gastropathy
is due to autoimmune aggression targeting parietal
cells through a complex interaction of auto-antibodies
against the parietal cell proton pump and intrinsic factor,
and sensitized T cells. Given the specific target of this
aggression, autoimmune gastritis is typically restricted
to the gastric corpus-fundus mucosa. In advanced
cases, the oxyntic epithelia are replaced by atrophic
(and metaplastic) mucosa, creating the phenotypic
background in which both gastric neuroendocrine
tumors and (intestinal-type) adenocarcinomas may
develop. Despite improvements in our understanding
of the phenotypic changes or cascades occurring in this
autoimmune setting, no reliable biomarkers are available
for identifying patients at higher risk of developing a
gastric neoplasm. The standardization of autoimmune
gastritis histology reports and classifications in dia
gnostic practice is a prerequisite for implementing
definitive secondary prevention strategies based on
multidisciplinary diagnostic approaches integrating
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endoscopy, serology, histology and molecular profiling.
Key words: Autoimmune gastritis; Metaplasia; Carcinoids;
Operative link for gastritis assessment staging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Autoimmune gastritis (AIG) is an emerging
gastropathy with a significant epidemiological and
clinical impact on Western populations. Despite a better
understanding of the phenotypic changes or cascades
occurring in this autoimmune setting, the etiopathogenic
mechanisms behind the disease are still poorly under
stood, histology reporting is not standardized, and
both the AIG-associated cancer risk and its secondary
prevention strategies remain confusing.
Coati I, Fassan M, Farinati F, Graham DY, Genta RM, Rugge
M. Autoimmune gastritis: Pathologist’s viewpoint. World J
Gastroenterol 2015; 21(42): 12179-12189 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i42/12179.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i42.12179

INTRODUCTION
The clinical relationship between gastric inflammatory
diseases and pernicious anemia was foreseen early in
the last century. In 1935, in “Gastritis and its conse
quences”, Knud Faber wrote: “…many observations
agree with the hypothesis of gastritis as the cause
of the anacidity, which is generally found in patients
with pernicious anaemia. All these problems that are
associated with pernicious anaemia, and the other
forms of anaemia we find in patients with anacidity,
must for the moment be approached with a certain
going. …It is not improbable that similar conditions
as in pernicious anaemia are to be regarded as
the cause of simple microcytic anacid anaemia….
In 1913, I mentioned a typical case of this disease
(i.e., pernicious anemia) where the microscopical
examination post mortem showed a diffuse follicular
[1]
gastritis” . In 1935, all that was known about the
bacterium now called Helicobacter pylori (H. pylori)
came from Bizzozero’s microscopic observations in the
[2]
stomach of dogs , but it is safe to assume that most,
if not all of Faber’s patients had H. pylori-associated
gastritis.
In Western populations the declining incidence
of infectious diseases coincides with an increasing
[3-5]
prevalence of autoimmune conditions . This situation
also applies to the gastric setting, where the declining
incidence/prevalence of H. pylori infection (in the
West, at least) parallels a rising clinical impact of
[6]
autoimmune gastritis (AIG) .
While the natural history of AIG is generally well
defined, several crucial aspects of this condition remain
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unclear: the pathogenesis of autoimmune aggression
is poorly understood, the clinical course of the disease
in individual patients is difficult to predict, and no
[7]
specific therapy is available .
Regarding the pathogenesis of the autoimmune
response, two - not necessarily exclusive - models
have been proposed. In one, considered most likely
to be seen in areas where the prevalence of H. pylori
infection is high, immune responses mounted against
H. pylori antigens start cross-reacting with antigens
that may be within the proton pump proteins or
produced by the host’s gastric mucosa (the intrinsic
factor). This leads to a cascade of cellular responses
that damage and eventually destroy the oxyntic
mucosa, which stops producing acid and thus becomes
both functionally and morphologically atrophic. In
the second model these same events would occur
irrespective of any presence of H. pylori infection, as a
[8]
“primary” or “pure” autoimmune disorder .
From the clinical point of view, in addition to an
impaired absorption of vitamin B12, which eventually
results in the clinical picture of pernicious anemia,
AIG has been associated with an increased risk of two
different neoplastic diseases: gastric neuroendocrine
tumors (NETs; previously referred as gastric car
[9]
cinoids), and adenocarcinoma .
This review focuses on how and when pathologists
can contribute to a multidisciplinary approach to the
diagnosis and clinical management of patients with
AIG.

EPIDEMIOLOGY
Several studies suggest that AIG is underdiagnosed.
Pernicious anemia - the most readily recognizable
clinical sign of AIG - is only seen in advanced disease,
and microcytic anemia (possibly an earlier sign of
gastric autoimmunity) is frequently treated without
[10]
thoroughly investigating its underlying cause .
AIG is more common in women and older people.
In the general population, its prevalence has been
estimated to vary between 2% and 5%, but - for
the reasons outlined above - these estimates may
be largely biased by the epidemiological context,
[10]
comorbidities and patient selection . AIG has
traditionally been associated with Northern European
descent, but recent studies do not support such a racial
clustering. In the US, for instance, a higher prevalence
of pernicious anemia has been observed among
African American and Hispanic women, and an earlier
age of onset has been reported in these ethnic groups
[6]
too . In short, the available data do not provide solid
information on the incidence/prevalence of AIG in the
[11]
general populations of different countries .

CLINICAL PRESENTATION
The clinical presentation of AIG is not associated with
[12]
any specific gastrointestinal signs or symptoms . In
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[13]

a recent study, Miceli et al examined the clinical and
pathological features leading to a diagnosis of AIG in
99 patients: the most common initial findings were
hematological disorders (various forms of anemia
accounted for 37% of cases), followed by a histology
positive for gastritis (34%). In less than 10% of the
patients, a clinical suspicion of AIG was aroused by the
concomitant presence of other autoimmune diseases,
celiac disease, neurological symptoms, or a positive
family history.
Microcytic anemia, the expression of iron defi
ciency, is a common presenting sign and is caused by
[13]
achlorhydria, which impairs iron absorption . In a
[14]
study by Hershko et al , up to 30% of patients with
iron-deficiency anemia and no clinical evidence of
blood loss were found to have AIG. Advanced disease
is clinically more obvious, when progressive parietal
cell loss results in severe cobalamin deficiency and
ultimately leads to macrocytic-megaloblastic anemia
coexisting with neurological symptoms and atrophic
[15]
glossitis .
The association between AIG and other auto
immune diseases is well recognized. Several reports
have highlighted a significant association with
[16]
type Ⅰ diabetes mellitus . AIG may also coexist
with polyglandular autoimmune (PGA) syndromes.
Pernicious anemia occurs in 10% to 15% of patients
with PGA type 1 syndrome (hypo-parathyroidism,
Addison’s disease, diabetes mellitus, and muco
cutaneous candidiasis), and in 15% of PGA type 3
patients (with diabetes mellitus, and autoimmune
[17,18]
thyroid diseases)
. The most common association,
however, is with autoimmune thyroiditis (“thyrogastric
autoimmunity”): more than 50% of AIG patients
[10]
have circulating anti-thyroperoxidase antibodies .
Significant associations have also been reported with
vitiligo, alopecia, celiac disease, myasthenia gravis,
[17]
and autoimmune hepatitis .

PATHOGENESIS
Autoimmune gastritis is the result of a complex
interaction between host-related factors (genetic
susceptibility) and environmental factors (both endo
[19]
genous and exogenous: the so-called “exposome” ).
The resulting immunological dysregulations involve
[20]
sensitized T lymphocytes and autoantibodies against
the parietal cell proton pump, and intrinsic factor.
The molecular grounds for the pathogenesis of AIG,
and particularly the initial events that precipitate the
autoimmune response, have yet to be fully elucidated.
The tissue damage results from an antibody-mediated
destruction of the parietal cells due to a selective
+
+
targeting of the H /K ATPase proton pump. This
non-self-limiting process also induces a progressive
loss of zymogenic chief cells, possibly mediated by
[21]
sensitized lymphocytes . Eventually, the vanishing
oxyntic mucosa cells are replaced by mucous cells
and metaplastic glands (of both intestinal and pseudo-
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pyloric type). In the advanced stages of the disease,
the mucosa of the gastric corpus is completely
replaced by atrophic and metaplastic epithelium, with
no oxyntic glands remaining, so acid production may
be completely lacking.
Several studies have addressed the role of H.
pylori infection in AIG pathogenesis, and there is
solid evidence to support a mechanism of molecular
mimicry between H. pylori antigens and the proton
[22]
pump . Epidemiological studies suggest that a
significant number of AIG patients have had, or still
have H. pylori infection, and anti-proton pump autoantibodies have consistently been demonstrated in H.
pylori-infected patients. Healthy individuals may have
+
+
+
H /K ATPase-autoreactive CD4 ve T cells that have
escaped negative thymic selection. Given a particular
HLA background (i.e., HLA-DR2/HLA-DR4 or HLADR4/
+
HLADR5), H. pylori infection may abrogate the CD4 ve
+
CD25 ve regulatory T cells that usually suppress
the activation of autoantigen-presenting dendritic
[23,24]
cells
.
The Japanese scientific literature strongly supports
the theory that AIG never occurs in the absence
[25]
of a triggering H. pylori infection (Sato, personal
communication), but this conviction is at odds with the
well-established evidence of AIG occurring in H. pylori[8]
[26]
naïve patients too . A study by Zhang et al on 9684
patients (53% H. pylori-positive and 55% female)
documented that an age-dependent prevalence of
anti-parietal cell autoantibodies (APCAs) was only
detectable among H. pylori-negative subjects. More
importantly, the association observed between APCAs
and atrophic gastritis was stronger among H. pylorinegative (OR = 11.3; 95%CI: 7-17) than among H.
pylori-positive patients (OR = 2.6; 95%CI: 2-3).

DIAGNOSIS
Serological biopsy

The clinical value of combinations of serological tests
for assessing the morphological and functional status of
[6]
the gastric mucosa has been extensively addressed .
In AIG, the typical serological profile includes auto
antibodies against intrinsic factor and parietal cells.
APCA levels and hypergastrinemia correlate significantly
with the inflammatory involvement of the oxyntic
mucosa and serum levels of anti-intrinsic factor auto
[21]
antibodies correlate with mucosal atrophy .
Loss of parietal cells results in significant functional
changes. The higher gastric pH leads to both antral G
cell hyperplasia and hypergastrinemia. The loss of chief
and mucous neck cells from the oxyntic glands induces
a progressive decrease in serum Pg Ⅰ, while the levels
of Pg Ⅱ (sustained by the normal secretion of the
unaffected antral glands) do not change significantly.
This situation leads to a declining Pg Ⅰ/Pg Ⅱ ratio,
which gives rise to the typical serological profile of
gastric autoimmune disease (hypergastrinemia and
[18-20]
gradually lower Pg Ⅰ/Pg Ⅱ ratios)
. Several studies
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have reported on the diagnostic usefulness of the
Gastropanel test (Biohit Oy, Finland) in the assessment
[27-29]
of AIG patients
.

Histology

The gastric mucosa gradually reveals a spectrum of
lesions ranging from minimal inflammatory disease
[30]
to severe corpus-restricted atrophic gastritis .
Inflammation restricted to the oxyntic mucosa is
generally considered the most reliable phenotypic
marker of AIG, but such an unequivocal topographical
picture is rare, particularly when concurrent H. pylori
infection induces antral gastritis.
Long-term follow-up studies suggest that early AIG
exhibits no distinctive gross changes. In the absence
of H. pylori infection, the antral mucosa is essentially
devoid of inflammation and the epithelium is either
normal or shows foveolar hyperplasia (“reactive
gastropathy”), probably related to the trophic effects
[31]
of hypergastrinemia . As the oxyntic atrophy
progresses, the corpus and fundus mucosa becomes
irregularly flattened. The uneven loss of oxyntic glands
gives rise to a grossly pseudo-polypoid appearance,
with lesions consisting of foci of spared oxyntic native
mucosa amidst the atrophic areas. This macroscopic
appearance emphasizes the need to obtain biopsies
from both non-polypoid and polypoid mucosa during
endoscopic sampling procedures.
Without wishing to oversimplify the matter, it may
be useful for explanatory purposes to separate the
distinctive histological features of the oxyntic mucosa
in AIG into four basic, sometimes overlapping phases.
Firstly, the earliest phase features an uneven
infiltration of plasma cells and lymphocytes involving
the full thickness of the lamina propria, with a mainly
top-down gradient. The lymphocytes may be organized
in nodular or follicular structures. Eosinophils and rare
neutrophils can occasionally be seen. Mononuclear
cells may be found intimately connected with glandular
epithelial cells (intra-epithelial mononuclear infiltrate).
There may be a patchy destruction of oxyntic glands.
Secondly, in a later phase of the disease, lym
phocytes and plasma cells form a dense infiltrate in
the lamina propria, while atrophic glandular alterations
become clearly visible. In the oxyntic tubules, the native
population of parietal and chief cells alternates with a
new phenotype of clear, mucosecreting epithelia, with
the phenotype of antral glands (“oxyntic antralization”).
This metaplastic process is known as pseudo-pyloric
metaplasia, or (as more recently proposed) as spas
molytic polypeptide-expressing metaplasia (SPEM).
The etiological specificity of these metaplastic cells
is questioned. It has been suggested that they may
be pathogenically linked to any longstanding oxyntic
inflammation; and this interpretation is consistent
with their occurrence in inflammatory gastric polyps
and Crohn-associated gastritis. On the other hand,
recent experimental studies suggest that SPEM may
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also result from toxic damage to parietal cells (caused,
for example, by DMP-777, an elastase inhibitor that
ablates parietal cells without eliciting an inflammatory
[32]
response) . It has been demonstrated that parietal
cell disruption also results in the dysregulation of
parietal cell-derived signaling molecules involved
in the proper differentiation of zymogen-secreting
[33]
chief cells . Whatever its pathogenic pathway, this
SPEM population is believed to derive either from the
[34]
transdifferentiation of mature chief cells , or from
[32]
progenitor cells in the neck of the oxyntic glands .
SPEM cells are characterized by newly-expressed
immunohistochemical markers, such as HE4 and Tff2,
neither of which are expressed in native oxyntic glands.
On the other hand, the original oxyntic commitment of
pseudopyloric metaplastic epithelia may be disclosed
by their chimeric expression of Pg Ⅰ, as documented by
immunohistochemistry.
Thirdly, gastric gland intestinalization may develop
in native oxyntic glands, or it may follow after an earlier
pseudopyloric transformation. This last hypothesis relies
on the immunohistochemical neo-expression of HE4
[35,36]
in both SPEM and intestinalized glands
. According
[36]
to Goldenring , SPEM progression to intestinal
metaplasia probably gives rise to a hyperproliferative
state prone to genetic instability, potentially leading to
gastric malignancy.
Lastly, advanced AIG is characterized by a marked
reduction or complete absence of oxyntic glandular
units (oxyntic mucosa atrophy), which are replaced
by fibrosis of the lamina propria (“oxyntic mucosa
desertification”), and pseudo-pyloric and intestinalized
metaplastic glands. Other common features include
hyperplasia of the muscularis mucosae, oxyntic
pseudo-polyps, hyperplastic or inflammatory polyps,
and enterochromaffin-like (ECL) cell hyperplasia.
As the target of the autoimmune reaction gradually
disappears, the inflammatory component becomes less
prominent.
As expected, in cases of concurrent H. pylori
infection, the antral mucosa may feature the classic
spectrum of H. pylori-related lesions. In such cases,
AIG can only be diagnosed on the strength of its
specific serological profile (anti-parietal cell and anti[6]
intrinsic factor autoantibodies) .

THE ELEMENTARY LESIONS OF AIG
Mucosal atrophy

Gastric mucosal atrophy, defined as the loss of
“appropriate” glands, may occur in two different,
usually coexisting forms. In one, the disappearing
glandular units are replaced by fibrotic expansion of the
lamina propria, resulting in a reduced glandular mass
with no change in the native glandular phenotype.
In the other form, native glands are replaced by
[37,38]
metaplastic glands featuring a new commitment
.
Metaplastic atrophy does not necessarily imply a
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numerical reduction in the number of the glandular
units, but the metaplastic replacement of native
glands ultimately results in a declining population of
glandular structures “appropriate” to the compartment
concerned. The progressive replacement of functionallyspecialized native glands with non-functioning fibrotic
tissue or metaplastic cells results in the loss of the
specialized functions of the oxyntic mucosa, the most
evident of which is acid production.
Within the oxyntic mucosa, there may be both
pseudo-pyloric metaplasia and intestinal metaplasia
(IM). A third variant, pancreatic acinic cell metaplasia,
may also occur. Its detection in the oxyntic mucosa of
gastritis patients “should inject a strong suspicion for
an autoimmune pathogenesis”, but its clinical impact
[38]
seems to be negligible .
IM is defined as the replacement of glandular or
foveolar epithelium by intestinal-type epithelium.
In AIG, IM arises in previously-antralized oxyntic
glands (i.e., from pseudo-pyloric metaplasia). Based
on its histological features on hematoxylin and eosin
staining, IM has been divided into two main subtypes:
small-intestinal and colonic. Histochemical methods
[staining mucins with high-iron diamine (HID)] help
to distinguish Type Ⅰ (incomplete, or small-intestinal
type) IM from Types Ⅱ and Ⅲ (complete, or colonictype), depending on the acidity of the mucus and the
morphology of the mucosecreting epithelia. Type Ⅲ
features sulfomucins in the columnar epithelium and
is generally regarded as the IM subtype associated
[39]
with the highest risk of neoplastic transformation .
Intestinalization of the gastric glands parallels the
induction of the intestinal transcription factor Cdx2,
which results in both MUC2 upregulation, and a
[40]
decreased expression of MUC5AC .

Neuroendocrine cell hyperplasia

The gastric hypochlorhydia or achlorhydria associated
with advanced AIG stimulates sustained gastrin
secretion by the antral G cells, and the resulting
hypergastrinemia triggers ECL cell proliferation. ECL
cells are involved in the synthesis of the molecules
responsible for histamine processing (histidine
decarboxylase, and vesicular monoamine transporter
type 2), and possibly for histamine secretion, which in
turn stimulates acid secretion from adjacent parietal
[6,12]
cells
.
In advanced AIG, ECL cells may feature a broad
spectrum of changes, ranging from “true” hyperplasia
to endocrine neoplasia.
The earliest lesion is linear ECL cell hyperplasia,
conventionally described as a set of five adjacent
chromogranin-expressing ECL cells lining the glandular
neck region. ECL cell hyperplasia is also known to
develop from the hypergastrinemia caused by the longterm administration of proton pump inhibitors (PPIs),
although the use of PPIs has not been associated
[41]
with gastric neuroendocrine tumors (NETs) . The
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term “micronodular hyperplasia” is applied to more
advanced lesions that form clusters of neuroendocrine
cells (not exceeding the diameter of a gastric gland,
i.e., < 150 μm) surrounded by basement membrane.
Five or more clusters of micronodules are defined as
adenomatoid hyperplasia, a confusing term rarely used
[6]
in practice .
ECL cell dysplasia refers to individual nodules
(larger than 150 μm in diameter) with no evidence of
basal membrane. Dysplastic nodules may progress to
microinvasive tumors infiltrating the lamina propria,
associated with perinodular fibroplasia. The factors
that may contribute to neoplastic progression include
mutations in the MEN1 or REG genes, which provide a
[42]
negative feedback for gastrin secretion .
It has been demonstrated in a transgenic mouse
model that, under certain conditions, progenitor cells
of the oxyntic glands may give rise to a cell population
characterized by the loss of native parietal cells marker
(i.e., H/K-ATPase) expression, the neo-expression
of neuroendocrine antigens (chromogranin A), and
a phenotype on electron microscopy consistent with
[43]
entero-endocrine cells . These findings may point to
a possible morphogenetic pathway for neuroendocrine
tumors associated with AIG.

Neuroendocrine tumors

Micro endocrine tumors (i.e., micro carcinoids) are
nodules of ECL cells (ranging from 0.5-5 mm in
diameter) that escape detection at endoscopy. When
the diameter of these neuroendocrine proliferations
exceeds 5 mm, they become endoscopically detectable
and are histologically categorized as NETs.
Gastric NETs are relatively rare, with an annual
incidence between 0.4% and 2%. Amongst all NETs,
the US SEER database has demonstrated a rising
incidence of gastric NETs: from 2.2% between 1950
and 1969 to 6.0% between 2000 and 2007. They
account for 0.6%-2% of all gastric polyps identified
[44]
at endoscopy . The rising incidence/prevalence of
gastric NETs may be due to the increasing number of
endoscopy procedures performed in AIG patients, and
to a greater capacity to recognize these tumors.
Three different types of gastric NET have been
described: (1) NETs arising in corpus-predominant
atrophic gastritis (Type 1); (2) NETs associated
with gastrinoma and MEN-1 syndrome (Type 2;
due to inactivating mutations in the MEN1 and REG
genes, which provide a negative feedback for gastrin
[15]
secretion ); and (3) sporadic NETs (Type 3).
AIG-related NETs (i.e., Type 1 NETs) account for
70% to 80% of all gastric neoplasms deriving from
ECL cells. Type Ⅰ carcinoids are significantly associated
with pernicious anemia: a 13-fold higher risk of AIGrelated NETs emerged among 4000 Swedish patients
[45]
with pernicious anemia .
These tumors are often multiple, small (< 1 cm in
diameter), with the endoscopic appearance of a sessile
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polyp in the oxyntic mucosa. Clinically, they are rather
indolent and functionally “mute”, and the prevalence of
regional nodal metastases is less than 5%. These tumors
are mostly restricted to the mucosa or submucosa
and consist of well-differentiated monotonous
cells, with a weak proliferative activity. Because of
their peculiar phenotype/immuno-phenotype, their
consistent expression of neuroendocrine markers (i.e.,
chromogranin, synaptophysin, and CD56), and their
clinical-pathological setting, gastric NETs are usually
easy to diagnose. Mib1 staining is needed to identify
proliferating cells and establish the tumor’s grade (which
can be done by using the Mib1 labeling index or the
[46]
mitotic count) .
The overall survival rate for patients with gastric
NETs is similar to that of the general population, i.e.,
[46]
95% at 5 years and 74% at 10 years .
Although the WHO recommends avoiding the
historically-used term “carcinoid”, which should only
be applied to the clinical syndrome, well-differentiated
gastric NETs are still commonly referred to as carcinoids.

Oxyntic pseudo-polyps

Against a background of atrophic AIG, the remnants of
unaffected oxyntic mucosa may have the endoscopic
features of pseudo-polypoid lesions. These areas are
endoscopically similar to their intestinal counterparts
in inflammatory bowel diseases. Histologically, they
consist of oxyntic mucosa spared by the atrophic and
metaplastic process, but often showing moderate
chronic inflammation.

Hyperplastic polyps

Hyperplastic polyps are meta-inflammatory pro
liferations of the gastric foveolar cells. They are
characterized by elongated, branching, and dilated
hyperplastic foveolae lying in an edematous, hyper
vascular, inflammatory stroma. Superficial erosions
are common, and result in chronic blood loss, further
contributing to these patients’ iron-deficiency anemia.
While hyperplastic polyps arising in patients with AIG
are morphologically similar to those encountered in
other types of gastritis, they more often tend to be
proximally located and multiple.

Pyloric gland adenoma

Pyloric gland adenomas are relatively rare tumors,
[3]
usually occurring in females and AIG patients . Pyloric
gland adenoma prevails mainly among AIG patients
(51% of a German cohort of 373 patients, and 77%
of a series of 189 patients in the United States).
The most common site of the lesion was the oxyntic
mucosa (54%), followed by the cardia region (17%)
[47]
and gastric bulb (8%) .
Pyloric gland adenoma consists of closely-packed
pyloric-type glands, lined with cubic or columnar
mucus-secreting cells that express both MUC6
and concavalin A. Although the adenomatous cell
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population is bland, dysplasia may occur, and there
have been reports of progression to pyloric-type
[48-50]
gastric adenocarcinoma
.

Gastric adenocarcinoma

Longstanding atrophic AIG is considered a pre
[41]
cancerous condition . In a Swedish cohort of 4000
patients with pernicious anemia, a 20-year followup documented a three-fold risk of gastric cancer
[45]
(GC) . The most important risk factors include clinical
evidence of pernicious anemia, severity of atrophy, the
presence of intestinal metaplasia, the duration of the
[9]
disease, and age over 50 years .
In a T-cell receptor transgenic mouse model,
[51]
Nguyen et al
recently demonstrated that an
immunological attack against a peptide from the
parietal cell antigen H/K ATPase may result in the
whole spectrum of histological lesions associated with
AIG. By 2-4 mo of age, these transgenic mice develop
severe oxyntic atrophic/metaplastic lesions (including
SPEM), higher levels of mRNA for cancer biomarkers
(HE4, OLFM4, TFF2) and of phosphorylated STAT3,
and high-grade intra-epithelial neoplasia.
Few studies have addressed the difference in
the cancer risk between H. pylori-associated (i.e.,
“secondary”) AIG and “primary” AIG. This is not
surprising, given the difficulty of reliably distinguishing
between the two. While some studies suggested a
higher cancer risk associated with corpus gastritis,
they all contained significant confounding factors.
For instance: (1) most of them involved patients
with concomitant/previous H. pylori infection; (2)
the atrophic/metaplastic lesions in the antrum and
corpus mucosa were not scored separately; and (3)
the prevalence of concomitant autoimmunity was
not explored. The gastric cancer risk associated with
“primary” as opposed to “secondary” AIG consequently
[52,53]
remains unknown
.

THE PATHOLOGIST’S ROLE IN
ASSESSING AIG: THE DIAGNOSTIC
IMPACT OF BIOPSY MAPPING
The definitive diagnosis of AIG results mainly from a
combination of clinical findings (hematological profile,
anti-parietal cell antibodies, serum gastrin), and
histology (Figure 1). For cases with a presumptive
diagnosis of AIG, the histological assessment demands
a topographically defined biopsy sampling procedure
that is uncommonly performed in most practices,
where one or two antral specimens are often all that
is taken. Pathologists are therefore rarely provided
with an optimal set of samples for the purpose of even
suggesting a diagnosis of AIG.
The assessment of a case relies on effective
communications between gastroenterologist and
pathologist. Whenever significant inflammation,
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Gastritis etiopathogenetic models

H. pylori associated gastritis

Autoimmune gastritis

OXYNTIC
MUCOSA

ANTRAL
MUCOSA

No symptoms or dyspepsia

Coexisting Autoimmune diseases

Clinical
presentation

No Symptoms or Dyspepsia
Gastrin: 17 ↑

Gastrin 17: ↓
Pepsinogen Ⅰ: normal
Pepsinogen Ⅱ: ↓↑

Pepsinogen: Ⅰ ↓
Pepsinogen Ⅱ: normal
Autoantibodies to intrinsic factor

Serology

Antibodies to H. pylori

Active Gastritis (different stages)

Gastric Cancer: ↑ according to gastritis stage

Autoantibodies to parietal cells

Pathology

Corpus restricted Gastritis (different stages)

Gastric Cancer: ↑ according to gastritis stage
Carcinoid: ↑ according to oxyntic atrophy score

Neoplastic risk

Figure 1 Helicobacter pylori-related vs autoimmune gastritis. Main differences in clinical presentation, serology (immunological and functional profiles), pathology,
and neoplastic risk. H. pylori: Helicobacter pylori.

atrophy, or metaplasia are detected in the oxyntic
samples in a representative gastric biopsy set, and the
antral mucosa only shows minimal or reactive changes,
it is incumbent on the histopathologist to report a
strong suspicion of an autoimmune component, even
in the absence of other clinical information to support
this impression.
Early AIG is essentially impossible to diagnose
and even difficult to suspect. According to the Sydney
system, the diagnosis of gastritis should be based on
the separate assessment of at least three samples
from the antrum (including the incisura angularis), and
two from the gastric body; and any focal lesions should
[54,55]
be biopsied too
. When such topographically welldefined samples are available, the presence of chronic
gastritis with minimal or no active inflammation in the
corpus, and a relatively normal antral mucosa in the
absence of H. pylori infection should elicit the suspicion
of an early autoimmune phenomenon.
A histological underestimation of AIG may stem
from three (possibly concurrent) technical situations:
(1) inconsistencies in the number of biopsy samples
available (e.g., only 2 specimens, 1 of antral and
the other of oxyntic mucosa); (2) inconsistent
mapping of the gastric mucosa (e.g., four biopsy
samples, all from the antrum); and (3) inappropriate
sample submission procedures (e.g., biopsy samples
obtained from different sites, but all submitted in
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the same vial). Metaplastic changes can affect the
oxyntic mucosa (i.e., pseudo-pyloric metaplasia), so
biopsy samples obtained from the corpus and fundus
may be misinterpreted as coming from a naturally
mucosecreting (antral) mucosa. Hence the need to
submit two biopsy samples from the oxyntic mucosa,
two from the antrum and one from the angularis
mucosa, all in different vials. In exceptional cases,
the immunohistochemical detection of the chimeric
expression of Pg Ⅰ, and the rarity/absence of G cells
may nonetheless support the oxyntic origin of a biopsy
[54,55]
sample
.
A schematic representation of the main diagnostic
scenarios occurring in AIG histopathology is shown in
Figure 2.

THE PATHOLOGIST’S ROLE IN
SECONDARY PREVENTION STRATEGIES
Both pernicious anemia and atrophic gastritis are
[56]
considered precancerous conditions : the real GC risk
associated with AIG is still debated, and concomitant
risk factors (particularly H. pylori infection) are
believed to act as cancer co-promoters, significantly
increasing the magnitude of the basic risk associated
with a pure autoimmune etiology. Based on this
rationale, AIG patients are eligible for GC secondary
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Antrum

A0

A0-1

A0-1

A0-1

A0-1

Corpus

Lesion

Further testing

Final diagnosis

Corpusrestricted
gastritis

Serology for AIG

Suggestive of AIG
Strong clinical suspicion

Corpuspredominant
gastritis

Serology for AIG
IHC for chromogranin to
exclude ECL hyperplasia

Compatible with AIG

Serology for AIG
IHC for chromogranin in all
corpus samples

Compatible with AIG
Rule out use of PPI
Suggest follow-up

Serology for AIG
IHC for MIB1 and p53 to
stratify IEN lesions

Compatible with AIG
Suggest follow-up in LG-IEN
Endoscopic/surgical intervention
for HG-IEN and GC

Serology for AIG
IHC for chromogranin
IHC for MIB1 for grading

Compatible with AIG
WHO grading system

C0

C2-3

C2-3

ECL hyperplasia

C2-3

C2-3

IEN-GC

NET

Figure 2 Schematic representation of the main diagnostic histological pictures seen in autoimmune gastritis. Metaplastic changes in the antrum and corpus
are staged using the OLGA system. IHC: Immunohistochemistry; ECL: Enterochromaffin-like; IEN: Intraepithelial neoplasia; LG-IEN: Low-grade IEN; HG-IEN: Highgrade IEN; GC: Gastric carcinoma; OLGA: Operative link for gastritis assessment; AIG: Autoimmune gastritis; PPI: Proton pump inhibitor.

prevention strategies. No evidence-based protocols
are currently available, however, for stratifying AIG
patients in different risk classes.
The American Society for Gastrointestinal Endo
scopy 2006 guidelines for endoscopy of premalignant
conditions recommend a single endoscopic assessment
to identify neoplastic lesions, but no routine follow-up
[8,57]
surveillance
.
The European MAPS (Management of Precancerous
Conditions and Lesions in the Stomach) guidelines
recommend a 3-yearly endoscopic and bioptic followup for all patients with “extensive atrophy or intestinal
[58]
metaplasia” . This recommendation is based on solid
evidence of the risk of cancer developing in parallel
[37]
with the extent of mucosal atrophy . It is important
to bear in mind, however, that the greater risk
associated with concomitant H. pylori infection has not
been separately weighted.
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A more objective and consistent assessment of
the extent and location of atrophy has been achieved
by replacing the descriptive histology report with
a staging approach. The operative link for gastritis
assessment (OLGA) staging system ranks gastritis in
different classes of cancer risk. As in H. pylori infection,
so too in the autoimmune setting, OLGA stages ⅢⅣ have been significantly associated with a higher GC
[36]
risk . In a retrospective, single-institution study on a
consecutive series of 562 AIG biopsy sets, low atrophy
stages clearly prevailed (91.8%), and incidental
gastric neoplasia (both intra-epithelial and invasive)
only occurred in high-risk stages (Ⅲ-Ⅳ) when atrophy
involved the antral mucosa as well, and was associated
[8]
with H. pylori infection . As expected, when gastritis
stage was matched with endocrine cell hyperplasia/
neoplasia (linear and micronodular hyperplasia and
Type Ⅰ NETs) the vast majority of the hyperplastic/
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neoplastic cases were in the most advanced stages (Ⅲ[8]
Ⅳ) of gastritis .
Another gastritis staging system derived from
OLGA, called OLGIM, relies on the histological scoring
of IM alone. Because it excludes both non-metaplastic
atrophy and pseudo-pyloric metaplasia from the atrophy
score, the OLGIM disregards the atrophy phenotypes
specifically occurring in AIG, and this results in a downstaging of AIG patients who would be considered at high
[8,59,60]
risk if a global atrophy score were applied
. The
OLGIM may therefore be less than optimal for assessing
the risk of gastric cancer in AIG.
Despite the widespread availability of functional
serological tests (Pg Ⅰ, Pg Ⅱ, and gastric 17, as standalone tests or integrated in a panel (Gastropanel, Biohit),
serology is still notably absent from the international
recommendations on the initial assessment and clinical
monitoring of AIG. Pepsinogens and the pepsinogen
ratio have been extensively validated as reliable markers
of atrophy, and their low cost, accessibility, and high
negative predictive value could be usefully exploited in
the AIG setting. Pepsinogen Ⅰ is consistently considered
a surrogate for loss of zymogenic chief cells from the
oxyntic mucosa, but large studies are now available that
have correlated the organic with the functional disease
in AIG. Low Pg Ⅰ levels (particularly with a low Pg Ⅰ
/Pg Ⅱ ratio) are consistently associated with oxyntic
atrophy. Gastrin 17 is an elective marker of proton pump
efficiency and is considered a reliable marker of oxyntic
atrophy.

staging are reliable in monitoring disease progression,
and for stratifying patients in different prognostic
classes.
No comprehensive molecular profiling is available for
AIG, and no differential molecular profiling is capable
of distinguishing primary from secondary autoimmune
gastritis. In clinical practice, such information could
make AIG assessment and prognostication more
reliable, as well as supporting the rationale for
biologically-targeted therapies.
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Abstract
Liver cancer is a common malignancy and surgery is
the main treatment strategy. However, the prognosis is
still poor because of high frequencies of postoperative
recurrence and metastasis. In recent years, cancer
stem cell (CSC) theory has evolved with the concept
of stem cells, and has been applied to oncological
research. According to cancer stem cell theory, liver
cancer can be radically cured only by eradication of
liver cancer stem cells (LCSCs). This notion has lead
to the isolation and identification of LCSCs, which has
become a highly researched area. Analysis of LCSC
markers is considered to be the primary method for
identification of LCSCs. Here, we provide an overview
of the current research progress and prospects of
surface markers for LCSCs.
Key words: Hepatocellular carcinoma; Liver cancer stem
cells; Surface markers; CD90; Epithelial cell adhesion
molecule
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver cancer is a common malignancy and
the eradication of liver cancer stem cells (LCSCs) is
proposed as the key to improving the curative effect of
treatments. Many surface markers have been reported
for LCSCs, but there is still no unified standard. This
paper addresses the research progress of markers
for LCSCs and discusses the relationship with clinical
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syndrome in hepatocellular carcinoma.
Zhu CP, Wang AQ, Zhang HH, Wan XS, Yang XB, Chen SG,
Zhao HT. Research progress and prospects of markers for
liver cancer stem cells. World J Gastroenterol 2015; 21(42):
12190-12196 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i42/12190.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i42.12190

DEFINITIONS OF CANCER STEM CELLS
AND LIVER CANCER STEM CELLS
Liver cancer is the fifth most common and third
most deadly cancer in the world and hepatocellular
carcinoma (HCC) accounts for 90% of liver cancers.
Currently, surgical resection and liver transplantation
are the sole curative options for the treatment of HCC.
However, the 5-year survival rate depends on the
stage of the liver cancer at diagnosis. Most patients in
the late stage with postoperative recurrence exhibit
[1]
low sensitivity to radiotherapy and chemotherapy .
Therefore, the exploration of liver cancer treatments is
currently a highly researched area. Since cancer stem
cell theory was first proposed, new approaches have
been suggested for the treatment of HCC. Cancer stem
[2]
cell theory was put forward by Reya et al based on
the previous points. The theory considers that tumor
tissue has a small number of cells called cancer stem
cells (CSCs) that self-renew indefinitely and have the
potential for multi-directional differentiation to produce
the heterogeneity of tumor cells. Most CSCs are in the
G0 phase of the cell cycle and have certain resistance
to radiotherapy and chemotherapy.
Studies have demonstrated CSCs in leukemia and
breast cancer. Other studies have shown that CSCs
[3,4]
may also exist in liver cancer tissues . liver cancer
stem cells (LCSCs) have been highly researched in liver
cancer for more than 10 years, and are considered
to be a population of cells with certain stem cell-like
characteristics in liver cancer tissue. These stem celllike characteristics include indefinite self-renewal and
the potential for multi-directional differentiation that
constantly produces liver cancer cell populations in
various stages of differentiation with different biological
behaviors. In this manner, LCSCs maintain tumor
growth. Furthermore, compared with non-LCSCs in
liver cancer tissue, LCSCs have a stronger migration
ability and tumorigenicity that is closely related to
metastasis and recurrence of liver cancer. LCSCs are
also resistant to radiotherapy and chemotherapy,
which is one of the reasons for the poor efficacy of
[5,6]
these treatments for liver cancer patients .
An increasing number of researchers believe that
the key to improving the curative effect of treatments
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for liver cancer is the eradication of LCSCs. Treatments
of liver cancer may simply kill cancer cells and reduce
the tumor volume without eradication of LCSCs. In
addition, detection of LCSC-specific surface markers
can be used for diagnosis, prognosis evaluation, and
monitoring after treatment of patients with liver cancer.

CLASSIFICATION OF LCSC MARKERS
In recent years, numerous studies have confirmed that
the development and progression of hematological
cancers and many kinds of solid tumors, including
[7]
liver cancer, depend on CSCs . However, compared
with most other solid tumors with CSC-specific surface
markers, there is no consensus on the surface markers
of LCSCs. New LCSC surface markers are constantly
being discovered and debated.
Currently, using cell surface markers to isolate CSCs
[8]
has proved to be feasible . To select LCSC surface
markers, stem cell markers are used as a reference
because CSCs and normal stem cells have many similar
biological characteristics. Major LCSC markers are listed
in Table 1.

CD133
Human CD133 is a five-transmembrane single-chain
glycoprotein that belongs to the prominin family,
which contains two large extracellular and two small
[9,10]
intracellular loops
. The role of CD133 as a CSC
marker in liver cancer has been documented in
[11-13]
[14]
several studies
. Suetsugu et al
reported that
CD133+ Huh-7 cells (liver cancer cell line) have a high
proliferative capacity in vitro and tumorigenic ability
[15]
in vivo. Subsequently, Yin et al
isolated CD133+
cells from the HCC cell line SMMC -7721, and found
that these cells had the highest colony-forming ability
[16]
in vitro and tumorigenic ability in vivo. Yao et al
showed that knockout of the CD133 gene in Huh-7 cells
suppresses their tumorigenic ability in vivo. Kohga et
[17]
al
reported a relationship between CD133 and the
invasion and distant metastasis of liver cancer. A recent
[12]
study
showed that CD133+ liver cancer cells are
resistant to apoptosis induced by radiation and have
a stronger proliferative ability in vitro and tumorigenic
ability in vivo. Some studies have shown that CD133+
liver cancer cells exhibit stronger abilities for colony
formation and proliferation, which result in a poorer
[18,19]
prognosis compared with CD133- liver cancer cells
.
These findings indicate that CD133+ liver cancer cells
may be LCSCs.
[20]
However, Salnikov et al
found that CD133+
and CD133- liver cancer cells have no significant
differences in terms of migration, and the total number
of CD33+ cells has no correlation with the clinical
features of liver cancer patients. Therefore, CD133 as
a LCSC marker requires further study.
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Table 1 Reported major liver cancer stem cell markers
Marker

Origin

Minimum
tumorigenic
cells

Clinical relevant characteristics

Related literature

CD133

HuH7 cell,
SMMC-7721 cell

1 × 102-1 × 103

[14,15,17,48,59]

CD90

PLC cell,
MHCC-97L,
HCC tumor,
blood samples of 90% patients with
liver cancer
HuH1 cell,
HuH7 cell

5 × 102

With a poor prognosis;
Related with invasiveness and distant metastases;
Resistance to chemotherapy drugs
Related with tumorigenic ability and metastasis of liver
cancer

[31]

OV6

SMMC-7721 cell

5 × 103

CD441

MHCC-LM3 cell,
MHCC-97L cell
Huh7 cell,
PLC/PRF/5 cell

1 × 102

The origin of recurrence and metastasis postoperatively;
Patients with vascular metastasis and low overall survival
rate when peripheral circulation exists
Drugs resistance;
Strong metastasis and invasion
Chemotherapy drug resistance;
Related with portal vein metastasis in liver cancer
-

EpCAM

SP (ABCG2)

1 × 103

1 × 103

[23,24]

[39]
[41]
[46,60]

1

Co-expression of CD133+ and CD44+ cell surface markers. SP: Side population; EpCAM: Epithelial cell adhesion molecule.

CD90
CD90 (Thy-1) is a 25-30 kDa glycosylphosphati
dylinositol-anchored glycoprotein expressed on many
cell types, including T cells, thymocytes, neurons,
endothelial cells, and fibroblasts. It is an important
regulator of cell-cell and cell-matrix interactions with
important roles in nerve regeneration, metastasis,
[21]
[22]
inflammation, and fibrosis . A study
has reported
that CD90 is a surface marker for liver stem cells and
hepatic progenitor cells during liver development.
Recently, CD90 has also received attention as a CSC
marker for various types of tumor cells including hepatic
stem cells.
[23]
Yang et al
reported CD45-CD90+ cells in all
liver cancer tissues and 90% of blood samples from
liver cancer patients. They also found high expression
of CD90 during tumor formation. These findings
suggest that CD90 may participate in liver cancer
[24]
3
development. Yang et al
also found that 4 × 10
CD45-CD90+ cells from tumor tissues can form liver
carcinoma in Beige/SCID mice. In addition, CD90+
cells can differentiate asymmetrically into CD90+
cells and CD90- cells, but CD90- daughter cells are all
CD90- cells. These results show that CD90+ cells have
strong proliferation, drug resistance and self-renewal
[25]
[26]
abilities . Recently, Michishita et al
reported that
CD90+CD44+ HCC930599 cells (dog liver cancer cell
line) have a stronger proliferation ability in vitro as well
as self-renewal and tumorigenic abilities than CD90CD44+ cells. All of these observations suggest that
CD90 can be used as an LCSC marker.
The above studies show that CD90 is a potential
[27]
marker of LCSCs. However, another study
reported
that CD90+ liver cancer stem-like cells may participate
in the late stage of liver cancer, and only appear in
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hepatitis B infection-related liver cancer. Therefore,
CD90 still requires further research as a biomarker for
LCSCs.

EPITHELIAL CELL ADHESION MOLECULE
Epithelial cell adhesion molecule (EpCAM), also known
as CD326, is a single transmembrane glycoprotein
encoded by the tumor-associated calcium signal
transducer 1 gene, which belongs to a family of
adhesion molecules. It has a molecular mass of 30-40
kDa and consists of three domains: an extracellular
domain, a single transmembrane domain, and an
intracellular structure domain. EpCAM has proven to
be a marker of mature liver stem cells and progenitor
[28,29]
cells, and is also a marker of hepatic oval cells
.
Studies have shown that EpCAM participates in the
β-catenin/Wnt signaling cascade, in which activation
of proto-oncogenic proteins c-myc and cyclinA/E leads
[30]
[31]
to tumorigenesis . Yamashita et al
first reported
that EpCAM can serve as a marker for LCSCs. Chen
[32]
et al
found that CD133+EpCAM+ Huh7 cells have
strong abilities for multi-directional differentiation, selfrenewal, and clonal colony formation. Furthermore,
only 500 CD133+EpCAM+ cells are tumorigenic in
NOD/SCID mice. In addition, CD133+EpCAM+ cells
show high expression of stem cell markers Nanog,
Oct4, and Sox2.
[33]
In HCC patients, Sun et al showed that EpCAM+
cells in peripheral circulation express other reported
LCSC markers, CD133 and ABCG2. In NOD/SCID
mice, injection of tumor cells showed that 300
EpCAM+CD45- cells were tumorigenic, whereas 1 ×
4
10 EpCAM-CD45- cells were not tumorigenic. Schulze
[34]
et al
also suggested the existence of EpCAM+ cells
in peripheral circulation of patients with liver cancer.
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Their clinical pathologic features tended to be > 400
ng/mL serum α-fetoprotein (AFP), various degrees of
blood vessel metastasis, middle and advanced stage,
[35]
and an overall low survival rate. Guo et al
followed
patients with liver cancer after radical surgery, and
found that the 1-, 2-, and 3-year survival rates of
patients with EpCAM+ specimens were 85.7%, 51.3%,
and 85.7%, respectively. Therefore, EpCAM+ cells
may be LCSCs and radical surgery cannot completely
kill these cells, which is the root cause of postoperative
recurrence and metastasis. Therefore, EpCAM+ celltargeting therapies are needed for the treatment of
liver cancer.

OV6
Hepatic oval cells, called hepatic stem/progenitor
cells in the liver Herring pipe, can differentiate into
hepatocytes and bile duct cells. OV6 is a marker of
[36]
hepatic oval cells . In liver cancer induced by gene
mutation, hepatic oval cells can become abnormal
and differentiate into liver cancer cells or bile duct
[37]
epithelial cells . Thus, liver stem/progenitor cells may
be involved in the development and progression of
[38]
liver cancer. Recently, Jia et al examined various cell
surface markers, and found that liver cancer cells were
[39]
derived from liver stem/progenitor cells. Yang et al
showed that OV6+ liver cancer cells have a stronger
tumorigenic ability and chemotherapy resistance than
OV6- cells. In addition, they found that the proportion
of CD133+ cells in an HCC cell line ranged from
0.1% to 75%, while the proportion of OV6+ cells was
relatively stable at 0.2%-3%. It is interesting to note
the CD133+ cells express OV6, which further shows
that OV6 can serve as a marker of LCSCs. Using
[40]
magnetic bead separation, Yang et al isolated OV6+
cells from HCC cell lines SMMC7721 and Huh7, and
found that 103 OV6+ SMMC7721 cells or 104 OV6+
HuH7 cells were tumorigenic in NOD/SCID mice. They
also found that OV6+ HCC cells in vivo and in vitro had
strong invasion and metastatic abilities. These studies
suggest that OV6 may be a potential marker of LCSCs.

CD44
CD44 is a transmembrane glycoprotein that mediates
adhesion between cells and the extracellular matrix,
lymphocyte activation and homing, and plays an
important role in the invasion and metastasis of
[41]
cancer. Zhu et al
reported that CD133+CD44+ cells
have a strong tumorigenic ability in nude mice and
high expression of the ATP binding cassette (ABC)
transporter superfamily members (ABCB1, ABCC1, and
ABCG2) that mediate resistance to chemotherapeutic
drugs such as doxorubicin and vincristine. Further
study found that CD133+CD44+ cells express genes
related to stem cells such as β-catenin and Bmi-1.
[42]
Hou et al
showed that CD133+CD44+ cells are the
initial cells that produce metastasis to the lung and
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liver in immunodeficient mice. Analyses of human liver
specimens showed that CD133+CD44+ liver cancer
cells are associated with metastasis to the liver portal
vein. Therefore, CD133 and CD44 can better define
LCSCs.
[23]
Yang et al
first reported that CD90+CD44+ liver
cancer cells are more aggressive, and both CD44 and
CD90 can better define LCSCs. After irradiation of
[43]
N1S1 rat liver cancer cells, Thompson et al
found a
22-fold increase in CD44+CD90+ cells and the use of a
BEZ235 blocker could avoid thermal stress damage of
PI3K-Akt-mTOR signaling pathways, in which CD44+
cells increased while CD90+ cells did not change.
Further study of immunodeficient mice injected
with liver cancer cells revealed CD44+ cells, but not
CD90+ cells, on the edge of the thermal ablation and
the edge of the liver cancer lesion. Therefore, after
thermal ablation, recurrence was associated with a
small number of CD44+ cells. Recently, Fernando et
[44]
al
reported that transforming growth factor (TGF)-β
treatment of long term-cultured PLC/PRF/5 liver
cancer cells can induce resistance to sorafenib. Further
analysis found that CD44 expression induced epithelialto-mesenchymal transition characterized by vimentin
protein expression, but the drug resistance was
proportional to the number of CD44+ cells. In addition,
repeated treatment with sorafenib could enrich CD44+
cells. Therefore, CD44 may be a potential molecular
marker of LCSCs.

SIDE POPULATION CELLS
Fluorescence-activated cell sorting can isolate CSCs
known as side population (SP) cells from a wide variety
of tumor cell lines because the ABCG2 transporter
effluxes the fluorescent DNA dye Hoechst 33342.
The cell surface protein ABCG2, also called breast
cancer resistance protein, is a member of the ABC
transporter family, which was first identified in drugresistant breast cancer cells. Cells expressing ABCG2
will pump out drugs, resulting in multi-drug resistance.
[45]
LCSCs that are resistant to chemotherapy
indicate
that ABCG2 is a candidate molecular marker of CSCs,
which can be used for cell separation.
[46]
Chiba et al
found 0.25%-0.80% of SP cells
among liver cancer cell lines Huh7 and PLC/PRF/5.
Compared with non-SP cells, the SP cells had a
higher proliferative capacity and considerable ability
to resist apoptosis. In vitro studies also suggest that
transplantation of 103 SP cells into immunodeficient
NOD/SCID mice can cause tumors. Therefore,
separation of SP cells can be useful when CSC markers
[47]
are unknown. A recent study
reported that SP cells
from the HAK-1A liver cancer cell line do not express
CD90, EpCAM, CD13 or CD133. In the HAK-1B cell
line, compared with non-SP cells, the SP cells have a
clonal growth ability, strong tumorigenic ability, fast
growth rate, and highly express CD13. However, there
are no differences in the chemotherapy resistance,
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[55,56]

colony forming ability, or cell cycle.

TARGETED THERAPIES AGAINST LCSC
MARKERS
Because LCSCs are related to drug resistance, me
tastasis, and recurrence of liver cancer, targeting
LCSCs as a cancer treatment has become a promising
strategy. Some studies have found that treatment
measures targeting certain surface markers of LCSCs
can inhibit their self-renewal and tumorigenesis, such
as disrupting the expression of LCSC surface markers
[48]
[31,49]
[50]
[49]
CD133 , EpCAM
, CD24 , and CD13 . In
addition, neutralizing antibodies against CD44 can
[23]
effectively induce apoptosis of CD90+CD44+ LCSCs .
There is a broad prospect to develop targeted drugs
against specific surface markers of LCSCs.
Some key signaling pathways in LCSCs are also
therapeutic targets. Single target therapy is limited,
but targeting both the LCSCs and surrounding
environment may be more effective to inhibit the
growth and metastasis of HCC.
Determination of specific markers for LCSCs and
development of corresponding diagnostic strategies
will be useful to detect LCSCs and monitor whether
LCSCs have diffused into the blood and bone marrow.
Such approaches might accurately predict metastasis
and/or recurrence in HCC patients, and enable more
individualized treatment plans.

PROBLEMS AND PROSPECTS OF LCSCS
LCSC sources

CSC theory suggests that tumor growth and pro
gression are maintained by a small population of
CSCs in tumor tissue. The number of cells with stem
cell properties is maintained by CSC self-renewal,
while CSCs constantly produce new tumor cells by
differentiation.
In terms of the origin of CSCs (including LCSCs),
there are two viewpoints. Most researchers believe
that CSCs originate from abnormal proliferation and
[51-53]
differentiation of stem cells
. In chronic liver
disease caused by a variety of reasons such as viral
hepatitis, fatty hepatitis, and metabolic liver disease,
liver stem cells are actively proliferating. Under the
influence of carcinogenic factors, actively proliferating
liver stem cells might undergo malignant changes. In
addition, most recognized LCSC surface markers such
as CD133, EpCAM, and CD90 are also surface markers
of stem cells. Finally, the development of LCSCs has
common molecular signaling pathways or regulatory
molecules with liver stem cells, such as Wnt, TGF-β,
[6]
Notch, Hedgehog, Myc, and Bmi1 . However, the
derivation of induced pluripotent stem cells by
[54]
Takahashi et al
changed the understanding of the
sources of stem cells. Therefore, some researchers
consider that CSCs can also be induced from mature
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tumor cells under the action of various factors
.
[57]
Recently, Holczbauer et al
reported that liver stem/
progenitor cells and mature liver cells can transform
into LCSCs by excessive activation of Ras. LCSCs are
a dynamic cell population. Therefore, factors in the
surrounding environment (such as chemotherapeutic
drugs, radiation, oxygen, growth factors, and
inflammatory factors) might induce both differentiation
of LCSCs to cancer cells and mature cells to LCSCs to
maintain the growth and progression of tumors.

FUTURE APPLICATIONS OF LCSC
MARKERS
Although many surface markers have been reported
for LCSCs, there is still no unified standard. At present,
cells isolated by most surface markers have LCSC
characteristics, but some markers mutually have
less cross expression. Therefore, each marker may
represent a subset of LCSCs. For example, Yamashita
[27]
et al
reported that EpCAM+ and CD90+ LCSCs
represent different cells with different biological
characteristics. In addition, CSCs are considered
to be a small population of tumor cells, and some
markers, such as CD133, EpCAM, CD44, and CD24,
can be expressed by 50% or more cells in HCC cell
lines. Whether these markers can fully represent
LCSCs is unclear, and their sensitivity and specificity
require further study. To improve the specificity of
LCSC markers, some researchers have advocated
the combined use of multiple markers for LCSCs,
[23,24]
[41]
such as CD90 and CD44
, CD133 and CD44 ,
[11]
[31]
CD133 and ALDH , EpCAM and AFP , and CD133
[32]
and EpCAM . Considering a consensus is yet to
be reached for LCSC markers, these markers may
represent heterogeneous cells. Which surface markers
or which combination of markers has higher specificity
still requires further research.
LCSC markers have not been recognized until
now, and the current problem is determination of
LCSC-specific markers for identification, separation
and cultivation of LCSCs. Different LCSC markers
may represent different stages of liver stem cell
[58]
differentiation . Furthermore, LCSCs of different
[31]
origins may express different markers .
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Abstract
AIM: To conduct a meta-analysis to investigate the

WJG|www.wjgnet.com

clinical outcomes of surgical resection and locoregional
treatments for hepatocellular carcinoma (HCC) in
elderly patients defined as aged 70 years or more.
METHODS: Literature documenting a comparison of
clinical outcomes for elderly and non elderly patients
with hepatocellular carcinoma was identified by
searching PubMed, Ovid, Cochrane Library, and Web
of Science databases, for those from inception to
March 2015 with no limits. Dichotomous outcomes
and standard meta-analysis techniques were used.
Heterogeneity was tested by the Cochrane Q statistic.
Pooled estimates were measured using the fixed or
random effect model.
RESULTS: Twenty three studies were included with a
total of 12482 patients. Of these patients, 6341 were
treated with surgical resection, 3138 were treated
with radiofrequency ablation (RFA), and 3003 were
treated with transarterial chemoembolization (TACE).
Of the patients who underwent surgical resection, the
elderly had significantly more respiratory co-morbidities
than the younger group, with both groups having a
similar proportion of cardiovascular co-morbidities
and diabetes. After 1 year, the elderly group had
significantly increased survival rates after surgical
resection compared to the younger group (OR = 0.762,
95%CI: 0.583-0.994, P = 0.045). However, the 3-year
and 5-year survival outcomes with surgical resection
between the two groups were similar (OR = 0.947,
95%CI: 0.777-1.154, P = 0.67 for the third year; and
OR = 1.131, 95%CI: 0.895-1.430, P = 0.304 for the
fifth year). Postoperative treatment complications were
similar between the elderly and younger group. The
elderly group and younger group had similar survival
outcomes for the first and third year after RFA (OR =
1.5, 95%CI: 0.788-2.885, P = 0.217 and OR = 1.352,
95%CI: 0.940-1.944, P = 0.104). For the fifth year,
the elderly group had significantly worse survival rates
compared to the younger group after RFA (OR = 1.379,
95%CI: 1.079-1.763, P = 0.01). For patients who
underwent TACE, the elderly group had significantly
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increased survival compared to the younger group
for the first and third year (OR = 0.664, 95%CI:
0.548-0.805, P = 0.00 and OR = 0.795, 95%CI:
0.663-0.953, P = 0.013). At the fifth year, there were
no significant differences in overall survival between the
elderly group and younger group (OR = 1.256, 95%CI:
0.806-1.957, P = 0.313).
CONCLUSION: The optimal management strategy for
elderly patients with HCC is dependent on patient and
tumor characteristics. Compared to patients less than
70, elderly patients have similar three year survival
after resection and ablation and an improved three year
survival after TACE. At five years, elderly patients had
a lower survival after ablation but similar survival with
resection and TACE as compared to younger patients.
Heterogeneity of patient populations and selection bias
can explain some of these findings. Overall, elderly
patients have similar success, if not better, with these
treatments and should be considered for all treatments
after assessment of their clinical status and cancer
burden.
Key words: Liver neoplasms; Hepatocellular carcinoma;
Elderly patients; Cancer treatment; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The optimal management strategy for
elderly patients with hepatocellular carcinoma (HCC)
is dependent on patient and tumor characteristics.
This meta-analysis suggests that surgical resection,
transarterial chemoembolization, and radiofrequency
ablation are safe and effective treatment options for
elderly patients with HCC. Overall, elderly patients
have similar success with these treatments compared
to younger patients and should be considered for all
treatments pending their clinical status and cancer
burden.
Hung AK, Guy J. Hepatocellular carcinoma in the elderly: Metaanalysis and systematic literature review. World J Gastroenterol
2015; 21(42): 12197-12210 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i42/12197.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i42.12197

INTRODUCTION
Hepatocellular carcinoma (HCC), the most common
primary malignancy of the liver, has become the fifth
most common cancer and the third most common
[1]
cause of cancer-related mortality worldwide . The
management of HCC is multi-disciplinary with a
wide range of treatment options ranging from liver
resection, liver transplantation, locoregional therapies
including ablation and transarterial chemoembolization
[1-32]
(TACE), and molecular-targeting therapies
. As our
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society continues to age, there will be an increasing
proportion of elderly patients with hepatocellular
carcinoma. In China and South Korea, the mean age
[2]
at HCC diagnosis was found to be 55-59 years . In
Europe and North America, the average age of HCC
diagnosis is 63 to 65 years, and up to 75 years in low
[5]
risk populations . Although HCC is a worldwide public
health problem, there are epidemiological differences
in the incidence of HCC based on geographic location.
In Asia, the overwhelming etiology continues to be
endemic hepatitis B. In Western countries, the most
common etiologies are hepatitis C and alcoholic
cirrhosis.
HCC in the elderly population has been found to
demonstrate distinct clinicopathological characteristics
from the disease process in the younger population.
Reports indicate that elderly patients with HCC were
more likely to be female, possibly due to their longer
[3]
life expectancy . Elderly patients with HCC were more
[3]
likely to have chronic hepatitis C . Most hepatitis B
carriers acquire the disease in the perinatal period via
vertical transmission, whereas hepatitis C infection is
usually acquired in adulthood. As a result of earlier
acquisition of the virus, the average age of diagnosis
of HBV-related HCC is usually 10 years earlier than
[1]
that of HCV-related HCC . In the elderly population
with HCC, there is also a larger proportion of patients
who are negative for both hepatitis B surface antigen
[4]
and HCV antibody, as compared to younger patients .
Elderly patients with HCC have also been shown to be
more likely to have a normal liver with a lower grade
[5]
of background liver fibrosis . Aging is associated
with decreased liver mass, hepatic blood flow, and
[5]
synthesis or metabolism of exogenous substrates .
Whether these physiological changes are associated
with worse outcomes in elderly HCC patients remains
is debatable.
The effect of age on cancer treatment allocation
is controversial. In general, elderly patients are
thought to have increased co-morbidities including
cardiovascular disease, pulmonary disease, diabetes
[1]
mellitus, and renal insufficiency . Whether elderly
patients with HCC have equal access to and outcomes
from treatment as compared to their younger coun
terparts is controversial, with some data to suggest
increased co-morbidities and poorer functional status
[14]
in elderly HCC patients . In a large multicentre
report by the Italian Liver Cancer group, it was shown
that elderly patients with HCC were more likely to
undergo percutaneous procedures and were less likely
[14]
to undergo surgical resection and TACE . The data
regarding safety and clinical outcomes of locoregional
therapies for HCC in the elderly population remains
limited.
There are a wide variety of treatment options
for HCC depending on the stage of disease. Current
treatments include surgical resection, liver transplan
tation, transcatheter arterial chemoembolization,
radioembolization, percutaneous radiofrequency
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ablation, percutaneous ethanol injection, percutaneous
microwave coagulation therapy, and molecular-targeted
therapy with sorafenib. Most studies evaluating clinical
outcomes of such treatments in the elderly have
been limited by small sample size and have varying
[1,5,13,14]
results
. Most reports have demonstrated
comparable outcomes between elderly and younger
[5,14,23]
patients
. Previous studies showed similar survival
rates after surgical resection with the exception of
[17]
Hirokawa et al
who reported better disease free
[20]
survival in younger patients and Liu et al
who
[18,21]
reported better overall survival in younger patients
.
In respect to radio frequency ablation (RFA), there were
two studies which showed better long term outcomes
[26,27]
in the younger patients
. For TACE, previous studies
have reported comparable outcomes with the largest
[27]
study showing better outcomes in the elderly group .
In this meta-analysis, we analyze characteristics and
clinical outcomes of elderly patients with HCC treated
with different modalities including surgical resection,
percutaneous radiofrequency ablation, and transarterial
chemoembolizaton (TACE).

MATERIALS AND METHODS
Literature documenting a comparison of clinical
outcomes in elderly patients undergoing surgical
and locoregional therapies for HCC was identified by
searching PubMed, EMBASE, Cochrane Library, and
Web of Science databases, for those from inception to
March 2015 with no limits.
The inclusion criteria for the present meta-analysis
were as follows: published comparative studies
reporting extractable data for survival outcomes
for elderly and non elderly patients with HCC who
underwent surgical resection, RFA, and TACE with
elderly defined as aged 70 and above. Studies which
included only Kaplan-Meier survival curves and did
not include the number of annual survivals were not
considered. A total of 125 references were identified
through the literature search. Of these, 23 studies
were included. All studies were observational and were
either prospective or retrospective by design. Exclusion
criteria included nonhuman studies, case reports,
editorials, studies lacking control group of non elderly
patients, studies in which patients were diagnosed with
liver metastases or cholangiocarcinoma.
Demographics and clinical patient characteristics
were thoroughly reviewed. Co-morbidities were
assessed and included cardiovascular disease,
respiratory disease, and diabetes. Cardiovascular
co-morbidities included hypertension, arrhythmia,
coronary artery occlusion, and old stroke. Respiratory
co-morbidities included chronic obstructive pulmonary
disease and asthma. Treatment complications, defined
as adverse events occurring within 30 d after operation
or within the same hospitalization, were also assessed.
Student’s t test was used to analyze significant
differences in clinical characteristics between the
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elderly and younger patient groups.
The meta-analyses were performed by STATA/SE
[6]
13.1 statistical software . All analyzed data was
treated as binary. Odds ratios and 95%CIs were
computed from the binary data and used for the final
meta-analyses. Both fixed and random effect models
were calculated. Heterogeneity was assessed by the
Cochrane Q test and was considered significant when
P < 0.10. When there was substantially significant
heterogeneity, a random effect model was used for
meta-analysis. If heterogeneity was not significant,
then a fixed effect model was used. In the metaanalysis, P < 0.05 was considered statistically
significant. Publication bias was analyzed using funnel
plot.

RESULTS
The prevalence of viral hepatitis comparing the young
and elderly cohorts is shown in Table 1. The younger
patient population was more likely to have positive
HBsAg. The proportion of HCV Ab infection was
comparable between the elderly and younger patients.

Surgical resection

Characteristics of patients who underwent surgical
resection are shown in Table 2. Medical co-morbidities
comparing the elderly vs younger patient populations
are presented in Table 3. The elderly and younger
patients were similar in respect to sex ratio, tumor
size, cardiovascular complications, and diabetes.
However, the elderly patients were more likely to have
respiratory complications.
Overall survival: There were 9 studies which
reported 1-year overall survival data, 13 studies which
reported 3-year overall survival data, and 16 studies
which reported 5-year survival data. After 1 year, the
elderly group had significantly increased survival rates
after surgical resection compared to the younger group
(OR = 0.762, 95%CI: 0.583-0.994, P = 0.045). The
meta-analysis demonstrated similar survival outcomes
with surgical resection between the two groups (OR
= 0.947, 95%CI: 0.777-1.154, P = 0.67 for the
third year; and OR = 1.131, 95%CI: 0.895-1.430,
P = 0.304 for the fifth year) (Figure 1). In terms of
long term survival, the meta-analysis demonstrated
no significant differences in outcomes of the elderly
patients compared to younger patients, suggesting
that surgical resection is a safe and effective treatment
strategy for older patients. In the analysis of effects
of overall survival at 1 year, there was no significant
heterogeneity. There was substantial heterogeneity
detected in the analysis of 5-year outcomes.
Disease free survival: The meta-analysis did not
demonstrate any significant differences between the
elderly and younger patients in terms of disease free
survival after surgical resection (OR = 1.115, 95%CI:
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Table 1 Prevalence of viral hepatitis among included studies
Study

HBsAg positive (P = 0.023)

Treatment
[27]

Yau et al
Chen et al[7]
Hanazaki et al[8]
Yeh et al[9]
Ferrero et al[10]
Kaibori et al[11]
Oishi et al[4]
Huang et al[12]
Mirici-Cappa et al[13]
Tsujita et al[14]
Yamada et al[15]
Nishikawa et al[16]
Hirokawa et al[17]
Ide et al[18]
Liu et al[20]
Kishida et al[21]
Kim et al[22]
Takahashi et al[24]
Mirici-Cappa et al[13]
Nishikawa et al[25]
Liu et al[20]
Fujiwara et al[26]
Yau et al[27]
Mirici-Cappa et al[13]
Liu et al[20]
Nishikawa et al[28]

SR/RFA/TACE
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
RFA
RFA
RFA
RFA
RFA
TACE
TACE
TACE
TACE

HCV Ab positive (P = 0.1681)

Young

Elderly

Young

Elderly

86.00%
58.50%
23.70%
74.00%
21.40%
20.10%
23.70%
88.80%
15.00%
23.00%
27.30%
17.50%
NA
21.90%
68.00%
31.00%
64.50%
1.00%
13.00%
11.30%
48.00%
13.50%
87.00%
11.30%
52.00%
15.50%

52.00%
28.60%
18.40%
25.80%
10.90%
9.70%
1.56%
65.70%
7.10%
8.70%
36.30%
4.35%
NA
12.50%
33.00%
5.00%
28.80%
6.80%
5.60%
1.54%
43.00%
3.70%
63.00%
12.10%
37.00%
0.00%

NA
NA
40.70%
31.80%
38.90%
69.40%
66.00%
1.10%
47.10%
70.60%
57.70%
56.30%
68.00%
65.10%
23.00%
43.00%
7.80%
82.70%
52.20%
73.90%
43.00%
70.40%
10.00%
51.70%
35.00%
58.30%

NA
NA
55.40%
63.20%
60.90%
71.60%
70.00%
7.50%
57.10%
87.00%
54.50%
66.30%
50.00%
68.80%
36.00%
55.00%
18.60%
93.40%
74.40%
86.90%
39.00%
79.60%
18.00%
59.90%
35.00%
71.20%

TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; NA: Not available; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus.

Table 2 Preoperative data of patients with hepatocellular carcinoma who underwent surgical resection
Author

Year

Country

Design

Yau et al[27]
Wu et al[8]
Hanazaki et al[8]
Yeh et al[9]
Ferrero et al[10]
Kaibori et al[11]
Oishi et al[4]
Huang et al[12]
Mirici-Cappa et al[13]
Tsujita et al[14]
Yamada et al[15]
Nishikawa et al[16]
Hirokawa et al[17]
Ide et al[18]
Taniai et al[19]
Liu et al[20]
Kishida et al[21]
Kim et al[22]

1999
1999
2001
2004
2005
2009
2009
2009
2009
2012
2012
2013
2013
2013
2013
2014
2015
2015

China
Taiwan
Japan
Taiwan
Italy
Japan
Japan
China
Italy
Japan
Japan
Japan
Japan
Japan
Japan
Taiwan
Japan
South Korea

Prospective
Retrospective
Retrospective
Prospective
Prospective
Retrospective
Prospective
Retrospective
Retrospective
Prospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Retrospective

Age
Young, Elderly,
cut off
n
n
70
80
70
70
70
70
75
70
70
80
80
75
70
75
75
75
75
70

299
239
283
398
177
333
502
268
43
385
267
206
120
192
353
730
82
219

31
21
103
34
64
155
64
67
142
23
11
92
100
64
63
129
22
60

Sex: male/female
(P = 0.6947)

Child Pugh A/B

Tumor size (cm)
(P = 0.984)

Y

E

Y

E

Y

E

255/44
190/49
222/61
310/88
145/32
269/64
381/121
222/46
116/26
253/132
205/62
161/45
99/21
157/35
271/82
571/159
66/16
168/51

21/10
19/2
71/32
27/7
47/17
119/36
48/16
58/9
32/11
15/8
6/5
61/31
69/31
43/21
39/24
107/22
20/2
46/14

285/14
194/34
226/56
152/199
138/37
302/31
427/NA
257/11
123/18
264/121
245/22
198/8
98/22
168/24
265/84
694/36
NA
NA

30/1
16/4
76/27
12/18
54/8
139/16
59/NA
63/4
40/3
18/5
9/2
90/2
88/12
57/7
56/7
116/13
NA
NA

7.9
6.5
NA
6.7
NA
4.32
3.3
7.4
4.09
3.2
4.8
4.8
3.0
4.9
NA
NA
3.0
4.9

8.0
7.0
NA
5.5
NA
3.76
3.9
7.3
3.42
3.5
5.2
4.6
3.5
4.9
NA
NA
3.5
4.9

NA: Not available; E: Elderly; Y: Young.

0.815-1.359, P = 0.5488 for the first year; OR = 0.931,
95%CI: 0.730-1.189, P = 0.567 for the third year;
and OR = 0.949, 95%CI: 0.748-1.205, P = 0.667
for the fifth year) (Figure 2). There was significant
heterogeneity detected in the analysis of the effects of
disease free survival rates.
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Treatment complications: The meta-analysis did
not demonstrate any significant differences between
the elderly and younger patient groups in terms of
treatment complications after surgical resection (OR
= 1.082, 95%CI: 0.761-1.539, P = 0.659) (Figure 3).
There was significant heterogeneity detected in the
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Table 3 Co-morbidities of patients with hepatocellular carcinoma who underwent surgical resection
Author

Year

[27]

Yau et al
Chen et al[7]
Hanazaki et al[8]
Yeh et al[9]
Ferrero et al[10]
Kaibori et al[11]
Oishi et al[4]
Huang et al[12]
Mirici-Cappa et al[13]
Tsujita et al[14]
Yamada et al[15]
Nishikawa et al[16]
Hirokawa et al[17]
Ide et al[18]
Taniai et al[19]
Liu et al[20]
Kishida et al[21]
Kim et al[22]

1999
1999
2001
2004
2005
2009
2009
2009
2009
2012
2012
2013
2013
2013
2013
2014
2015
2015

Country

China
Taiwan
Japan
Taiwan
Italy
Japan
Japan
China
Italy
Japan
Japan
Japan
Japan
Japan
Japan
Taiwan
Japan
South
Korea

CV co-morbidities
(P = 0.341)

Resp co-morbidities
(P = 0.031)

Diabetes (P = 0.086)

Alcohol (P = 0.737)

Young

Elderly

Young

Elderly

Young

Elderly

Young

Elderly

NA
47.60%
11.00%
NA
NA
16%
NA
NA
NA
11.90%
NA
13.10%
NA
NA
NA
NA
NA
NA

NA
12.60%
24.30%
NA
NA
39%
NA
NA
NA
22.00%
NA
50.80%
NA
NA
NA
NA
NA
NA

NA
8.40%
7.40%
NA
NA
4%
NA
NA
NA
13.00%
NA
10.70%
NA
NA
NA
NA
NA
NA

NA
14.30%
19.40%
NA
NA
16%
NA
NA
NA
8.70%
NA
15.20%
NA
NA
NA
NA
NA
NA

NA
5.40%
8.50%
15.30%
NA
7%
NA
NA
NA
29.40%
NA
33.50%
NA
NA
NA
NA
NA
13.70%

NA
14.30%
31.10%
38.20%
NA
23.00%
NA
NA
NA
21.70%
NA
26.00%
NA
NA
NA
NA
NA
25.00%

NA
NA
NA
NA
31.10%
48.30%
NA
NA
12.90%
NA
NA
NA
NA
NA
NA
15.00%
16.00%
3.20%

NA
NA
NA
NA
20.30%
35.40%
NA
NA
21.40%
NA
NA
NA
NA
NA
NA
10.00%
18.00%
5.10%

NA: Not available.

analysis of the effects of complications. Among the
most common complications were hemoperitoneum,
bile leakage, intra abdominal abscess, and liver
failure. Less common complications included ascites,
pleural effusion, wound infection, prolonged jaundice,
delirium, and renal failure.

Radio frequency ablation

Baseline characteristics and medical co-morbidities
of HCC patients who underwent RFA are summarized
in Table 4 and Table 5. Survival data of RFA between
elderly and younger patients is shown in Table 6. The
two populations were comparable in terms of tumor
size, cardiovascular and respiratory co-morbidities,
and diabetes. Elderly patients were more likely to be
female. Younger patients were more likely to report
alcohol use.

treatment complications after RFA (OR = 1.018,
95%CI: 0.522-1.987, P = 0.958) (Figure 5). There was
no significant heterogeneity detected in the analysis
of the effects of complications. Among the most
common complications were hemoperitoneum, liver
abscess, hemothorax, subcutaneous hematoma, and
[25,27]
asymptomatic biloma
. Less common complications
included pneumothorax, hemobilia, massive hepatic
[25,27]
infarction, and gastrointestinal perforation
.

TACE

Baseline characteristics of HCC patients who underwent
TACE are summarized in Table 7. Survival data
between elderly and younger patients who underwent
TACE is shown in Table 8. The two populations were
comparable in regards to sex ratio, tumor size, median
survival in months, as well as 30 d mortality.

Overall survival: There were 4 studies which
reported 1-year outcomes and 5 studies which
reported 3-year, and 5-year overall survival data. The
elderly group and younger group had similar survival
outcomes for the first and third year after RFA (OR
= 1.5, 95%CI: 0.788-2.885, P = 0.217 and OR =
1.352, 95%CI: 0.940-1.944, P = 0.104). For the fifth
year, the elderly group had significantly worse survival
rates compared to the younger group after RFA (OR
= 1.379, 95%CI: 1.079-1.763, P = 0.01) (Figure 4).
In the analysis of effects of overall survival, there was
significant heterogeneity detected.

Overall survival: There were 5 studies which
reported 1-year, 3-year, and 5-year overall survival
data after TACE. The meta-analysis demonstrated
significantly increased survival in the elderly group
compared to the younger group for the first and third
year (OR = 0.664, 95%CI: 0.548-0.805, P = 0 and OR
= 0.795, 95%CI: 0.663-0.953, P = 0.013). At the fifth
year, there were no significant differences in overall
survival between the elderly group and younger group
(OR = 1.256, 95%CI: 0.806-1.957, P = 0.313) (Figure
6). There was significant heterogeneity detected in the
analysis of overall survival rates.

Treatment complications: The meta-analysis did
not demonstrate any significant differences between
the elderly and younger patient groups in terms of

Treatment complications: The meta-analysis did
not demonstrate any significant differences between
the elderly and younger patient groups in terms of
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A

Study

Weights

Poon (China 1999)
Hanazaki (Japan 2001)
Yeh (Taiwan 2004)
Ferrero (Italy 2005)
Huang (China 2009)
Mirici-Cappa (Italy 2009)
Nishikawa (Japan 2013)
Hirokawa (Japan 2013)
Liu (Taiwan 2014)

Poon (China 1999)
Hanazaki (Japan 2001)
Yeh (Taiwan 2004)
Ferrero (Italy 2005)
Huang (China 2009)

Method

Mirici-Cappa (Italy 2009)

95%CI

Fixed

Random

Est

Lower

Upper

4.71
10.20
4.06
7.56
7.96
2.83
5.55
4.00
7.26

4.18
7.99
3.66
6.27
6.54
2.63
4.83
3.61
6.06

0.80
1.14
0.38
0.66
0.51
0.32
1.12
1.31
0.87

0.32
0.62
0.15
0.32
0.25
0.10
0.49
0.49
0.42

1.97
2.10
1.01
1.34
1.01
1.04
2.58
3.50
1.79

Pooled

95%CI

Est

Nishikawa (Japan 2013)

Study

Lower

Asymptotic

Upper

Z value

P value

No. of
studies

Fixed
0.762
0.583
0.994
-2.005
0.045
9
Random
0.756
0.566
1.010
-1.894
0.058
Test for heterogeneity: Q = 9.286 on 8 degrees of freedom (P = 0.319)
I 2 = 13.85%
Moment-based estimate of between studies variance = 0.027

Hirokawa (Japan 2013)
Liu (Taiwan 2014)

Combined
0.01

0.1

1
OR

10

B

100

Study

Weights

Poon (China 1999)
Wu (Taiwan 1999)
Hanazaki (Japan 2001)
Yeh (Taiwan 2004)
Ferrero (Italy 2005)
Kaibori (Japan 2009)
Oishi (Japan 2009)
Huang (China 2009)
Mirici-Cappa (Italy 2009)
Yamada (Japan 2012)
Nishikawa (Japan 2013)
Hirokawa (Japan 2013)
Ide (Japan 2013)
Taniai (Japan 2013)
Liu (Taiwan 2014)
Kishida (Japan 2015)

Poon (China 1999)
Wu (Taiwan 1999)
Hanazaki (Japan 2001)
Yeh (Taiwan 2004)
Ferrero (Italy 2005)
Kaibori (Japan 2009)
Oishi (Japan 2009)
Huang (China 2009)
Mirici-Cappa (Italy 2009)
Yamada (Japan 2012)
Nishikawa (Japan 2013)

Method

Hirokawa (Japan 2013)

Pooled
Est

Ide (Japan 2013)

Study

95%CI

Fixed

Random

Est

Lower

Upper

5.86
4.67
18.32
7.44
11.31
26.11
13.74
12.80
7.43
2.05
15.26
13.03
11.30
12.92
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Moment-based estimate of between studies variance = 0.126
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Figure 1 Forest plots for overall survival rates after surgical resection. A: Meta-analysis of 1-year overall survival outcomes; B: Meta-analysis of 5-year overall
survival outcomes.

treatment complications after TACE (OR = 0.880
95%CI: 0.650-1.191, P = 0.407) (Figure 7). There was
no significant heterogeneity detected in the analysis of
the effects of complications. Among the most common
complications were liver failure, liver abscess, peptic
[5,28,29]
ulcers, and renal impairment
. Less common
complications included acute pancreatitis, acute
cholecystitis, gastrointestinal bleeding, and hepatic
[5,28,29]
artery dissection
. No significant heterogeneity
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was detected in the analysis of effects of treatment
complications.

Publication bias

Publication bias was assessed by symmetry of Begg’s
funnel plot (Figure 8). All the studies included had
comparative data for 5-year overall survival. Level of
symmetry was found to be high, indicating that there
was no significant publication bias.
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Figure 2 Forest plot demonstrating meta-analysis of 5-year disease free survival after surgical resection.
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Figure 3 Forest plot demonstrating meta-analysis of treatment complications of surgical resection.
[7]

DISCUSSION
As the prevalence of older patients with HCC has
increased, there has been ongoing debate regarding
appropriate treatment strategies for these patients.
Multiple treatment options are available for HCC
patients, with treatment allocation determined by
multiple factors including patient clinical characteristics,
tumor burden, and geographic variations in treatment
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expertise and utilization . Our aim was to determine
if age is an important contributor to patient survival
after resection, ablation and chemoembolization. Given
the relatively fewer number of patients eligible for
liver transplantation in this population, this treatment
strategy was not specifically evaluated in our study.
Surgical resection is a potentially curative option
for the elderly patient. According to BCLC staging and
treatment algorithm, surgical resection is indicated in
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2014
2014
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Japan
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Design

Prospective
Retrospective
Prospective
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Retrospective
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RFA
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RFA
RFA

Treatment
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75
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Age cut off
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336
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Young, n
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195
130
147
353

Elderly, n
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2010
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2012
2014
2014

Takahashi et al[24]
Mirici-Cappa et al[13]
Nishikawa et al[25]
Liu et al[20]
Fujiwara et al[26]

Japan
Italy
Japan
Taiwan
Japan

Country

Prospective
Retrospective
Prospective
Prospective
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Design
75
70
75
75
75

Age cut off
354
230
238
336
1048

Young, n
107
195
130
147
353

Elderly, n
24.9%
12.6%
NA
19.0%
15.9%

Young

2010
2010
2012
2014
2014

Year

354
230
238
336
1048

Young, n
107
195
130
147
353

Elderly, n
NA
89.9%
97.6%
95.0%
97.3%

NA
90.1%
90.0%
96.0%
95.5%

Elderly

1-yr overall survival
Young

[31,32]

Young

80.0%
52.9%
83.7%
81.0%
82.3%

Young

13.1%
NA
34.6%
NA
NA

Elderly

82.0%
53.4%
64.1%
78.0%
75.6%

Elderly

3-yr overall survival

7.9%
NA
15.1%
NA
NA

Young

77/30
157/33/2
87/16
89/11
287/63/3

Elderly
NA
3.04
1.92
NA
2.40

Young

9.3%
NA
25.4%
NA
NA

Elderly

63.0%
35.1%
64.0%
65.0%
62.9%

Young

61.0%
29.0%
44.8%
65.0%
52.7%

Elderly

5-yr overall survival

3.4%
NA
13.9%
NA
NA

Young

21.4%
NA
34.9%
NA
NA

Young

0.824
0.797
0.001
0.690
< 0.001

P value

16.8%
NA
28.5%
NA
NA

Elderly

DM (P = 0.602)

NA
3.13
2.31
NA
2.50

Elderly

Tumor size (cm) (P = 0.662)

Resp comorbidities (P = 0.474)

278/76
147/70/10
145/36/4
80/17/3
782/255/11

CV comorbidities (P = 0.446)

46/61
118/77
67/63
96/51
191/162

Elderly

Child Pugh A/B/C

HCC patients with a single tumor, PS 0, Child-Pugh class A, and no portal hypertension
. Among the studies analyzed in this meta-analysis, the elderly and younger
patient populations did not differ significantly in terms of male: female sex ratio and tumor size. In terms of co-morbidities, the elderly patients had a higher proportion
of respiratory disease. The proportion of cardiovascular disease and diabetes did not differ significantly between the two groups.
Our meta-analysis demonstrated that immediate surgical complications were also not significantly different between elderly and younger patients. In terms of long

NA: Not available.

Takahashi et al[24]
Mirici-Cappa et al[13]
Nishikawa et al[25]
Liu et al[21]
Fujiwara et al[26]

Author

8.4%
5.6%
NA
10.0%
11.9%

Elderly

Alcohol (P = 0.031)

Table 6 Survival data comparing elderly and younger patients undergoing radiofrequency ablation

NA: Not available.

Year

Author

218/136
165/65
150/88
221/115
705/343

Young

Sex: male/female (P = 0.031)

Table 5 Co-morbidities of patients with hepatocellular carcinoma who underwent radiofrequency ablation

RFA: Radiofrequency ablation; NA: Not available.

Takahashi et al[24]
Mirici-Cappa et al[13]
Nishikawa et al[25]
Liu et al[20]
Fujiwara et al[26]

Author

Table 4 Preoperative data of patients with hepatocellular carcinoma who underwent radiofrequency ablation
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Figure 4 Forest plots for overall survival rates after radiofrequency ablation. A: Meta-analysis of 1-year overall survival outcomes; B: Meta-analysis of 5-year
overall survival outcomes.
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Figure 5 Forest plot for treatment complications after radiofrequency ablation.
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70
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75

Age cut off

67
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Y
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34.8
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Median survival (mo)
(P = 0.683)
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26.9%
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6.0%

Y
24.0%
24.4%
NA
NA
5.0%

E

Post Op complication
(P = 0.854)
Y
5.0%
3.5%
NA
NA
0.0%

[12]

E
7.0%
4.7%
NA
NA
0.0%

Young

Y
41.0%
39.2%
78.9%
79.0%
78.2%

E
53.0%
54.4%
79.4%
84.0%
84.1%

52/15
165/32
113/40/3
86/14
53/13
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18.0%
14.9%
32.0%
57.0%
39.3%

Y

25.0%
23.2%
36.4%
57.0%
48.0%

E

3-yr overall survival

262/55
674/159/10
234/135/21
72/22/3
52/32

1-yr overall survival

54/13
143/54
117/41
222/49
34/32

Elderly

Child Pugh A/B/C

13.0%
8.4%
13.3%
42.0%
33.8%

Y

17.0%
10.6%
6.4%
39.0%
15.0%

E

5-yr overall survival

8.70
NA
3.89
NA
5.10

Young

0.277
< 0.003
0.730
0.953
0.887

P value

8.50
NA
3.86
NA
5.70

Elderly

Tumor size (cm)
(P = 0.953)

term outcomes, overall survival was similar between elderly and younger patients. Huang et al
reported that elderly patients actually had a significantly increased
[13]
overall survival rate compared to non elderly patients . Huang also found lower hepatitis B surface antigen positive rate, higher hepatitis C virus infection rate, and
[17]
more preoperative co-morbidities in the elderly population. Hirokawa et al
found that disease free survival was worse in elderly patients compared to non elderly
[18]
[18]
patients after surgical resection . Like in many other studies with elderly patients and HCC, they found a high prevalence of HCV infection . Disease free survival
was stratified to response to interferon in HCV-infected patients and the study showed that responders to IFN had significantly increased survival to non responders.
Generally, elderly patients have had poor response to interferon therapy due to severe side effects. Improvements of antiviral therapy with the newer oral agents could
possibly lead to improvements in disease free survival in elderly HCC patients with HCV infection.
[14]
Radiofrequency ablation has become an increasingly popular option for the elderly HCC patient . The AASLD and EASL guidelines present RFA as a potential
[31,32]
treatment option for compensated cirrhotic patients with good functional status and lesions less than 5 cm in size
. There have not been many studies investigating
the outcomes of RFA in elderly patients. In our analysis of preoperative patient characteristics, we found that there was a higher proportion of females in the elderly
population and a higher proportion of alcohol use in the younger patient population. The proportion of diabetes, cardiovascular disease, and respiratory disease were
similar in both patient groups. Our meta-analysis demonstrated no significant differences in 1-year and 3-year overall survival in elderly and non elderly patients who
underwent RFA. At 5 years, the younger had significantly better clinical outcomes. As the data regarding long term outcomes of elderly patients with RFA continues to
[26]
be lacking, the meta-analysis is limited by a small number of studies and showed significant heterogeneity. Similar to our findings, Fujiwara et al also showed lower
mortality at 5 years in the elderly patients. However, an additional risk analysis demonstrated that there was a significant difference in liver-unrelated death between

317
843
396
604
84

Young, n

Y: Young; E: Elderly; NA: Not available.

Yau et al[27]
Yau et al[27]
Mirici-Cappa et al[13]
Liu et al[20]
Nishikawa et al[28]

Author

272/45
715/128
301/95
446/158
63/21

Young

Sex: male/female
(P = 0.272)

30-d mortality
(P = 0.698)

Elderly, n

Table 8 Survival data comparing elderly and younger patients undergoing transarterial chemoembolization

TACE: Transarterial chemoembolization; NA: Not available.

Yau et al[27]
Yau et al[27]
Mirici-Cappa et al[13]
Liu et al[20]
Nishikawa et al[28]

Author

Table 7 Preoperative data of patients undergoing transarterial chemoembolization

Hung AK et al . Hepatocellular carcinoma in the elderly

November 14, 2015|Volume 21|Issue 42|

Hung AK et al . Hepatocellular carcinoma in the elderly

A

Study
Poon (China 1999)

Weights

Poon (China 1999)
Yau (china 2009)
Mirici-Cappa (Italy 2010)
Liu (Taiwan 2014)
Nishikawa (Japan 2014)

Yau (china 2009)
Mirici-Cappa (Italy 2010)

Method

Liu (Taiwan 2014)

Pooled
Est

Study

95%CI

Fixed

Random

Est

Lower

Upper

13.71
39.31
18.57
26.71
5.46

12.44
30.42
16.31
22.29
5.25

0.62
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No. of
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Figure 6 Forest plots for overall survival rates after transarterial chemoembolization. A: Meta-analysis of 1-year overall survival outcomes; B: Meta-analysis of
5-year overall survival outcomes.
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Figure 7 Forest plot for treatment complications after transarterial chemoembolization.
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Figure 8 Begg’s funnel plot with standard error as the X axis and the log
of the odds ratio as the Y axis.
[26]

the elderly and younger patients . This suggested
that elderly patients tended to die from liver-unrelated
[25]
causes at 5 years. Nishikawa et al
demonstrated
decreased cumulative overall survival and disease free
survival at 1-, 3-, and 5-year intervals in the elderly
[26]
patient group . The results in this study were poorer
[25]
compared to other reports. Both Nishikawa et al and
[26]
Fujiwara et al
did not demonstrate any significant
differences in terms of duration of hospitalization
and serious adverse events, suggesting that RFA is a
safe procedure for elderly patients. Although limited
by a small number of studies, our meta-analysis
demonstrated no significant difference in treatment
complications among the elderly patients and their
younger counterparts.
Transarterial chemoembolization is recommended
for unresectable, Child-Pugh class A or B patients
with multiple HCC with no vascular invasion. In terms
of treatment complications, we found that there
was no significant difference between the elderly
patients and their younger counterparts. Our metaanalysis demonstrated increased overall survival in
the elderly patients at 1-year and 3-year intervals.
At 5 years, there were no significant differences in
clinical outcomes between the elderly and younger
patients. There was no significant difference in
postoperative complications and 30 d mortality
between the two groups. A study by Mondazzi et
[29]
al
demonstrated that the independent prognostic
factors affecting survival in elderly patients undergoing
TACE were tumor stage, tumor markers, and hepatic
functional reserve. Advanced age was not shown
[30]
to be an adverse predictor of decreased survival .
Our TACE meta-analysis is also limited by a small
number of studies and heterogeneity. The largest
[27]
study conducted by Yau et al
showed increased
overall median survival and disease-specific survival in
elderly patients compared to younger patients. There
are only a limited number of studies on the clinical
outcomes of TACE in the elderly. In the studies that
were analyzed, co-morbidities of the elderly patients
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including cardiovascular disease, respiratory disease,
and diabetes were not included. Further investigation
is warranted, but given the limited data, TACE also
appears to be a safe treatment option for elderly HCC
patients.
This meta-analysis suggests that age should not
be a negative factor when considering treatment
allocation and outcomes given equivalent survival
and complications with resection, ablation, and TACE
between younger and older patients. In the largest
[20]
cohort of elderly HCC patients published, Liu et al
used propensity score analysis system to match elderly
and younger HCC patients and similarly did not find an
association with advanced age and inferior long-term
survival for HCC patients receiving surgical resection,
RFA, and TACE. In that study, 74% of younger patients
received curative treatment as the initial treatment, as
compared to 67% of elderly patients. Elderly patients
were less likely to undergo surgical resection and
instead received RFA or TACE compared to younger
patients. The elderly patients were more likely to have
compensated cirrhosis, lower AFP, fewer tumors with
smaller tumor volume, and less vascular invasion but
were more likely to advanced BCLC staging. It may
seem contradictory that elderly HCC patients tend to
have more advanced BCLC grading, but less advanced
cancer. This may be explained by the incorporation of
performance status in the BCLC grading system as the
elderly patients did have poorer performance status
compared to their younger counterparts. Advanced
BCLC stage could also account for less resection. In
this study, age was not found to be an independent
predictor of poor prognosis. Thus, when deciding the
optimal treatment strategy for elderly HCC patients,
thorough evaluation based on cancer stage and
general condition is important.
The majority of the studies included in the metaanalysis were done in eastern Asia, predominantly
Japan and China. The clinical outcomes of elderly
HCC patients in the western world, particularly in the
United States, have not been thoroughly investigated.
There is an urgent need for further investigation as
HCC is becoming a global health problem. In the
United States, reports suggest that HCC incidence
[2]
peaks above the age of 70 . Most of the existing
literature regarding elderly HCC patients pertains to
chronic hepatitis B or C. In the western world, there
is an increasing group of elderly HCC patients with
non alcoholic fatty liver disease. There is limited data
regarding the optimal treatment strategy of this
group of patients as they also tend to have multiple
co-morbidities. To increase external validity, further
studies from western countries are desperately
needed as the Asia Pacific region is a highly hepatitis B
endemic area.
Several limitations to this meta-analysis exist.
Studies included are observational cohorts by design
given the lack of randomized controlled trials for HCC
treatments. The multiple studies included in this review

12208

November 14, 2015|Volume 21|Issue 42|

Hung AK et al . Hepatocellular carcinoma in the elderly
contain diverse patient demographic and geographic
features resulting in significant heterogeneity. Few
studies investigated the safety and validity of surgical
resection, TACE, and RFA for elderly patients with HCC.
Regarding other therapeutic options such as moleculartargeted therapy such as sorafenib, radioembolization,
and liver transplantation, there is even less data on
clinical outcomes in elderly HCC patients and therefore
these modalities were not included in our analysis.
In conclusion, this meta-analysis suggests that
surgical resection, TACE, and RFA are safe and
effective treatment options for elderly patients with
HCC. Overall, elderly patients have similar success
with these treatments compared to younger patients
and should be considered for all treatments pending
their clinical status and cancer burden.

Terminology

TACE is a minimally invasive procedure which involves injecting particles
coated with chemotherapeutic agents into a tumor’s arterial supply.
Radiofrequency ablation (RFA) is another minimally invasive procedure in
which rapidly alternating current and electricity is delivered to a tumor to induce
necrosis.

Peer-review

The aim of this meta-analysis was to investigate the clinical outcomes of
surgical resection and locoregional treatments for HCC in elderly patients
defined as aged 70 years or more. The authors suggest that surgical resection,
TACE, and RFA are safe and effective treatment options for elderly patients
with HCC. The elderly patients have similar success with these treatments
compared to younger patients and should be considered for all treatments
pending their clinical status and cancer burden. This manuscript is important as
it will help to shed light on the management of HCC in the elderly population.
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Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

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

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

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

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

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

III

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

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

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
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Abstract
The outcome of gallbladder carcinoma is poor, and
the overall 5-year survival rate is less than 5%. In
early-stage disease, a 5-year survival rate up to
75% can be achieved if stage-adjusted therapy is
performed. There is wide geographic variability in
the frequency of gallbladder carcinoma, which can
only be explained by an interaction between genetic
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factors and their alteration. Gallstones and chronic
cholecystitis are important risk factors in the formation
of gallbladder malignancies. Factors such as chronic
bacterial infection, primary sclerosing cholangitis, an
anomalous junction of the pancreaticobiliary duct,
and several types of gallbladder polyps are associated
with a higher risk of gallbladder cancer. There is
also an interesting correlation between risk factors
and the histological type of cancer. However, despite
theoretical risk factors, only a third of gallbladder
carcinomas are recognized preoperatively. In most
patients, the tumor is diagnosed by the pathologist
after a routine cholecystectomy for a benign disease
and is termed ‘‘incidental or occult gallbladder car
cinoma’’ (IGBC). A cholecystectomy is performed
frequently due to the minimal invasiveness of the
laparoscopic technique. Therefore, the postoperative
diagnosis of potentially curable early-stage disease
is more frequent. A second radical re-resection to
complete a radical cholecystectomy is required for
several IGBCs. However, the literature and guidelines
used in different countries differ regarding the radi
cality or T-stage criteria for performing a radical
cholecystectomy. The NCCN guidelines and data from
the German registry (GR), which records the largest
number of incidental gallbladder carcinomas in Europe,
indicate that carcinomas infiltrating the muscularis
propria or beyond require radical surgery. According
to GR data and current literature, a wedge resection
with a combined dissection of the lymph nodes of the
hepatoduodenal ligament is adequate for T1b and T2
carcinomas. The reason for a radical cholecystectomy
after simple CE in a formally R0 situation is either
occult invasion or hepatic spread with unknown
lymphogenic dissemination. Unfortunately, there are
diverse interpretations and practices regarding stageadjusted therapy for gallbladder carcinoma. The
current data suggest that more radical therapy is
warranted.
Key words: Gallbladder carcinoma; Stage-adjusted
therapy; Radical cholecystectomy; Gallbladder polyps;

12211

November 21, 2015|Volume 21|Issue 43|

Goetze TO. Gallbladder carcinoma: Prognostic factors and therapeutic options

Cholecystitis; Gallstones; Laparoscopic cholecystectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The outcome of gallbladder carcinoma is
poor. In patients with early-stage disease, a 5-year
survival rate of 75% is possible. Stage-adjusted
therapy is key for improving survival. Despite the
theoretical risk factors of gallbladder malignancies,
only a third of gallbladder carcinomas are recognized
preoperatively, and radical re-resection in cases of
incidental discoveries of incidental or occult gallbladder
carcinomas is often crucial to complete a so called
radical cholecystectomy. Unfortunately, there are
diverse interpretations and practices regarding stageadjusted therapy for gallbladder carcinoma patients.
The current data suggest that more radical therapy is
warranted.
Goetze TO. Gallbladder carcinoma: prognostic factors and
therapeutic options. World J Gastroenterol 2015; 21(43):
12211-12217 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12211.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12211

quency of gallbladder carcinoma. The incidence rates
are extraordinarily high in Mapuche Indians in Chile,
South America. This population exhibits the highest
rate of gallbladder cancer: 12.3/100000 for males and
[10]
27.3/100000 for females . The women of north India
have an incidence of 22/100000. In North American
Indians (New Mexico) and Pakistan, the incidence
is 11/100000. Europe has a low overall incidence
of 0-4/100000. There are also relatively high rates
observed in several Eastern European countries such
as Poland, which has an incidence of 14/100000. The
literature reports Japan as having a high incidence
rate at 7/100000, though this value is low compared
[11]
with that of Poland . Epidemiological studies suggest
that the mortality rates are related to the incidence.
Countries with the highest incidence have the highest
mortality rates. There is an inverse relationship
regarding the cholecystectomy rate and incidence
of gallbladder carcinoma. Thus, countries with a
higher rate of cholecystectomy have a lower rate of
gallbladder carcinomas because the patients with
risk factors have their gallbladders removed before
carcinoma develops. Therefore, a survey of disease
risk factors is important.

Risk Factors
General data
Gallbladder carcinoma is the fifth most common
neoplasm of the digestive tract and has an overall
incidence of 3 per 100000 people. Gallbladder
carcinoma is the most common cancer of the
[1]
biliary tract . A gallbladder carcinoma is found in
0.2%-3% of all cholecystectomies and 0.09%-2% of
[2,3]
all laparoscopic cholecystectomies . A gallbladder
carcinoma is suspected preoperatively in only
[1]
30% of all patients . The other 70% of cases are
diagnosed using postoperative incidental findings by
a pathologist. These cancers are termed incidental
or occult gallbladder carcinomas. Only 15%-47% of
the preoperatively known gallbladder carcinomas are
[4]
suitable for resection . The majority of symptomatic
patients with malignant gallbladder disease have an
incurable tumor. The outcome of gallbladder carcinoma
is poor, and the overall 5-year survival rate is less than
5%. In early-stage disease, a 5-year survival rate
of 75% can be achieved if stage-adjusted therapy is
[5]
performed .
Gallbladder carcinoma is described in up to 3.4%
of autopsies conducted on cholelithiasis patients over
[6]
60 years of age . The risk of gallbladder carcinoma
increases with age. There are 2 peaks observed in
gallbladder tumor incidence. The first peak occurs at
50-60 years of age. The second peak occurs at 70-80
years of age and has a higher prevalence among
[7-9]
women .
There is a wide geographic variance in the fre
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Gallstones represent an important risk factor in the
formation of gallbladder malignancies. Concrements
are present in up to 85% of patients with gallbladder
[12]
carcinomas . Furthermore, gallbladder cancer
rates are correlated with the prevalence of gallstone
[12]
disease . Increasing stone size elevates the risk
of developing gallbladder cancer. Gallstones larger
than 3 cm are associated with a greater than tenfold
increased risk of cancer compared with that of small
[13,14]
gallstones
. The type of concrement also matters.
Cholesterol gallstones resulting from a distinct local
mucosal irritation and chronic inflammation are asso
ciated with a higher risk of cancer.
Chronic inflammation is strongly associated with
the malignant transformation of cells. Chronic inflam
mation causes DNA damage, which provokes repeated
tissue proliferation and restoration attempts. This
response involves the release of cytokines and growth
factors and, thus, predisposes cells to oncogenic
[15]
transformation .
Chronic cholecystitis is typically caused by chronic
irritation due to a cholelithiasis, which may provoke
cancer development after many years. Chronic
inflammation can also result in calcium enclosure in
the gallbladder wall. Only those with punctual calcium
enclosures are considered premalignant, cases with
transmural enclosures are associated with a decreased
[16]
risk of carcinoma . Porcelain gallbladder is a rare type
of chronic inflammation that occurs in approximately
0.8% of all cholecystectomies and is associated with
an increased carcinogenic risk. Porcelain gallbladder
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is a form of diffuse transmural calcification. Several
authors have reported a 62% carcinogenic risk, which
[16]
appears to be an overestimation . Additionally,
xanthogranulomatous cholecystitis is associated with
the development of gallbladder cancer but is not
[17]
considered a precancerous lesion . A prophylactic
cholecystectomy is recommended for patients showing
these particular disease patterns. The diagnosis is often
based on postoperative findings. Chronic bacterial
infection of the biliary tract is also a risk factor for
biliary malignancy (e.g., Salmonella typhi, Paratyphi
and Helicobacter bilis). The bacterial colonization
causes the degradation of bile, chronic irritation, and
inflammation of the biliary wall. These changes may
affect malignant transformation by altering tumor
[18,19]
suppressor genes or proto-oncogenes
.
Primary sclerosing cholangitis (PSC) is a chronic
inflammatory syndrome with a neoplastic “field effect”
that further supports the role of chronic inflammation
of the gallbladder and consecutive carcinogenesis
as there is an increased rate of gallbladder tumors
that occur via a metaplasia-dysplasia-carcinoma
[20]
sequence . The AASLD recommends an annual
ultrasound to detect mass lesions in the gallbladder.
A cholecystectomy is advised in patients found to
have gallbladder mass lesions regardless of the lesion
[21]
size . According to the EASL, gallbladder mass lesions
in PSC frequently (> 50%) represent adenocarcinomas
regardless of their size. Therefore, a cholecystectomy
is recommended in PSC patients with a gallbladder
[22]
mass of even < 1 cm in diameter .
The association between environmental exposures
and gallbladder cancer are unclear. The risk factors for
gallstones and gallbladder carcinoma include obesity,
metabolic syndrome, and diabetes. There is a risk of
malignancy in diabetes mellitus patients in the absence
[23-27]
of concrements in the organ
.
An anomalous junction of the pancreaticobiliary duct
is a congenital malformation that is rare in Western
countries; however, the malformation occurs frequently
[28]
in Asian populations and especially Japan . The
histological subtype is usually a papillary carcinoma. A
prophylactic cholecystectomy is recommended for these
patients.
When considering the risk factors for gallbladder
cancer, it is important to assess the management
of gallbladder polyps that are present in up to 5%
of adults and are more frequently diagnosed due to
[24,29]
better imaging modalities
. Approximately 60%
of gallbladder polyps are cholesterol polyps and 25%
have an adenomyosis with hyperplastic mucosa. An
additional 10% of polyps are inflammatory polyps, and
4% of all gallbladder polyps harbor benign adenomas
[30]
and have neoplastic potential . It is not clear if
benign adenomas progress to gallbladder carcinoma
because the absence of adenomatous polyp residuum
in gallbladder adenocarcinoma histology challenges an
adenoma-carcinoma sequence. The following factors
are signs of potential malignant growth: polyps greater
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than 10 mm, rapidly increasing polyps, solitary or
sessile polyps, association with gallstones, patients
over 50 years of age, and K-ras positivity. The S3
[31]
Guidelines
in Germany recommend a conventional
cholecystectomy by laparotomy for polyps larger
than 18 mm. Polyps > 5 mm warrant an endoscopic
ultrasound. Observation via transabdominal ultrasound
is recommended for polyps < 1 cm without additional
risk factors. A laparoscopic cholecystectomy is
recommended for polyps < 1 cm with risk factors or
polyps > 1 cm independent of the presence of risk
factors.
The worldwide variation in the prevalence of
gallbladder cancer can only be explained by gene
tic factors and their alteration. One method of
assessing possible environmental influences on the
risk of developing gallbladder cancer is to examine
changes in the cancer incidence after immigration
events. First-generation immigrants in Sweden were
[32]
studied by Hemminki et al
using the nationwide
Swedish Family Cancer Database. Only women from
India and Chile had an increased risk and Northern
European immigrants showed decreased risks of
developing gallbladder malignancies. The increased
rate of gallbladder carcinomas in Chilean and Indian
immigrants suggests that carcinogenesis susceptibility
was present before emigration and was responsible
[9]
[33]
for the cancer . A study by Kim et al
identified
potential markers of GBC. The close genetic similarity
between early and advanced gallbladder carcinoma
cases highlights the aggressive biology of early-stage
[33]
gallbladder carcinomas .
Gallstones are one of the most important risk
factors for developing cancer. The genetic alterations
that occur in the gallbladder wall are important for
understanding cancer development. The gallbladder
wall is altered by gallstones. The molecular path
ogenesis results in an accumulation of mutations
that may lead to malignancy. The common genetic
mutations responsible for carcinogenesis include
the activation of oncogenes, deactivation of tumor
suppressor genes, microsatellite instability, and
[34]
methylation of gene promoter regions .
Several of these genetic changes are associated
with particular risk factors. For example, cases with
papillary carcinomas are 100% K-ras positive and K-ras
is increased in cases of an anomalous pancreatobiliary
ductal junction. Squamous-cell carcinomas and
adenocarcinomas are K-ras positive in 33% and 66%
of cases, respectively. There was no detectable K-ras
[35]
mutation in undifferentiated adenocarcinomas .
The genetic mutation profile is interesting in the
context of chemotherapy for different histological
types of gallbladder carcinomas. Papillary tumors are
more responsive to EGFR tyrosine kinase inhibitors.
Thus, EGFR targeted therapy could be an option.
Adenocarcinoma histology carcinomas should be
treated with gemcitabine and cisplatin. However,
squamous-cell and adenosquamous-cell carcinoma are
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[35-39]

not sensitive to chemotherapeutics
.
There is also an interesting correlation between
risk factors and the histological cancer type. Appro
ximately 80%-97% of gallbladder carcinomas are
adenocarcinomas. The remaining 3%-20% of tumor
types include squamous-cell, adenosquamous-cell
carcinomas, or papillary carcinomas. Additionally,
gallstones and sludge are coexistent in 96% of cases.
There are gallstones present in nearly 100% of
squamous-cell and adenosquamous-cell carcinomas. In
particular, large (> 1.5 cm) cholesterol, composite, or
combination gallstones were found more frequently in
gallbladders with squamous-cell and adenosquamouscell carcinomas. In nearly 88% of gallbladder adeno
carcinoma cases, there are also gallstones present. In
particular, large, cholesterol, composite, or combination
gallstones (> 1.5 cm) have been found in 68.2% of
adenocarcinomas. Furthermore, small cholesterol,
mixed, or pigmented gallstones and biliary sludge are
[35]
found in 31.8% of adenocarcinomas .
The association between gallstones and carcinoma
in cases of SCC requires longer periods of time.
Thus, the patients with SCC are often older. SCC
is more locally aggressive and is less sensitive to
chemotherapeutics. In locally advanced stages, the
prognosis of SCC is worse than adenocarcinomas.
However, it has also been shown that R0 resection of
an intramucosal pure squamous-cell carcinoma has a
[35]
comparable prognosis to adenocarcinomas .
Papillary adenocarcinoma normally has K-ras
mutations that are associated with pancreatobiliary
reflux, but not with gallstones. Papillary adeno
carcinoma patients are younger and have an abnormal
pancreatico-choledochoductal junction, cystic duct
dilatation, long common pancreatobiliary channel and
adenomatous polyps. The patients are common in
Eastern countries and Japan.
Approximately one-third of gallbladder carcinomas
are known preoperatively despite understanding the
theoretic risk factors. In the majority of cases, the
tumor is diagnosed by the pathologist after a routine
[40,41]
cholecystectomy for a benign disease
, and these
tumors are termed ‘‘incidental or occult gallbladder
carcinomas’’.

Surgical approach and stage
adjusted therapy
The gallbladder is currently removed laparoscopically
[5,40]
in more than 75% of cases
. In western countries
such as Germany more than 90% of gallbladders are
removed by the laparoscopic technique. However, the
laparoscopic approach for treating gallbladder carcinoma
remains controversial. In cases of preoperative sus
picion, the laparoscopic approach is contraindicated
for gallbladder carcinoma because of an increased risk
of organ perforation due to grasping instruments, bile
[7,42-44]
spillage, and port-site recurrences
. Consequently,
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when GBC is suspected preoperatively, an open
technique is recommended for performing a radical
cholecystectomy. However, due to the minimally
invasive nature of the laparoscopic technique, a chole
cystectomy is performed more frequently. As a result,
the postoperative diagnosis of early gallbladder
[45]
carcinoma is more frequent . A second surgery for
radical re-resection is required for IGBCs, depending
[31]
on tumor stage . Several studies have suggested that
laparoscopy for IGBC is associated with a greater risk
[46-48]
of tumor dissemination than is the open approach
.
However, these conclusions are based on small sample
sizes, inhomogeneous patient groups, and older data.
Multiple studies including the GR, which has the largest
number of IGBCs in Europe with more than 900 IGBC
[40,41,45,49]
cases
, indicated the primary access technique
(laparoscopy vs the primary open technique) did not
[50]
affect prognosis. A study by Cho et al
showed that
the laparoscopic approach is feasible for suspected
early-stage gallbladder carcinoma. However, stageadjusted therapy should be performed regardless of
[49]
the primary access technique .
Although there are guidelines in different countries,
the literature, guidelines, and the compliance with
[49]
those guidelines can vary for stage-adjusted therapy .
Stage-adjusted therapy includes radical surgery of
the liver and a lymphadenectomy. According to the
[31]
S3 Guidelines in Germany , the recommended
treatment for gallbladder carcinoma is liver resection
in the form of wedge resection of the gallbladder bed
or a resection of liver segments 4b and 5. This surgery
is always combined with a lymphadenectomy of the
hepatoduodenal ligament in cases of T2 and more
advanced T-stages. A similar procedure is recommended
even for T1b and more advanced carcinomas by the
Guidelines of the National Comprehensive Cancer
Network, which is an alliance of 25 of the world’s
[51]
leading cancer centers .
The reason for a so called radical cholecystectomy
after simple CE in a formally R0 situation is an occult
invasion or hepatic spread, respectively a not known
lymphogenic dissemination. A radical resection following
R1 or R2 surgery should always be an individual
decision based on the opinion of several surgical and
oncologic specialists.
The types of liver invasion were described by Nagai
[52]
et al
and include liver-bed and hepatic-hilar type.
[53]
Ogura et al
further defined a gallbladder confined
type, a liver bed type, and a hepatic-hilar type with an
expansive and infiltrating pattern with continuous or
discontinuous spread.
[54]
Endo et al
described a venous and lymphogenic
pathway of microscopic tumor cell seeding in the
liver in T2 GBCs, which is a T-stage without direct
infiltration in the liver. The use of venous drainage in
[55]
the liver is well described by Boerma et al , in form
of a drainage in portal system of both lobes of the liver
and direct drainage in segments Ⅳ and Ⅴ through so
called vesicohepatic vessels.
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Different modes of lymphatic spread were des
[56]
cribed by Fahim et al based on the anatomical work
in fetuses of Clermont in 1909 and the 3 pathways
[57]
described by Ito et al
in adult cadavers. Shirai et
[58]
al
identified the regional lymphatic system of the
gallbladder by intraoperative vital staining. Uesaka
[59]
et al
visualized the routes of lymphatic drainage
in the gallbladder with a carbon particle suspension
and found 3 different pathways. The final destination
of all of the lymphatic routes is the confluence in
the abdominal aortic nodes near the left vena renal
location and the paraaortic nodes. Thus, preoperative
knowledge regarding the paraaortic nodes is crucial
if planning an ultraradical resection termed HPD
(hepato-pancreatic-duodenectomy) as shown by
[60]
[61]
[62]
Sasaki et al
or Kondo et al . Kondo et al
shows
a combined (lymphatic and liver) mode of spread
in GBC that could be subdivided into the following
categories: a hepatic bed type, hepatic hilum type,
bed and hilum type, lymph node type, cystic duct type
and a localized type.
The T-stage that requires radical liver resection
is still a matter of debate. The NCCN clinical practice
guidelines in oncology recommend a liver resection
and lymph node dissection in T1b and more advanced
[51]
[63-73]
T-stages . The literature
supports radical GBC
surgical therapy for the T1b stage and above. The
German registry contains more than 900 IGBC cases
and supports radical resection for the T1b stage. The
GR data highlight the importance of IRR in cases of
[72,73]
T2 and T3 carcinomas
. The radical liver resection
techniques are supported by evidence from the GR
[74]
and the literature . The data support a wedgeresection technique with respect to prognosis and
preoperative morbidity in T1b and even T2 cases. The
prognostic impact of positive lymph nodes in stage T1b
[75]
to T3 incidental gallbladder
and node dissection is
important. The rate of positive nodes is 15.7% in T1b
carcinomas, 46% in T2, and 75% in T3 GBCs.
Despite the many known risk factors, only 1/3 of
all carcinomas are detected preoperatively. Less than
half of these carcinomas are suitable for resection.
Thus, it is important that the early-stage gallbladder
carcinomas found in the 2/3 of patients who are
diagnosed postoperatively as an incidental finding are
treated with stage-adjusted therapy that includes liver
resection and lymph node dissection.
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Abstract
Lymph node staging is of crucial importance for the
therapy stratification and prognosis estimation in
colon cancer. Beside the detection of metastases, the
number of harvested lymph nodes itself has prognostic
relevance in stage Ⅱ/Ⅲ cancers. A stage migration
effect caused by missed lymph node metastases has
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been postulated as most likely explanation for that. In
order to avoid false negative node staging reporting
of at least 12 lymph nodes is recommended. However,
this threshold is met only in a minority of cases in daily
practice. Due to quality initiatives the situation has
improved in the past. This, however, had no influence
on staging in several studies. While the numbers of
evaluated lymph nodes increased continuously during
the last decades the rate of node positive cases
remained relatively constant. This fact together with
other indications raised doubts that understaging is
indeed the correct explanation for the prognostic impact
of lymph node harvest. Several authors assume that
immune response could play a major role in this context
influencing both the lymph node detectability and the
tumor’s behavior. Further studies addressing this issue
are need. Based on the findings the recommendations
concerning minimal lymph node numbers and adjuvant
chemotherapy should be reconsidered.

Core tip: The number of evaluated lymph nodes
is prognostic in stage Ⅱ and Ⅲ colon cancers.
Understaging due to inadequate lymph node harvest
causing a stage migration effect is a widely accepted
explanation for this. However, there is growing evidence
that understaging plays only a minor role in this context.
It seems much more likely that immune response
has influence on the lymph nodes’ detectability and is
associated with outcome in colon cancer.
Märkl B. Stage migration vs immunology: The lymph node
count story in colon cancer. World J Gastroenterol 2015;
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INTRODUCTION
Lymph node staging is still of crucial importance for
the prognosis and the therapy stratification in colon
cancer. The occurrence of lymph node metastases
is associated with an adverse clinical course with an
indication for adjuvant chemotherapy. In contrast,
patients with stage Ⅰ/Ⅱ colon cancers show a
considerable better outcome with a high rate of longterm survivors. Because only a small number of
these patients benefit from adjuvant chemotherapy
it is restricted to high risk situations like T4-stage
[1,2]
or emergency resections
. In order to ensure
high quality in staging colon cancer several national
guidelines recommend the histopathological evaluation
[3,4]
of at least 12 lymph nodes . On the other hand it
is well known that this recommendation is achieved
[5,6]
only partially sometimes only in a minority of cases .
Low lymph node yields, however, are associated with
[7]
an adverse outcome . Cases with low lymph node
harvests might be prone to the missing of positive
lymph nodes and understaging. In contrast, high
numbers of evaluated lymph nodes could prevent from
understaging. Actually, high numbers of investigated
lymph nodes are associated with favorable outcome in
colon cancer. A stage migration effect also called Will
[8]
Rogers phenomenon introduced by Feinstein et al
would take place resulting in improved survival curves
both for stage Ⅱ and Ⅲ cancers. The elimination
of false node negative cases within the collective of
stage Ⅰ/Ⅱ cases and the shift of relatively early nodal
positive cases into the correct stage Ⅲ category is
believed to cause such a phenomenon.
This prognostic impact of high lymph node yields
prompted the demand of more intensive lymph
node evaluations with up to 30 lymph nodes or even
[9-11]
more
. Because insufficient lymph node harvest
has been identified as an adverse prognostic factor
adjuvant chemotherapy is recommended for patients
with less than 12 identified lymph nodes regardless of
[1,2]
the nodal status .
However, the achievement of the 12 lymph node
threshold is not only of prognostic and therapeutic
relevance. It has also implications in terms of the
quality measurement in surgical oncology. It is widely
accepted that the identification of at least 12 lymph
nodes is a good surrogate marker for an adequately
[12]
performed surgical resection . This is still the
case today although it could be shown by several
investigation that the number of elevated lymph nodes
is not only influenced by the surgeon but by many
other very different factors including the pathologist,
the age of the patient and the molecular alterations
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[13,14]

of the tumor
. The attempt to improve the quality
of colon cancer therapy is very likely the reason for
the increased rate of sufficiently staged cases in the
[9,15]
past
. This development to an improved lymph
node staging should influence the outcome statistics
not only mathematically but also effectively because
of a higher rate of correct stage adapted therapy. This
would be a strong argument that understaging of
cases with a poor lymph node yield is the reason for its
prognostic impact. However, several authors express
doubts that the Will Rogers phenomenon is really the
[16,17]
correct explanation for this effect
. An alternative
thesis is that immune response plays a major role
[16,18,19]
in this context
. A strong immunologic reaction
against the tumor could result in local lymph node
hyperplasia with enlargement and enhanced lymph
node detectability.
This review discusses the current literature in order
to elucidate the biological nature of the prognostic
impact of lymph node count in colon cancer.
For that a broad literature research within the
MEDLINE Database was performed. The search terms
included “lymph node” in combination with “colon”
or “colorectal”. Additionally previously published
[7,20,21]
reviews
were screened for relevant references
that might have been missed by the initial MEDLINE
search. Because this review emphasizes on colon
cancer articles that solely deal with rectal cancers were
excluded. Articles in English and German language
were considered for integration. In order to answer the
question of this review articles providing information
about the following topics were of particular interest:
Factors influencing the lymph node harvest; Prognostic
impact of lymph node harvest; Lymph node positivity
rates; Upstaging from N0 to N+ after secondary
lymph node dissection; Effect of advanced dissection
techniques; Effect of improved lymph node recovery
over time; Comparison of differently performing
hospitals; Indications for the role of immune response.

FACTORS INFLUENCING THE LYMPH
NODE HARVEST
Analyzing the literature an increasing interest in
identifying factors that influence the lymph node
harvest is recognizable. It seems that a search is
ongoing for the one who is to blame when the 12
lymph nodes rule could not be achieved and for answer
of the question whether it is justified to demand this
rule in all situations. Forty-four studies investigating
such potential factors, published between 2003 and
2014, are included in this review. Before discussing
these factors it might be worth to consider how
many lymph nodes can be expected within a colonic
specimen. Two studies reporting the results of entire
[22]
submission of mesenteric tissue (ESMT). Brown et al
found about 90 lymph nodes per colonic specimen on
[23]
average while Kim et al
detected about 43 lymph
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methylene blue technique or ESMT improves the lymph
node yield effectively in comparison to the conventional
[38]
manual technique . The same two studies that
did not find lymph node retrieval influenced by the
surgeon also reported a lacking influence of pathology
[31,32]
related factors on
. This, however, is probably more
the result of homogenous performance levels of these
specialties within these single centers.

Table 1 Factors with influence on lymph node harvest in
colorectal cancers
Surgery

Pathology

Patient

Experience
Volume

Experience
Technique

Age
Gender
BMI

Tumor

Other

Location
Specimen length
T-stage
Hospital status
N-stage
Year of operation
Lymph node
size
MSI

Patient

BMI: Body mass index; MSI: Microsatellite instability.

nodes in colorectal cancers. Anecdotally, the authors
group found 360 lymph nodes in one specimen of a
total colectomy using methylene blue assisted lymph
node dissection (unpublished case). It is clear that the
vast majority of these nodes are very tiny and barely
visible. Nevertheless, these reports indicate that the
theoretically achievable numbers are by far above the
12 recommended lymph nodes. The main different
factor categories are given in Table 1 and discussed
below.

Surgery

The resection of the complete lymphatic basin is an
essential part of the oncological adequate surgical
therapy of colon cancer. As mentioned before the total
number of evaluated lymph nodes is a well-established
but also controversial debated marker for the surgery’s
quality. Many of the published studies show significant
differences between individual surgeons and/or
positive associations between, surgeon’s experience/
qualification and/or surgical volume and the number of
[13,24-30]
harvested lymph nodes
. A few studies, however,
[31,32]
found no influence of surgery related variables
.
Open and laparoscopic technique were shown to be
equal in terms of lymph node retrieval in two meta[33,34]
analyses
.

Pathology

The independent influence of the pathologist on
lymph node retrieval is also reported in several
[13,25,27,29,30,35,36]
studies
. Interestingly, an inverse
association between qualification or level of training
and number of identified lymph nodes is reported.
[37]
Kuijpers et al
reported better results of pathology
assistants compared to pathologists and Bamboat et
[35]
al showed that residents in their first year of training
are more successful in dissecting lymph nodes than
there more experienced colleagues. To pathologists
these results are probably less surprising as the might
be to others. Dissecting lymph nodes of a surgical
specimen is certainly one of the most unpopular task
in pathology. Diligence and lack of time play a major
role in this context. Pathology assistance and young
residents may have more time and patience to do a
better job.
The usage of special techniques like fat clearance,
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Patient related factors are unmodifiable and therefore
different from the former discussed points. Patient’s
age is mentioned by many authors as an independent
[19,28,39-47]
predictor for the lymph node count
. All these
studies reported consistently an inverse association
between higher age and lymph node harvest. To
our knowledge there are no studies available that
investigated the underlying reasons for that. One can
speculate that surgical aggressiveness differ between
different age groups. On the other hand increasing age
could be accompanied by a diminishing immunologic
response resulting in smaller lymph nodes.
The role of patient’s gender is somewhat more
controversial. Gender was identified only by a minority
of studies as a lymph node yield influencing factor.
Nevertheless, three of the four of these studies
reported an association of female sex with higher
[19,41,48]
[49]
lymph node count
. Only Horzic et al
found a
higher lymph node count in males.
Whether the body mass index (BMI) plays a role
or not remains unclear. There are studies that found
a positive association between particular low BMI and
[31,50]
lymph node harvest
others report an association
[13,32]
between high BMI and poor harvest
. Explanations
again are speculative and point in the same direction
as in age. In several other studies, however, no effect
[25,51,52]
was seen
.

Tumor

Tumor associated factors are also unmodifiable. There
[14,19,26,28,31,36,39,42-44,53-57]
is strong evidence from 15 studies
that right location of the tumor is associated with
significant higher lymph node counts compared to
left sided tumors. This might be related to anatomic
differences between the different parts of the colon. A
higher rate of microsatellite instability (MSI) positive
cancers - which are mainly located in the right colon could be another explanation at least in certain a part of
cases.
Like location, T-stage and/or tumor size were
found to be predictive for the lymph node yield in
[13,31,36,41-43,46,49,55,56,58-60]
colon cancer very often
. The
immunogenicity of advanced tumors seems to be
higher compared to low stages inducing a stronger
reaction in lymph nodes. A more aggressive surgical
treatment in advanced diseases is also thinkable.
Several authors report a positive correlation
between lymph node number and the detection of
[41,44,56,61]
lymph node metastases
. Nevertheless, it
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Table 2 Prognostic relevance of lymph node harvest in stage Ⅱ colon cancers
First author

Year

n

Insuff.-rate

pT3/4

Prognostic

Swanson
Law
Bui
Bilimoria
Maggard

2003
2003
2006
2008
2009

35787
115
4531
142009
11263

60%
NA
NA
NA
NA

100%
100%
NA
59%
69%

Yes
Yes
Yes
Yes
Yes

5yOS
No cut off
≥7
5yOS, 5yDFS
OS
1-3 vs 10-36
≥ 12
5yOS
5yOS
4 (T1) and 10 (T2)

Stocchi
Sato

2011
2011

901
1476

NA
56%

100%
100%

Yes
Yes

OS, DFS, CsS
5yOS

Endpoints

Cut off

≥ 12

> 12

Survival
linear increase of 5yOS-rate
5yOS: < 7LN 69% vs > 6LN 89%
HR = 0.6 (CI: 0.4-1.0), P = 0.03
HR = 0.75 (CI: 0.71-0.8), P < 0.0001
T1: HR = 0.76 (CI: 0.641-0.902), P = 0.002
T2: 0.853 (CI: 0.776-0.937), P = 0.001
< 12 LN: HR = 1.93 (1.27-2.94), P = 0.002
ACT: improved 5yOS for LNs ≤ 12

1

Sub-group of the study collection. NA: No available data; 5yOS: 5 years overall survival; 5yDFS: 5 years disease-free survival; OS: Overall survival; CsS:
Cancer specific survival; ACT: Adjuvant chemotherapy; LN: Lymph node.

[19,26,29,47,55,56,60]

influencing
.
A view studies investigated the impact of hospital
[60,66-68]
status on lymph node count retrieval
. The
results indicate that teaching and high volume centers
are more successful in identifying a sufficient number
of lymph nodes.

95%
90%
85%
80%
75%

PROGNOSTIC RELEVANCE OF LYMPH
NODE COUNT IN COLON CANCER

70%
65%
60%
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 30 > 30
Number of investigated lymph nodes

Figure 1 Linear correlation between between 5-year overall survival rates
and lymph node count in T3N0 colon cancers calculated on the data
published by Swanson et al[77].

We identified 49 studies published between 1998 and
2014 including total 625279 (range: 94-194459) that
investigated the prognostic impact of lymph node
count in colon and colorectal cancers, respectively.
These studies show a very high heterogeneity in
many respects. The study endpoint differ as cut offs,
included locations and stages, case numbers and study
[69,70]
designs do. Two nested cohort studies
and 10
[45,71-79]
register studies
were found. The other studies
are mainly performed in single centers.

seems questionable whether this means that a greater
lymph node yield necessarily results in in higher
detection of metastases. The opposite linkage - the
metastatic involvement induce a stronger lymph node
reaction - is at least as plausible similar to advanced
T-stages.
Lymph node size was recently reported as being
associated with total lymph node count by the authors
[62]
[63]
group, Märkl et al
and Sloothaak et al . MSI is
also believed to interfere with the lymph node count.
However, we found only four articles addressing
this issue. Three authors report higher lymph node
[14,53,64]
numbers in MSI positive cancers
. MacQuarrie et
[65]
al did not find such an association focusing on stage
Ⅲ cancers. Both factors lymph nodes size and MSI
might indicate an immunologic association.

All seven studies that were restricted to stage Ⅰ/Ⅱ
cancers colon cancers showed survival advantages with
considerable risk reductions for the groups with higher
[28,76,77,79-82]
lymph node counts (Table 2)
or increased risk
for patients with low lymph node yields. Most authors
used defined cut offs for their analyses. Swanson et
[77]
al
however showed a linear increase of the 5 year
overall survival rates with increasing numbers of
evaluated lymph nodes (Figure 1). The work of Sato
[82]
and coworkers
seems unique because of addressing
the issue of adjuvant chemotherapy in patients with
poor lymph node yield. The authors reported an
improved outcome in the chemotherapy group.

Other factors

StageⅠ -Ⅲ colon cancers

Other factors that influence lymph node yields are the
specimen length, the status of the hospital and the
year of diagnosis/operation. The latter will discussed in
detail in one of the following paragraphs. The specimen
length is probably multifactorial influenced by the
surgeon, the tumor and patient’s individual anatomy.
Several studies report this factor as lymph node count
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StageⅠ /Ⅱ colon cancers

Twelve studies performed between 2002 and 2014
investigated colon cancers with and without lymph
node metastases (stage Ⅰ-Ⅲ or stage Ⅲ colon cancers
[44,45,54,69-71,73,74,78,83-85]
exclusively) (Table 3)
. Both nested
[69,70]
cohort studies
which are retrospective analyzes
from two large multicenter studies belong to this
group. All ten studies that included stage Ⅱ cases
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Table 3 Prognostic relevance of lymph node harvest in stage Ⅱ and Ⅲ colon cancers
First author

Year

n

Prandi1

2002

3491

Le Voyer2

2003

Jestin
Johnson
Kelder
Tsikitis
Vather
Dillman
Shanmugam
Chang
Gleisner
Khan

N+

Insuff rate

pT3/4

Endpoints

Cut off

48%

501%

n.m.

OS, PFS

3411

81%

NA

2004
2006
2009
2009
2009
2009
2011
2012
2013

3735
20702
2281
329
4309
574
490
9644
154208

31%
100%
32.4%
100%
NA
NA
46.9%
41%
34%4

NA
NA
79%
49%
NA
NA
24%
27.7%
NA

2014

194459

NA

8-12 (RR = 0.46) vs
13-17 (RR = 0.76) vs
> 17 (RR = 0.79)
N1: ≥ 12 vs > 10 vs > 40;
N2: > 35;
N0: ≥ 12 vs ≥ 12 vs > 20
and < 35
≥ 12
< 4 neg LN vs > 12 neg LN
< 6; 6-11; > 11
> 12
4 LN wide steps
≥ 12
≥ 20
≥ 12
Linear risk reduction up to 25
LN in N- and up 10 LN in N+
≥ 12 LN

41%

89%

CsS

NA
92%
79%
NA
NA
NA
NA
80.2%
69.4%

OS
5yCsS
5yOS
CsS/DFS
5yOS
OS
5yCsS/CsS
5yOS
OS

NA

CsS

Prognostic stage Prognostic stage
Ⅱ
Ⅲ
Yes

No

Yes

Yes

Yes
/
Yes
/
Yes
Yes
Yes
Yes
Yes

/3
Yes
N
N
Yes
No
Yes
Yes
Yes

Yes

Yes

1

Intergroup Trial INT-0089; 2INTAC-Trail; 3Lymph node ratio is prognostic; 4Mean out of two collectives. NA: No available data; 5yOS: 5 year overall
survival; 5yDFS: 5 year disease-free survival; OS: Overall survival; CsS: Cancer specific survival; HR: Hazard rate; ACT: Adjuvant chemotherapy; LN:
Lymph node; PFS: Progression-free survival; DFS: Disease-free survival; N-: Node negative; N+: Node positive.

Table 4 Prognostic relevance of lymph node harvest in stage Ⅱ colorectal cancers
First author

Year

n

Insuff rate

pT3/4

Prognostic

Endpoint

Cut off

Survival

Cserni
Cianchi
Wong
Berberoglu
Yoshimatsu
Tsai
Norwood
Ishizuka
Nir
La Torre
Iachetta
Xingmao

2002
2002
2002
2004
2005
2007
2009
2010
2010
2012
2013
2013

8574
140
345
301
94
180
2449
205
117
204
657
729

NA
min 40%1
NA
53.5%1
35%
NA
NA
min 36%1
28%
16%
22%
NA

100%
n.m.
NA
69%
100%
70%
NA
100%
100%
100%
100%
100%

Yes
Yes
≥ 68
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes

OS
5yOS
DFS
5yOS
5yOS
OS
OS
CsS
5yOS, 5yDFS
5yDFS, 5yCsS, and 5yOS
CsS/PFS
OS

No cut off
≥9
22.6 vs 11.32
≤ 10
≥9
≥ 18
< 12
≤ 9 vs > 9
≥ 12
> 12
< 12 vs ≥ 20
> 12

Continuously improved survival
54.9% vs 79.9%, P < 0.001
40% vs 90%1, P < 0.001
RR = 2.8 (CI: 1.6-5.2), P = 0.0008
66.7% vs 86.7%
5yOS: 70 vs 98%1, P = 0.015
about 15% difference1, P = 0.001
44.5 mo vs 66 mo, P = 0.0042
No difference
5yOS 78.5% vs 53.1%, P = 0.001
HR = 0.49 (CI: 0.30-0.79), P = 0.003
88.7% vs 64.9%, P = 0.000

1

Estimated based on Kaplan-Meier-curve; 2Comparision of different cohorts. NA: No available data; 5yOS: 5 year overall survival; 5yDFS: 5 year diseasefree survival; OS: Overall survival; CsS: Cancer specific survival; HR: Hazard rate; LN: Lymph node; PFS: Progression-free survival.

found favorable outcomes of the groups with higher
lymph node counts. Again the chosen cut offs differed
considerable. In 8 of 12 studies superior survival
rates were found in stage Ⅲ cancers also. One study
showed an advantage for cases with low lymph node
ratio (number metastatic lymph node divided by total
lymph node number). Three groups including Kelder et
[44]
[70]
[85]
al , Prandi et al and Tsikitis et al however, found
no significant association between lymph node harvest
and outcome in stage Ⅲ cancers.

StageⅠ /Ⅱ colorectal cancers

Twelve publication between 2002 and 2013 were
restricted to stage Ⅰ/Ⅱ cases but included both colon
[47,72,86-95]
and rectal cancers (Table 4)
. Despite the very
different cut off points and endpoints, all except one
paper reported favorable outcomes for the groups
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[91]

with better lymph node harvests. Nir et al
were not
able to show such an effect. This, however, might be
the result of a relatively small sample number with
only 117 cases. The authors reported at least a nonsignificant trend (P = 0.15) towards better disease free
survival in the group of ≥ 12 lymph nodes.

StageⅠ -Ⅲ colorectal cancers

Node negative and positive colorectal cancers were
investigated in 17 studies between 1998 and 2014
[19,26,75,96-109]
(Table 5)
. Again all but one study reported
better clinical courses for cases with higher lymph
node counts in stage Ⅱ cancers. The half of the
studies, however, found no significant difference in
stage Ⅲ cancers. An explanation for this discrepancy
to the findings in other constellations could be that
fact locally advanced rectal cancers are usually treated
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Table 5 Prognostic relevance of lymph node harvest in stage Ⅱ and Ⅲ colorectal cancers
First author

Year

Caplin
Sarli
Wong
George
Edler
Evans
Choi
Desolneux
Ogino

1998
2005
2005
2006
2007
2008
2010
2010
2010

Fretwell
Wong
Kotake
Kritsanasakul
Moro-Valdezate
Zhang
Onitilo
Duraker

2010
2011
2011
2012
2013
2013
2013
2014

n

N+

377
1040
21491
3592
125
381
664
362
716

NA
NA
37%
NA
51%
45.3%
NA
NA
38%

351
48%
8521 About 30%
16865
46%
533
43%
11662
39.7%
265
42.3%
1397
37%
461
NA

Insuff-rate
NA
NA
NA
79%
87%
47%1
NA
NA
63%1
min 20%
32%
24%1
59.1%
65%1
75.1%
26%
51%

pT3/4

Endpoints

Cut off

Stage Ⅱ

Stage Ⅲ

NA
100%
67%
NA
NA
82%
100%
72.4%
68.3%

OS
5yOS
OS
5yOS
OS
5yOS
DFS
OS
CsS/OS

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No

95%
66%
100%
82%
79.7%
79.2%
67%
74%

5yOS
CsS
5yOS
5yOS
5yOS/5yCsS
OS
OS
CsS

>6
< 10
> 13
0-4; 5-10; > 10
0-11 vs > 11
≥9
> 20
< 8 vs ≥ 8 and < 12 vs ≥ 12
0-3 negative LN, 7-12 and > or =
13 negative LN
≥ 9 (Dukes B); > 9 (Dukes C)
medians: 4 vs 8 vs 10
< 10 vs > 27
≥ 12
≥ 12
< 12
≥ 12
≥ 12

Yes
Yes
Yes
Yes
No
Yes
Yes
Yes

1

Yes
Yes1
2

No
No
Yes
Yes
No
Yes
1

No
Yes
Yes
No1

1

Survival analysis only in the nodal negative sub group (n = 1348); 2Based on cases with available survival data (n = 359). NA: No available data; 5yOS:
5 year overall survival; 5yDFS: 5 year disease-free survival; OS: Overall survival; CsS: Cancer specific survival; HR: Hazard rate; LN: Lymph node; PFS:
Progression-free survival.

10

Number of studies

8

6

4

2

0
20

22

24

26

28

30

32
34
36
38
40
42
Rate of node positive cases (%)

44

46

48

50

52

54

Figure 2 Mean or median lymph node positivity reported in 71 studies.

by neoadjuvant radiochemotherapy which itself is
[13]
associated with decreased lymph node yields .
[110]
Govindarajan et al
found that lymph node harvests
beyond the 12 lymph node rule in neoadjuvantly
treated rectal cancers were not associated with
understaging or inferior survival.

LYMPH NODE POSITIVITY RATES
For an estimation of the lymph node positivity rate
that can be expected by conventional pathological
examination technique 57 studies including about
750000 cases of colon and colorectal cancers
were analyzed published between 1987 and 2015
[5,6,10,14,15,17,24,26,40-44,46,48,53,55,57,59,61,63,64,66,71,73,75,83,84,95,100,101,103-109,111-127]
.
The mean and median rates of lymph node positivity
rate on the basis of the selected studies were 39%
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and 38% (range: 28-53) (Figure 2). Based on patients
the mean percentage of node positive cases was
37%. There was a significant correlation between the
portion of pT3/4 cancers and the occurrence of lymph
node metastases (Figure 3A). The rate of inadequately
staged cancers, however, had no influence on the rate
node positive cases (Figure 3B). The results of the five
largest studies are given in Table 6.

UPSTAGING AFTER RE-EVALUATION
AND INFLUENCE OF ADVANCED
TECHNIQUES
Influence of re-evaluation on staging

Fourteen studies were identified that evaluated the
effect of secondary or even tertiary lymph node
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B

60

60

50

50

40

40

Rate LN+ (%)

Rate LN+ (%)

A

30
20

20

R = 0.540
P < 0.001

10
0

30

0

20

40
60
Rate of pT3/4 cases (%)

80

R = 0.115

P = 0.437

10
0

100

0

20

40
60
Rate of insufficient LN (%)

80

100

Figure 3 Association between the rate of pT3/4 cancers and the lymph node positivity rate in 51 studies (A) and rate of cases with inadequate lymph node
harvest (< 12 LN) and lymph node positivity (B).

Table 6 Lymph node positivity rates of the five largest studies
First author

Year

n

Register

N+ rate

Insuff rate

Rate T3/4

Gleisner
Baxter
Ricciardi
Gonsalves
Chang

2013
2010
2006
2011
2012

154208
110444
106900
19240
9644

SEER
SEER
SEER
VACCR
Taiwan Cancer Database

34%
41%
34%
30%
41%

NA
53.6%
57%
NA
27.7%

69.4%
100%
73%
61.1%
80.2%

SEER: Surveillance, Epidemiology and End Results cancer registry; VACCR: Veteran's Affairs Central Cancer Registry; NA: No available data.

dissection in colorectal cancer most often with aid of
[22,23,48,128-137]
clearance techniques (Table 7)
. Only the
authors study was restricted to colon cancers. All these
studies are limited by relatively small case numbers
ranging from 15 to 188. Nevertheless, nine studies
report upstaging from N0 to N+ after re-evaluation
of the specimens in up to 31%. All studies reporting
relatively high upstaging rates between 5%-31%,
however, show poor harvest results after the initial
dissection step with mean numbers between 3 and
10 lymph nodes. In studies with adequate or high
primary lymph node counts upstaging occurs almost
exclusively in single cases.

Influence of advanced dissection techniques on staging

Eleven studies published between 1999 and 2015
which compared the result of advanced techniques
like fat clearing or methylene blue injection with
conventional manual dissection were selected
to investigate the influence of these techniques
[16,138-147]
on staging (Table 8)
. Only three of these
[141,145,146]
studies
report significant higher node
positivity rates in the study groups compared to the
control groups. Despite acceptable or even excellent
lymph node yields the rates of node involvement was
considerable low in the control groups of these studies.
The study groups showed results comparable to the
values achieved by standard technique as shown in
the section above. This indicates that the reported
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differences might by caused more by the especially
low metastatic rates in the control arms than by the
effect of the advanced technique. A study performed
by the authors group including more than 1300 cases
revealed no differences regarding the local metastatic
[16]
rate .

CHANGES OF LYMPH NODE HARVEST
OVER TIME
Several studies report an improvement concerning the
lymph node yields over time with increasing mean/
median lymph node numbers per case and increasing
rates of adequately staged cases. Twelve studies
were identified investigating the development from
[9,15,17,95,119,120,126,148-151]
the 50ies to present
. An increase
in evaluated lymph nodes per case is shown in all
these investigations. However, only three report an
associated increase of the lymph node positivity rate.
Analyzing data from 750 patients with pT3 colorectal
[149]
cancers from the SEER database Goldstein et al
found an almost continuous increase concerning the
mean lymph node count from 3.3 in the 1950ies to
19.4 in 1990ies. Reaching a mean count of 8.4 lymph
nodes the metastases rate increased relatively abruptly
from rates ≤ 35% to 38%-53%. A rate of 70%
found in the latest investigation period is very likely
a statistical outlier. In 2002 Goldstein published an
analysis of an enlarged group from the SEER database
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Table 7 Upstaging rates after re-evaluation
First author

Year

n

Scott
Haboubi

1989
1992

103
41

6.2
6.7

12.4
58.2

Cohen

1994

41

13

17

Koren
Brown

1997
2005

30
15

2.6
20.8

8.6
89.6

Kim
Richter
Vogel
Märkl
Märkl
Fan

2007
2007
2008
2008
2008
2010

48
188
80
30
30
115

19.4
n.m.
6.9
17
35
9.1

Hernanz
Chapman
Chen

2010
2012
2014

50
94
83

Ma

2014

55

Mean LN Mean LN
before
after

Upstaging
N0/N+

Location

Technique

Comment

CR
CR

Fat clearing
Fat clearing

1

CR

Xylene

5yFU available
Based on HE;
higher up-staging with ICH1
Upstaging in 1 single case;
primary N-stage (N0/1) not given;
%tage N+ not given1

Yes
Yes

31%

CR
CR

Fat clearing
ESMT

43
n.m.
11.3
25
40
14.2

No
Yes
Yes
Yes
No
Yes

/
min 4%
2%
3%
/
5%-10%1

CR
CR
CR
C
C
CR

ESMT
Fat clearing
Fat clearing
Fat clearing
Fat clearing
Re-evaluation

13.9
22.5
7.2

23.9
29
14.1

Yes
Yes
No

4%1

CR
CR
CR

9.8

18.4

Yes1

Fat clearing
Schwartz-clearing
Re-evaluation:
partly Fat clearing
GEWF

Yes
Yes

Up-rate
8.6%
28%1

?1

1

1

/
1

CR

1 of 7; however unclear wether it was a
LN metastasis or a deposit1
Initinal insuff rate 59; after 9
Primarily conventional technique
Primarily methylen technique
Insuff Rate 79%; Up Staging rate not
exactly calculatable
based on own calculation
1 single case upstaged1

Upstaging in cases with primary
insufficient LNY; 3 cases N0 to N+1

1

See comment in the same row. CR: Colorectal; C: Colon; ESMT: Entire submission of mesenteric tissue; GEWF: Glacial acetic acid, ethanol, distilled water,
formaldehyde; LN: Lymph node.

Table 8 Results of advanced pathological lymph node dissection techniques in colorectal cancers
First author

Year

n

Mean/median
LN-Conv

Mean/median
LN-Spec

N+ Konv
30.2%
31%
36.9%
56.3%
42%

37.5%
46%
32.4%
37.5%
41%

76.9%
81%
65.8%
100%
80%

84.5%
85%
62.8%
100%
79%

38.9%
9.4%1
37%
28%
34%1,2
44%

48%
26.7%1
37%
47.9%
40%1,2
36%

80.9%
82%
65%
91.6%
NA
81%

72%
81%
63%
84.9%
NA
71%

Ratto
Newell
Kukreja
Törnroos
van Steenbergen

1999
2001
2009
2009
2010

801
67
701
32
170

11.4%
6.8%
12.8%
22%
11%

29.4%
10.2%
17.3%
61%
14%

Frasson
Jepsen
Märkl
Kir
Borowski
Iversen

2012
2012
2013
2014
2014
2015

473
428
1332
180
100
120

20.6%
24%
13%
21.5%
15%
9.5%

37.1%/47.6%
37%
34%
24.5%
23%
16.5%

N+ Spec

T3/4 Konv T3/4 Spec

Technique

P value
N+ rates

Fixing Technique
GEWF
Fat clearance
MB
mesent. Patent Blue
Injection
MB
MB
MB
MB
MB
GEWF

< 0.05
NS
NS
NS
ND
NS
0.040
ND
0.006
NS
NS

1

Subgroup of T1/2 cases; 2Based on the number of % Dukes C cases. LN-Conv.: Lymph node harvest of conventional dissected cases; LN–Spec: Lymph
node harvest of cases using advanced techniques; NA: No data available; GEWF: Glacial acetic acid. ethanol. distilled water. formaldehyde; MB: Methylene
blue assisted lymph node dissection; NS: Not significant; ND: No difference.

[9]

including 2427 pT3 cases . Again, the author found a
similar association. Noteworthy, despite a temporary
decrease of the lymph node yield in the 1980ies the
trend of an increasing rate of lymph node metastases
[95]
was not affected. Wong et al investigated a cohort of
total 345 patient between 1995 and 1999. They found
an inverse association between increasing numbers
of investigated lymph nodes and the percentage of
node negative cases. However, similar mean lymph
node numbers in 1995 and 1997 corresponded to
considerable differing node negative rates of 65%
and 55.4%, respectively. This indicates that random
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changes could play a major role. All other studies
including total about 250000 patients found no change
in the rate of lymph node metastases over time
although the lymph node yield could be improved
significantly.

COMPARISON OF DIFFERENTLY
PERFORMING HOSPITALS
Hospitals belong to the factors that inhere with
the lymph node harvest in colon cancers. Several
investigations addressed this issue particular with
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respect on its impact on the detection of lymph node
metastases. Nine such studies published between
[68,80,105,109,122,125,129,152,153]
2004 and 2014 were identified
.
[152]
Miller et al
evaluated the performance of low-,
medium and high volume hospitals and found
significant differences concerning the rate of poor
lymph node harvest (< 7 lymph nodes) and lymph
node positivity rates of 15.2% vs 35.6% and 42.6%,
respectively between the low volume hospitals and the
[129]
other hospital categories. Chen et al
analyzed two
branches of the same institution and found significant
differences with rates of inadequate staging in 20%
vs 75% with corresponding lymph node positivity
rates of 40.5% vs 30.6%. This was also associated
with an increased long term survival. In contrast, all
other seven studies, did not identify an association
between the number of identified lymph nodes and
the rate of stage Ⅲ cancers on the hospital level.
Despite the lacking impact on staging, an influence of
lymph node count on survival could be shown. Wong
[68]
et al
showed a favorable outcome for cases with
≥ 12 evaluated lymph nodes on the patients’ level.
Survival difference for N0 patients between differently
performing hospital despite similar rates of lymph node
[105]
positivity were reported by Wong et al .

INDICATIONS FOR THE ROLE OF
IMMUNE RESPONSE
Facing limitations of the current explanation of the
prognostic impact of lymph node count a possible
link between immune response and the number of
detected lymph nodes was proposed by a number
of authors discussing their results or commenting
[19,42,68,102,150,154]
other’s papers
. These authors suggest
changes of the lymph nodes - either enlargement
or a diminishing - that alter its detectability. The
associated differences in the number of identified
number of lymph node would display a surrogate
marker of the immune response against the tumor.
The important role of the immune system for the
patient’s prognosis is unquestionably. For instance
tumor infiltrating lymphocytes are associated with a
[155]
favorable prognosis
. The same is true for crohn[156]
like reactions in colon cancer
.
To the authors knowledge, however, there are
only a few studies published that investigated a direct
connection between parameters representing the
extent of an immune response and the numbers of
[18]
investigated lymph nodes. Recently, Kim et al
as
[102]
well as George et al
found an association between
tumor infiltration lymphocytes and the number of
[157]
retrieved lymph nodes. In 1980 Pihl et al
described
favorable outcomes in colorectal cancer cases with
germinal center- or paracortical hyperplasia in Dukes B
[158]
and C stages. Dworak
reported 1991 the incidence
of germinal center- and paracortical hyperplasia in
non-involved lymph nodes in rectal cancers. The
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author, however, did not perform a survival analysis.
An association between the occurrence of ≥ 7 lymph
nodes larger than 5 mm with the total number of
dissected lymph node and with favorable outcome was
[62]
shown by the authors group . As mentioned above
microsatellite instability is found to be associated
[14,53,64]
with lymph node harvest by a several authors
.
Moreover, it is a well-known predictor for a favorable
prognosis and immunologic factors are believed to be
[159]
the reason for that .

CONCLUSION
Lymph node harvest has a substantial impact on the
prognosis in colon cancer and has been proven in
many investigations as could be shown in this review
[7]
and also in a systematic review by Chang et al .
The number of harvested lymph nodes in colon
cancers is influenced by a number of modifiable and
unmodifiable factors. The pathologist, surgeon and
the hospital volume belong to the modifiable factors.
Age, tumor stage, location and genetic alterations of
the tumor are unchangeable. Stage migration also
known as Will-Rogers-phenomenon is believed to be
the result of understaging of stage Ⅰ/Ⅱ cases caused
by poor lymph node retrieval. If this is true surgeons
and/or pathologist would be to blame for it.
Depending on the used technique and the extent
of the operation surgeons doubtless can influence
the number of identifiable lymph nodes in colonic
specimens. Therefore, it is to assume that more
restricted excisions are prone to miss involved lymph
nodes. To the author’s knowledge, however, there is no
evidence for that. On the other hand there are some
arguments at least against a relevant frequency of its
occurrence. Complete mesocolic excision has shown
to be associated with reduced local recurrence and
superior overall and disease-free survival in stage Ⅱ
[160,161]
and Ⅲ cancers
. Nevertheless, despite improved
lymph node yields the rates of nodal positive cases
did not increase by this technique and seem therefore
unrelated to the improved outcome results. Moreover,
the reported rates of local recurrence after curatively
intended resections are low which seem not compatible
with a relevant rate of missed positive lymph during
[162]
[81]
surgical excision
. Law et al
reported a higher
incidence of recurrence in stage Ⅱ colon cancers with
inadequate lymph node harvest. Interestingly, this was
caused by a higher rate of distant metastases. The
rates of local recurrence did not differ between well
and poorly lymph node harvested cases.
On the other hand it seems obvious that path
ologist in deed have a big influence on the number of
reported lymph nodes. This can be stated based on
the author’s experience in daily practice and many
reports in the literature. The fact that pathology
assistants and young residents do a better job than
[35,37]
pathologist by spending more time and diligence
as well as the fact that the same surgeons achieve
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different results when he is collaborating with different
[67]
pathology department
are only two examples. If
pathologist missed positive lymph nodes by inadequate
dissection of the specimens in a significant number
differences regarding the lymph node positivity rates
should be determinable. However, the analysis of the
data provided in the literature shows no association
between the rate of inadequate lymph node yields
and the rate of lymph node positivity (Figure 2).
Upstaging occurs after reevaluation, however, this
is mainly restricted to cases with poor lymph node
harvests or single cases as shown above. Techniques
to improve lymph node harvest are highly effective but
[38]
not associated with higher rates of stage Ⅲ cancers .
This is remarkable. However, pathologists seem to be
highly effective in picking the relevant lymph nodes
from the correct area. In an experimental model the
authors group could show that there is 63% chance
to detect the first lymph node metastases within the
first five dissected lymph node. This increases to 86%
[163]
when analyzing the first nine lymph nodes
. The
[164]
work of Mainprize et al
point in the same direction.
These arguments raise doubts that understaging
is actually a relevant problem in the management of
colon cancer. The comparison of differently performing
hospitals as well as the analysis of the continuously
improved lymph node harvest results over time show
in the vast majority of studies no association between
the numbers of investigated lymph nodes and the rate
of lymph node positivity.
Another point is that lymph node count was shown
to be prognostic in stage Ⅲ cancers at least in a part
of studies. Stage migration in these cases is ruled out,
naturally. Based on these arguments stage migration
as reason for the well investigated prognostic impact
can be excluded in the author’s point of view. If at all
stage migration effects seem to be restricted to the
very poorly staged node negative cases. Such cases
show a prognosis similar to stage Ⅲ cancers. If false
negative diagnoses would be the reason for that
logically 100% of these cases actually had to be node
positive, which seems very unlikely.
[19,42,68,102,150,154]
In concordance with other authors
one can state that a confounder which is related to the
both lymph node harvest and to outcome has to be
searched. It seems very likely that immune response
is this confounder. A strong reaction can cause
lymphatic hyperplasia with enlargement of lymph
nodes and enhanced detectability. On the other hand
an intensive immune reaction can prevent the patient
from tumor progression. This hypothesis, however,
is not proven yet. Nevertheless, there are indications
pointing in this direction. Emerging evidence is
provided by studies addressing the impact of lymph
node reactions on survival as well as the prognostic
relevance of lymph node size and tumor infiltrating
[16,18,102,157,158]
lymphocytes
. Microsatellite instable
tumors seem to be especially immunogenic associated
with both high lymph node counts and reduce risk of
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progression. They could, therefore, serve as model
helping to understand what happens.
This is of high clinical relevance. The role of lymph
node number as reliable quality marker becomes
more and more questionable. More important a
low lymph node count is currently accepted as a
risk factor and often prompts the administration of
[165]
adjuvant chemotherapy . In many cases such poor
lymph node harvests are probably not the result of
poorly performing physicians but the expression of
an impaired immune response. With growing success
of quality initiatives these cases will escape from a
possibly necessary adjuvant therapy by forcing the 12
lymph nodes. It is therefore of crucial importance to
close the existing knowledge gaps and reconsider the
concerned recommendations.
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Abstract
Irinotecan hydrochloride is a camptothecin derivative
that exerts antitumor activity against a variety of
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tumors. SN-38 produced in the body by carboxy
lesterase is the active metabolite of irinotecan.
After irinotecan was introduced for the treatment
of metastatic colorectal cancer (CRC) at the end of
the last century, survival has improved dramatically.
Irinotecan is now combined with 5-fluorouracil, oxa
liplatin and several molecularly-targeted anticancer
drugs, resulting in the extension of overall survival to
longer than 30 mo. Severe, occasionally life-threatening
toxicity occurs sporadically, even in patients in relatively
good condition who have a low risk of chemotherapyinduced toxicity, often causing the failure of irinotecanbased chemotherapy. Clinical pharmacological studies
have revealed that such severe toxicity is related to
exposure to SN-38 and genetic polymorphisms in UDPglucuronosyltransferase 1A1 gene. The large interand intra-patient variability in systemic exposure to
SN-38 is determined not only by genetic factors but
also by physiological and environmental factors. This
review first summarizes the roles of irinotecan in
chemotherapy for metastatic CRC and then discusses
the optimal dosing of irinotecan based on the afore
mentioned factors affecting systemic exposure to
SN-38, with the ultimate goal of achieving personalized
irinotecan-based chemotherapy.

Core tip: Irinotecan is a key anticancer drug for
the treatment of metastatic colorectal cancer. By
combining irinotecan with 5-fluorouracil, oxaliplatin,
and a molecularly-targeted drug, overall survival of
longer than 30 mo has been achieved. Exposure to
SN-38, the active metabolite of irinotecan, shows
large inter- and intra-patient variability and can cause
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severe irinotecan-related toxicities. Many studies
have recommended the dose reduction of irinotecan
for patients with UDP-glucuronosyltransferase 1A1
polymorphisms and liver dysfunction. Surprisingly,
dose reduction may be required in patients with severe
renal failure, even though irinotecan is predominantly
eliminated via the liver.
Fujita K, Kubota Y, Ishida H, Sasaki Y. Irinotecan, a key
chemotherapeutic drug for metastatic colorectal cancer. World J
Gastroenterol 2015; 21(43): 12234-12248 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i43/12234.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i43.12234

INTRODUCTION
Irinotecan hydrochloride is an analogue of camp
tothecin, an extract from the Chinese tree Camptotheca
acuminate, with higher aqueous solubility than
[1]
camptothecin . Irinotecan was a pro-drug that is
metabolically activated in the body to 7-ethyl-10hydroxycamptothecin (SN-38). Irinotecan has a
broad spectrum of antitumor activity both in vitro
[2]
and in vivo and is associated with more predictable
and clinically manageable toxicity than the originally
isolated structure. After clinical trials, irinotecan became
commercially available in Japan for treatment of lung,
cervical and ovarian cancers in 1994. Irinotecan was
first approved for the treatment of metastatic colorectal
cancer (CRC) refractory to 5-fluorouracil (5-FU) in
the United States in 1996, followed by approval in
combination with 5-FU/leucovorin (LV) for the first-line
treatment of metastatic CRC. A wide variety of clinical
trials performed to date have revealed a survival
advantage of irinotecan-based regimens in patients with
metastatic CRC, making irinotecan hydrochloride one
of the key drugs for the treatment of metastatic CRC.
Recently, overall survival (OS) longer than 30 mo was
achieved in patients with metastatic CRC who received
[3]
irinotecan-based combination chemotherapy .
In early clinical development, the dose-limiting
toxicity (DLT) of irinotecan hydrochloride was found
to be severe neutropenia and delayed diarrhea.
Severe, occasionally life-threatening toxicity occurs
sporadically, even in patients with relatively good
physical condition who have a low risk of chemo
therapy-induced toxicity, who are eligible for enrollment
[4,5]
in clinical trials of anticancer drugs . Interindividual
variability in the pharmacokinetics of SN-38 resulting
from glucuronide formation is at least one of the
[6-8]
major causes of irinotecan-induced severe toxicity .
Investigators have thus focused primarily on the
polymorphic glucuronidation of SN-38 by UDP-glucu
[9]
ronosyltransferase (UGT) 1A1 , since UGT1A1 is the
enzyme primarily involved in endogenous bilirubin
glucuronidation as well as in irinotecan glucuronidation.
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Such studies have shown that genetic polymorphisms in
the UGT1A1 gene, such as UGT1A1*28 and UGT1A1*6
are associated with irinotecan-induced severe toxi
[10-13]
cities
, resulting in revision of the package inserts
in the United States, Japan, and other countries,
including a recommendation to use a lower initial
dose of irinotecan in patients with UGT1A1*28/*28,
UGT1A1*6/*6 or UGT1A1*6/*28 genotype. However,
pharmacogenetic factors other than UGT1A1, physio
logical factors, and environmental factors can also
cause the large interindividual variability in SN-38
pharmacokinetics and contribute to irinotecan-induced
toxicities. Therefore, clinical pharmacological studies
are needed to establish personalized dosing strategy
for irinotecan-based chemotherapy.
This review article first introduces the general
pharmacokinetics and pharmacodynamics of irinotecan
and then describes the development of clinical
applications of irinotecan in patients with metastatic
CRC. We next discuss the optimal dosing of irinotecan
on the basis of factors affecting systemic exposure to
irinotecan, such as pharmacogenetic factors, physio
logical factors, and environmental factors, with the
ultimate goal of achieving personalized chemotherapy.

GENERAL PHARMACOKINETICS
Irinotecan is unique among camptothecin analogs in
that it must first be converted by a carboxylesterase
[14,15]
(CES) to the active metabolite SN-38
. SN-38 is
the major metabolite believed to be responsible for
irinotecan’s biologic effects, including efficacy and
toxicity. It is subsequently detoxified, predominantly
by UGT1A1 in the liver, to form inactive SN-38
glucuronide (SN-38G). Irinotecan is also metabolized
in the liver by CYP3A4/5 to form inactive metabolites.
In addition to these drug-metabolizing enzymes,
transporters expressed in the liver are imprecated in
various aspects of SN-38 pharmacokinetics. A primary
active transport system is involved in permeation
of SN-38 across canalicular membranes in both
humans and rats, and ATP-binding cassette (ABC)
transporter, subfamily C, member 2 (ABCC2), ABC
transporter, subfamily G, number 2 (ABCG2), and ABC
transporter, subfamily B, number 1 (ABCB1) play roles
[16-18]
in mediating its biliary excretion
(http://www.
pharmgkb.org/do/serve?objId=PA2001&objCls=Pathw
ay). A portion of SN-38 produced in the liver is thought
to be transported to the systemic circulation across
sinusoidal membranes by unidentified transporter(s),
because SN-38 is detectable in plasma immediately
after injection of irinotecan in patients with cancer.
SN-38 is a substrate of the organic anion transporting
polypeptides (OATPs) 1B1 and OATP1B3, which are
[19,20]
localized on sinusoidal membranes in humans
and
[21]
participate in the uptake of SN-38 into hepatocytes .
The contribution of OATP1B1 to the hepatic uptake of
[21]
SN-38 was higher than that of OATP1B3 .
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Figure 1 Extension of overall survival and development of chemotherapy regimens in metastatic colorectal cancer. 5-FU: 5-fluorouracil; LV: Leucovorin;
FOLFIRI: Irinotecan, bolus 5-FU/LV and infusional 5-FU; FOLFOX: Oxaliplatin, bolus 5-FU/LV and infusional 5-FU; FOLFOXIRI: Irinotecan, oxaliplatin, bolus 5-FU/LV
and infusional 5-FU.

GENERAL PHARMACODYNAMICS
The finding that camptothecin induced single-strand
DNA breaks in the presence of topoisomerase Ⅰ led
to identifying this enzyme as a major target for the
[22]
antitumor effects of camptothecin . Subsequent
genetic studies with yeast and mammalian cells
revealed that the cellular effects of camptothecin can
[1]
be attributed entirely to its action on topoisomerase I .
The lactone form of camptothecin and all its analogues,
including irinotecan, appears to reversibly stabilize the
topoisomerase Ⅰ cleavable complex, resulting in singlestrand DNA breaks and inhibition of DNA religation.
DNA synthesis is thus blocked in the presence of topoi
somerase Ⅰ inhibitors, leading to irreversible inhibition
of DNA synthesis with double-strand DNA breaks.
These events induce arrest of the cell cycle in the S-G2
[23]
phase and ultimately cause cell death . Because the
cytotoxicity of topoisomerase Ⅰ inhibitors is S-G2 phase
specific, prolonged infusion times might theoretically
[14]
enhance the efficacy of irinotecan .
Many other factors can potentially affect the
pharmacodynamics of irinotecan. Tyrosyl-DNA pho
sphodiesterase 1 (TDP1) participates in the repair
of strand breaks by removing abortive topoisome
rase Ⅰ and DNA complexes. Thus, a role of TDP1 in
counteracting DNA damage induced by camptothecins
[24]
has been proposed . X-ray repair cross complementing
group 1 (XRCC1), a scaffolding protein, plays a critical
role in base excision repair pathway by bringing
together a complex of DNA repair proteins, including
[25]
poly (ADP-ribose) polymeraseⅠ . Overexpression of
[26]
XRCC1 leads to camptothecin resistance in cells . Cell
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cycle division 45-like protein (CDC45L) is responsible
for DNA replication. CDC45L was shown to be an
[27]
important determinant of camptothecin sensitivity .
Small ubiquitin-like modifier-1 (SUMO1) has been
demonstrated to compete with ubiquitin in conjugation
of a protein at the same site. As a result, sumoylation,
catalyzed by the sole E2-conjugating enzyme, UBC9,
can stabilize the protein by preventing ubiquitinproteasome-mediated degradation. Topoisomerase Ⅰ s
umoylation may inhibit ubiquitination and degradation
of this enzyme, because topoisomerase Ⅰ is modified
[28]
by SUMO1 after camptothecin treatment .

ROLES OF IRINOTECAN TO EXTEND
SURVIVAL IN PATIENTS WITH
METASTATIC CRC
Since the introduction of 5-FU for the treatment of
metastatic CRC, the survival had been gradually
extended until the end of the last century. However,
after the introduction of irinotecan and oxaliplatin,
followed by molecularly-targeted anticancer agents
such as bevacizumab, cetuximab, and panitumumab,
a dramatic extension of survival has been achieved
(Figure 1). We introduce the roles of irinotecan in the
extension of survival in patients with metastatic CRC
below (Figure 1 and Table 1).

Monotherapy

The most popular schedules of irinotecan treatment
are 30- or 90-min intravenous infusions of 125 mg/
2
2
m given weekly for 4 of every 6 wk or 350 mg/m

12236

November 21, 2015|Volume 21|Issue 43|

Fujita K et al . Irinotecan and metastatic colorectal cancer
Table 1 Representative phase Ⅲ clinical trials evaluating first-line chemotherapies in patients with metastatic colorectal cancer
Trials (primary
endpoint)
0038 (PFS)
V303 (RR)
(PFS)
V308 (2nd PFS)1
GONO (RR)
NO16966 (PFS)
CRYSTAL (PFS)
PRIME (PFS)
FIRE-3 (PFS)
TRIBE (PFS)

Regimens

Overall survival
(OS) (mo)

P value

Progression-free
survival (PFS) (mo)

P value

Response rate
(RR)

5-FU/LV
IFL
5-FU/LV
FOLFIRI
5-FU/LV
FOLFOX
FOLFIRI→FOLFOX6
FOLFOX6→FOLFIRI
FOLFIRI
FOLFOXIRI
FOLFOX/CapeOX
FOLFOX/CapeOX + Bev
FOLFIRI
FOLFIRI + Cet
FOLFOX
FOLFOX + Pan
FOLFIRI + Bev
FOLFIRI + Cet
FOLFIRI + Bev
FOLFOXIRI + Bev

12.6
14.8
14.1
17.4
14.7
16.2
21.5
20.6
16.7
22.6
19.9
21.3
18.6
19.9
19.7
23.9
25.0
28.7
25.8
31.0

0.040

4.3
7.0
4.4
6.7
6.2
9.0
8.5
8.0
6.9
9.8
8.0
9.4
8.0
8.9
8.0
9.6
10.3
10.0
9.7
12.1

0.004

21%
39%
22%
35%
22.3%
50.7%
56%
54%
41%
66%
49%
47%
38.7%
46.9%
48%
55%
58%
62%
53.1%
65.1%

0.031
0.120
0.990
0.032
0.077
0.310
0.072
0.017
0.054

< 0.001
< 0.001
0.260
0.001
0.002
0.048
0.020
0.550
0.003

P value

Ref.

< 0.001

[33]

< 0.005

[34]

< 0.001

[35]

> 0.05

[39]

< 0.001

[40]

0.310

[45]

0.004

[42]

0.068

[46]

0.180

[44]

0.006

[3]

1

Second PFS for FOLFIRI followed by FOLFOX6 and FOLFOX6 followed by FOLFIRI was 14.2 and 10.9 mo, respectively. Anticancer drugs; Bev:
Bevacizumab; Cet: Cetuximab; 5-FU: 5-fluorouracil; LV: Leucovorin; Pan: Panitumumab: Regimens; CapeOX: Capecitabin and oxaliplatin; IFL: Irinotecan
and bolus 5-FU/LV; FOLFIRI: Irinotecan, bolus 5-FU/LV and infusional 5-FU; FOLFOX: Oxaliplatin, bolus 5-FU/LV and infusional 5-FU; FOLFOXIRI:
Irinotecan, oxaliplatin, bolus 5-FU/LV and infusional 5-FU.

given every 3 wk. The weekly-times-4 schedule is
more popular in North America, and the every-3-wk
schedule was developed predominantly in Europe. On
2
the other hand, regimens of 100 mg/m every week
2
or 150 mg/m every other week have been frequently
used in Japan. In comparative clinical studies, none
of these regimens was shown to be superior in terms
[14,29]
of antitumor efficacy
. Remarkably, the dose
intensity of all applied dosage regimens of irinotecan is
2
approximately 100 mg/m per week, which suggests
that response does not depend on the specific
treatment schedule. Phase Ⅱ studies consistently
obtained response rates (RR) of 10%-35% with singleagent irinotecan in metastatic CRC, independently
of the administration schedule. There was also no
apparent difference in the median remission duration
or median survival time between different treatment
[30]
schedules .
Treatment with irinotecan given by intravenous
2
infusion at a dose of 300 to 350 mg/m every 3
wk was compared with best supportive care in a
randomized phase Ⅲ study in patients with metastatic
CRC refractory to previous treatment with 5-FUbased chemotherapy. The 1-year survival rate was
significantly higher in the irinotecan-treated group
[31]
(36%) than in the control group (14%) . Another
randomized phase Ⅲ study comparing irinotecan
with three different continuous intravenous infusion
schedules of 5-FU in patients with previously treated
metastatic CRC demonstrated a survival advantage
of irinotecan over 5-FU, regardless of the treatment
[32]
schedule used .

WJG|www.wjgnet.com

Combination therapy

5-FU combinations: Based on the results of phase I/
Ⅱ studies showing that irinotecan combined with 5-FU/
LV was active in patients with CRC, two randomized
phase Ⅲ studies were performed to compare irinotecan
plus 5-FU/LV with 5-FU/LV alone as first-line treatment
[33]
for metastatic CRC. Saltz et al
showed that a
2
weekly-times-4 regimen of 125 mg/m irinotecan and
2
20 mg/m LV, followed by an intravenous bolus of 500
2
mg/m 5-FU (IFL) yielded a significantly longer OS than
conventional low-dose 5-FU/LV (Table 1). Douillard et
[34]
al
investigated the efficacy of an intravenous bolus
2
2
of 5-FU (400 mg/m )/LV (200 mg/m on days 1 and
2
2) plus continuous 5-FU infusion (600 mg/m for 22 h
on days 1 and 2), the so-called LV5FU2 regimen, with
2
or without intravenous irinotecan infusion (180 mg/m
for 90 min) as first-line treatment for metastatic CRC.
Irinotecan combined with infusional 5-FU (FOLFIRI) was
well tolerated and increased the RR and prolonged the
time to progression and OS (Table 1). The treatment
schedules used in both studies were approved by
the FDA as first-line chemotherapy for patients with
metastatic CRC. However, because of the higher
[33]
toxicity associated with the IFL regimen , it has not
been further used in the clinical practice.
In addition to irinotecan, oxaliplatin combined
with infusional 5-FU has also extended OS in patients
with metastatic CRC. A phase Ⅲ study has shown
that LV5FU2 combined with oxaliplatin (FOLFOX4)
is beneficial as first-line therapy in metastatic CRC,
prolonging progression-free survival (PFS), but not OS
(Table 1), with acceptable tolerability and maintenance
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[35]

of quality of life . To simplify the treatment procedure
and improve the quality of life of patients, a simplified
LV5FU2 regimen has been combined with irinotecan
(FOLFIRI) and with oxaliplatin (FOLFOX6) and
[36-38]
evaluated as second-line therapy
. One phase
Ⅲ study compared two sequences of FOLFIRI and
FOLFOX6, i.e., first-line FOLFIRI followed by second[39]
line FOLFOX6, and the reverse order . Previously
untreated patients were randomly assigned to receive
2
2
a 2-h infusion of 200 mg/m LV or 400 mg/m dL LV
2
followed by a 400 mg/m bolus of 5-FU and 2400 to
2
3000 mg/m of 5-FU as a 46-h infusion every 2 wk,
2
2
either with 180 mg/m irinotecan or with 100 mg/m
oxaliplatin as a 2-h infusion on day 1. On disease
progression, irinotecan was replaced by oxaliplatin, or
oxaliplatin was replaced by irinotecan. Median OS was
almost equivalent in both arms (Table 1). The primary
end point of the second PFS in each arm was 14.2 mo
and 10.9 mo, respectively.
The Gruppo Oncologico Nord Ovest conducted a
phase Ⅲ study comparing 5-FU, LV, oxaliplatin, and
2
irinotecan [FOLFOXIRI (165 mg/m irinotecan, 85
2
2
mg/m oxaliplatin, 200 mg/m LV on day 1, and 3200
2
mg/m , 5-FU as a 48-h continuous infusion starting
on day 1, every 2 wk)] with infusional 5-FU, LV,
and irinotecan (FOLFIRI) as first-line treatment for
[40]
metastatic CRC . The FOLFOXIRI regimen improved
RR, PFS, and OS compared with FOLFIRI (Table 1),
with an increased but manageable toxicity in patients
with metastatic CRC with favorable prognostic
characteristics.
Molecularly targeted-drug combinations:
Currently, two promising classes of molecularlytargeted compounds have been introduced for the
clinical management of metastatic CRC: epidermal
growth factor receptor (EGFR) antagonists and
[41]
angiogenesis inhibitors . For example, cetuximab, a
monoclonal antibody against the extracellular binding
domain of EGFR, has single-agent activity against
CRC, and augments the effects of irinotecan-based
chemotherapy. In the CRYSTAL trial, the efficacy
of cetuximab plus FOLFIRI as first-line treatment
for metastatic CRC and associations between the
mutation status of the KRAS gene in tumors and the
[42]
clinical response to cetuximab were investigated .
The hazard ratio for PFS in the cetuximab-FOLFIRI
group as compared with the FOLFIRI group was 0.85.
There was no significant difference in OS between
the two treatment groups (HR = 0.93). There was a
significant interaction between treatment group and
KRAS mutation status for tumor response, but not for
PFS or OS. The hazard ratio for PFS among patients
with wild-type-KRAS tumors was 0.68, in favor of
the cetuximab-FOLFIRI group. These results indicate
that first-line treatment with cetuximab plus FOLFIRI
reduced the risk of progression of metastatic CRC as
compared with FOLFIRI alone, although the benefit of
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cetuximab was limited to patients with KRAS wild-type
tumors.
The addition of bevacizumab to irinotecan also led
to a statistically significant increase in the RR and a 4.7
mo prolongation of median OS (20.3 mo vs 15.6 mo
[43]
for IFL and placebo, respectively) . The addition of
cetuximab or bevacizumab to FOLFIRI was compared
in a phase Ⅲ study (FIRE-3 trial) in patients with
KRAS (exon 2) codon 12/13 wild-type metastatic
[44]
CRC . Although median PFS was almost equal in
both cetuximab and bevacizumab groups (HR = 1.06),
median OS in the cetuximab group was significantly
longer than that in the bevacizumab group (HR = 0.77)
(Table 1). The association with longer OS suggests that
FOLFIRI plus cetuximab might be the preferred firstline regimen for patients with KRAS exon 2 wild-type
metastatic CRC.
In the case of oxaliplatin, the addition of beva
cizumab to first-line FOLFOX4 significantly improved
PFS, but not OS and RR in patients with metastatic
[45]
CRC (Table 1) . Panitumumab, a fully humanized
anti-EGFR monoclonal antibody, has been approved
as monotherapy for patients with chemotherapy[46]
refractory metastatic CRC because it improved PFS .
The efficacy and safety of panitumumab plus FOLFOX4
(panitumumab-FOLFOX4) were compared with those
of FOLFOX4 alone as initial treatment for metastatic
[47]
CRC in the PRIME study . In the patients with wildtype KRAS, panitumumab-FOLFOX4 significantly
improved PFS compared with FOLFOX4 (Table 1).
A non-significant increase in OS was observed for
panitumumab-FOLFOX4 vs FOLFOX4 (Table 1). In the
patients with mutant KRAS, PFS and OS were reduced
in the panitumumab-FOLFOX4 group vs the FOLFOX4
group. This study demonstrated that panitumumabFOLFOX4 was well tolerated and significantly improved
PFS in patients with wild-type KRAS tumors and
emphasized the importance of KRAS testing for
patients with metastatic CRC.
[3]
In a randomized phase Ⅲ study (TRIBE) , the
median PFS was 12.1 mo in patients with metastatic
CRC who received first-line FOLFOXIRI plus bevaci
zumab, as compared with 9.7 mo in those who
received FOLFIRI plus bevacizumab group (HR = 0.75).
OS in the FOLFIRI plus bevacizumab group was slightly
but not significantly longer (31.0 mo vs 25.8 mo;
HR for death = 0.79). FOLFOXIRI plus bevacizumab
improved outcome in patients with metastatic CRC to
achieve the OS of longer than 30 mo.

IRINOTECAN OPTIMAL DOSE FOR
PERSONALIZED CHEMOTHERAPY
Factors influencing systemic exposure

Even after a specific dose is determined for a specific
patient population on the bases of the results of
clinical trials, this does not necessarily mean that the
determined dose will be the optimal dose for each
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Table 2 Factors affecting SN-38 exposure and dosage recommendation of irinotecan summarized in this review
Factors
Pharmacogenetic factors
UGT1A1*6 and *28

SLCO1B1*15
Physiological factors
Age (elderly patients)
Body size (obesity)
Organ dysfunctions
Liver
Kidney
Gender
Environmental factors
Medication (drug-drug interactions)
Life style
Smoking

Exposure to SN-38

Irinotecan-induced toxicity

AUC ↑

Severe neutropenia (diarrhea)↑

AUC ↑

Severe neutropenia↑

Comparable to younger
Similar in BSA-based
and flat-fixed dosing

Comparable to younger
Similar in BSA-based and flat-fixed
dosing

AUC ↑
AUC ↑
Lower in female?

Dosage recommendation

Ref.

Need to be reduced
[10-13,53,54,59,60]
(prescription information
in the US and Japan etc.)
No recommendation exists
[62-64,67]
(need to be reduced?)
No need to be modified
No need to be modified
(flat-fixed dosing)

[82,87-89]
[48,54,68]

Severe neutropenia (diarrhea)↑
Need to be reduced
[95-97]
Mild to moderate, but prolonged
Probably need to be
[101,103]
neutropenia
reduced
Severe hematologic toxicity in female? No recommendation exists [8,65,88,112,113]

No data available

Polypharmacy-related toxicity

No recommendation exists

[114]

AUC ↓

Lower toxicity

No recommendation exists

[115]

AUC: Area under the plasma concentration-time curve.

individual patient. The dose determined for a specific
population will often be suboptimal for most patients.
The large inter-patient and intra-patient variability in
systemic exposure to a given drug is a limiting factor
in determining the optimal dose, because of nontumor-related differences in pharmacokinetics among
individuals. These differences include pharmacogenetic
factors, physiological factors and environmental
factors (Table 2). In the case of irinotecan, the relation
between systemic exposure to SN-38 and irinotecaninduced severe toxicity has received special attention,
because toxicity often necessitates a decrease in
planned dose intensity, resulting in the incomplete
success of irinotecan treatment.

Irinotecan pharmacogenetics

UGT1A1: Interindividual variability in the clearance
of irinotecan is reported to be approximately 30%,
[48]
whereas that of SN-38 is much higher (about 80%) .
Variability in SN-38 pharmacokinetics resulting from
glucuronide formation is at least one of the major
[7,8]
causes of irinotecan-induced severe toxicity .
UGT1A1 is the enzyme primarily responsible for
endogenous bilirubin glucuronidation as well as SN-38
[9]
glucuronidation . Decreased bilirubin glucuronidation
capacity of UGT1A1 is evident in patients with Gilbert’
s syndrome, for which the genetic basis has been
elucidated. Gilbert’s syndrome is most commonly
related to homozygotes of the seven repeat of TA
allele (UGT1A1*28) in the proximal promoter region
[49]
of UGT1A1 , causing decreased gene expression
[50]
of UGT1A1 . In addition to this promoter-region
polymorphism, missense polymorphisms in exon
1 and in the shared exons 2 to 5 have been found.
Of particular relevance to East Asian populations,
including Japanese, is a mutation in exon 1 (211G>A,
[51]
G71R), referred to as UGT1A1*6 . Homozygotes
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for this mutation might have decreased catalytic
[52]
activity by 60% . Many clinical studies have linked
UGT1A1*28 and UGT1A1*6 genotypes to irinotecan[10-13,53]
induced toxicity, especially severe neutropenia
(Table 2). Frequencies of high-risk patients were
[53,54]
nearly 10% in whites (UGT1A1*28/*28)
as well
as Japanese (UGT1A1*28/*28, UGT1A1*6/*6, and
[55]
UGT1A1*6/*28) .
[56]
Stewart et al
have demonstrated that severe
toxicities such as grade 3 and 4 neutropenia and
diarrhea did not increase in pediatric patients with
the UGT1A1*28/*28 genotype when irinotecan was
given according to a low-dose protracted schedule,
although such patients tended to have higher area
under the plasma concentration-time curve (AUC)
of SN-38 and lower SN-38G to SN-38 AUC ratios. A
meta-analysis has revealed that the risk of toxicity
increased in an irinotecan dose-dependent fashion in
patients with the UGT1A1*28/*28 genotype, but not
in patients with the UGT1A1*1/*1 or UGT1A1*1/*28
[57]
genotype , probably because the glucuronidation
of SN-38 by UGT1A1 might be saturated in patients
harboring two genetic variations, i.e., UGT1A1*6/*6,
UGT1A1*28, or UGT1A1*6/*28, when higher doses of
[58]
irinotecan were given . Subsequent dose escalation
studies have demonstrated a higher recommended
dose of irinotecan in white cancer patients with
UGT1A1*1/*1 and UGT1A1*1/*28 than in those with
[54,59,60]
UGT1A1*28/*28
. These results indicate that
the UGT1A1*28 genotype can be used to individualize
dosing of irinotecan (Table 2).
Transporters: In addition to drug metabolism, kinetic
processes relevant to irinotecan disposition are highly
depending on the interplay with drug transport in
organs such as the liver. In this context, an area of
investigation that remains relatively poorly explored
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and understood in connection with irinotecan includes
hepatocellular uptake transporters such as OATP1B1
[19-21]
and OATP1B3
, and active transport systems
involved in permeation of SN-38 across canalicular
[16-18]
membranes, including ABCC2 and ABCG2
. The
International Transporter Consortium presented two
polymorphisms for which there is compelling evidence
supporting their clinical relevance: SLCO1B1 (521T>C,
V174A, rs4149056) and ABCG2 (421C>A, Q141K,
[61]
rs2231142) . Given this important finding, we first
summarize the relevance of these two polymorphisms
in SLCO1B1 and ABCG2 to pharmacokinetics and
clinical outcomes of irinotecan.
Life-threatening toxicities and higher exposure
to SN-38 were observed in a Japanese patient
with cancer harboring both UGT1A1*6/*28 and
[62]
SLOC1B1*15/*15 . SLCO1B1*15 haplotype consists
of G allele at 388A>G and C allele at 521T>C. Sign
ificantly higher exposure to SN-38 was observed
[63]
in Asian cancer patients with SLCO1B1*15 . In a
phase Ⅱ study of chemotherapy with irinotecan and
cisplatin in Korean patients with non-small cell lung
[64]
cancer , the 521TC or CC and -11187AA genotypes
were associated with increased AUC of SN-38. Patients
with SLCO1B1*15 showed significantly higher AUC
of SN-38 than those harboring haplotypes without
521T>C. Grade 4 neutropenia was associated
with the 521TC or CC genotypes, whereas grade
3 diarrhea was associated with 388GG genotype.
However, in a comprehensive pharmacogenetics
analysis of irinotecan-induced neutropenia and phar
[65]
macokinetics , there was no apparent relation
between SLCO1B1 521T>C and the pharmacokinetics
of SN-38 or irinotecan-induced toxicities. Negative
results were also observed in a study performed by
[66]
De Mattia et al . Possible reasons for the discordant
results include heterogeneous subjects enrolled in
these studies and design of studies, i.e., patients
were prospectively enrolled, and the pharmacogenetic
analyses were performed retrospectively. In a recent
prospective study in patients with advanced cancer
who received irinotecan-based regimens, SLCO1B1
521T>C allele was found to be significantly associated
[67]
with increased SN-38 exposure . However, because
exposure to SN-38 was evaluated on the basis of the
plasma concentration obtained immediately after the
90-min infusion of irinotecan, the relation between
the SLCO1B1 521T>C allele and the AUC or clearance
of SN-38, which have been proposed to be related to
[1]
clinical outcome of irinotecan treatment , was unclear.
Available evidence thus suggest that the SLCO1B1
521T>C and the related haplotype are involved in
SN-38 disposition and predictive marker for severe
toxicity of irinotecan (Table 2), although further
prospective studies are needed to draw definitive
conclusion.
As for the polymorphism ABCG2 421C>A, no
positive association with increased exposure to
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SN-38 or with severe irinotecan-related toxicities was
[65,66,68-70]
observed
.
[71]
Since SN-38 is a substrate of ABCC2, de Jong et al
explored associations of ABCC2 polymorphisms and
haplotypes with irinotecan disposition and diarrhea. The
haplotype ABCC2*2 was found to be associated with
lower irinotecan clearance and with a reduced incidence
of severe diarrhea, probably because of reduced
[72]
hepatobiliary secretion of irinotecan. Han et al
and
[73]
Fujita et al also found that specific polymorphisms in
ABCC2 can influence disposition or tumor responses to
irinotecan by regulating transporter activity.
Other drug-metabolizing enzymes: Previous in
vitro experiments revealed that CES2 is associated
with a high-affinity and high-velocity to catalyze
[74]
irinotecan hydrolysis to form SN-38 . However, CES2
expression is high in the intestine and kidney, but low
in the liver, whereas CES1 is abundantly expressed in
[75]
the liver . Although minor genetic variations in CES2
[76]
found in Japanese were functionally deficient , and
some of them were associated with lower irinotecan
[76,77]
metabolism in vitro and in vivo
, major CES2
haplotypes (*1b and *1c) did not affect irinotecan
[77]
pharmacokinetics . Interestingly, a gene-dose effect
of functional CES1A genes on SN-38 formation was
observed in irinotecan-treated Japanese patients with
[78]
cancer , probably because CES1 is expressed at
higher levels in the liver, a major organ for activating
of irinotecan, although metabolic intrinsic clearance of
[74]
CES1 is much lower than that of CES2 .
Because genetic diversity is observed in the
[79]
genes encoding CYP3A4 and CYP3A5 , it has been
suggested that genotyping for variants in these genes
may be useful for predicting the pharmacokinetic
profiles of irinotecan. However, multiple studies have
demonstrated that this approach does not lead to
significant correlations of CYP3A polymorphisms with
[80]
irinotecan pharmacokinetics or clinical outcomes . This
failure to demonstrate clinically meaningful correlations
may be due to the low allele frequency of most
CYP3A variant genotypes or may reflect the relatively
lower impact of these variants on enzyme activity
[79]
in vivo . CYP3A4 activity is determined not only
by genetic variants, but also by complex regulations
at the transcriptional and posttranscriptional levels,
physiological factors, and environmental interactions.
The role of CYP3A4 and CYP3A5 genotyping in
improving treatment with irinotecan remains doubtful.

Physiological factors affecting irinotecan exposure

Age (elderly patients): The elderly population
has been increasing in recent years because of the
prolongation of average life expectancy. The longer
the average life expectancy becomes, the higher is
the incidence of cancer. Consequently, the number of
elderly patients with cancer is increasing. Although
many cancers arise in elderly individuals, elderly
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patients have been underrepresented in clinical trials
[81]
designed to establish new anticancer treatment ,
leading to inadequate data to support evidence-based
[82]
decisions with respect to chemotherapy . Older cancer
patients show considerable heterogeneity in their
handling of drugs as a result of age-related changes in
body composition, including decreased muscle mass,
increased adipose tissue, and decreased liver and renal
functions. Aging is accompanied by an about 30%
decrease in liver volume and an about 40% decrease
[83]
in hepatic blood flow . Thus, the clearance of drugs
with a high hepatic elimination rate, which is limited
[84,85]
by blood flow, might decrease in the elderly
.
Age-related decreases in the functions of some drugmetabolizing enzymes have also been identified, but
[83,86]
their clinical significance remains uncertain
.
Pharmacokinetic variables such as the maximum
concentration and AUC of irinotecan, SN-38, and SN38G in patients 65 years or older were comparable
to the respective values in younger patients (within
[82,87]
3% of difference)
. A phase Ⅱ trial was per
formed to evaluate the antitumor activity and
toxicity of irinotecan in patients with metastatic CRC
that had recurred or progressed after 5-FU-based
[88]
chemotherapy . This trial included patients 65
years or older. Elderly patients were twice as likely
to develop grade 3 or 4 diarrhea as compared with
younger patients when all courses of therapy were
evaluated, suggesting that older patients are more
sensitive to irinotecan-induced diarrhea than younger
patients. However, older age did not significantly
predict a higher incidence of first-course diarrhea. In
[88]
addition, RRs do not depend on age . On the basis
[82,87]
of these findings Lichtman et al
concluded that
currently available evidence does not support a specific
dose modification of irinotecan in elderly patients. A
systematic review also concluded that pharmacokinetic
and clinical data suggest that fit elderly patients may
tolerate irinotecan as well as younger population. RR
and survival achieved in elderly patients who receive
irinotecan-based combination chemotherapy appear to
be equivalent to those obtained in younger patients.
For the subgroup of fit elderly patients, irinotecan
[89]
may be used similarly to younger patients
(Table
2). However, a reduced starting dose of irinotecan has
been recommended for patients older than 70 years
who have received prior pelvic irradiation or have a
[29,32]
poor performance status
.
Body size (obesity): According to the World Health
Organization, worldwide obesity has nearly doubled
since 1980 and now represents the fifth leading risk
factor for global mortality, involved in the deaths of
at least 2.8 million adults per each year (http://www.
who.int/mediacentre/factsheets/fs311/en/). The
proportion of the overweight population is projected to
increase over the coming years in many industrialized
countries, making obesity a major public health
[90]
issue .
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Considerable lines of evidence suggest that the
dose intensity of chemotherapy in overweight and
obese patients with cancer in actual clinical practice is
[91]
often lower than the recommended dose intensity ;
nevertheless, retrospective and prospective clinical
data have indicated an association of dose intensity
with both clinical efficacy and toxicity. Because of
the variability and uncertainty about the appropriate
dose regimens of chemotherapy in obese patients,
the American Society of Clinical Oncology has issued
clinical practice guidelines for appropriate chemo
[92]
therapy dosing in obese adults with cancer .
The guidelines recommend that after considering
any comorbidities chemotherapy dosing should be
calculated on the basis of body surface area (BSA)
using actual weight, rather than an estimate or
[92]
idealization of weight .
[48]
However, Mathijssen et al
have advocated for
many years that BSA is not significantly related to the
marked differences among patients in exposure to
SN-38. Dosing based on BSA did not reduce clearance
[93]
variability , as compared with an unadjusted
dose. Patients who received a flat-fixed irinotecan
dose of 600 mg did not show greater interindividual
pharmacokinetic variability than a control group who
2[68]
received the registered dose of 350 mg/m . Because
toxicity also did not significantly differ, it was concluded
that flat-fixed dosing could safely be used to supplant
the BSA-based dosing strategy of irinotecan. A recent
[54]
study by Innocenti et al
also demonstrated that
with flat dosing of irinotecan BSA was not a significant
predictor of the absolute neutrophil count nadir, a
measure of irinotecan-induced myelosuppression.
Collectively, flat dosing of irinotecan might be recom
mended (Table 2). Despite these observations, many
prescribers and regulators maintain the erroneous
belief that a patient with a larger BSA will always require
[94]
a higher dose to induce the same drug effects .
Therefore, it is unfortunately unlikely that this strategy
will be globally abandoned any time soon.
Organ dysfunction: Liver failure - since irinotecan
and its metabolites are extensively eliminated via
the liver, impaired liver function should be critical to
the disposition of irinotecan as well as to the clinical
outcomes of irinotecan-based chemotherapy.
In a phase Ⅰ study, irinotecan was administered
by an every-3-wk schedule to patients with varying
[95]
degrees of liver dysfunction . High bilirubin and
alkaline phosphatase levels were associated with
an exponentially decreased clearance of irinotecan.
Drug toxicity was correlated with the serum bilirubin
concentration. Patients who had total bilirubin levels
less than 1.5 times the upper limit of normal (ULN)
2
tolerated full-dose therapy (350 mg/m every 3 wk).
The maximum tolerated dose for patients who had
total bilirubin levels 1.5 to 3.0 times the ULN was 200
2
mg/m every 3 wk. Three patients with bilirubin levels
higher than 3.0 times the ULN received one cycle of
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2

irinotecan at a dose of 100 mg/m . Although none of
three patients had DLT, 2 patients had rapid hepatic
tumor progression associated with exacerbation
of liver dysfunction and worsening of performance
status. Therefore, no dosing recommendations could
be made for such patients. The most common DLTs in
patients with hyperbilirubinemia were grade 4 febrile
neutropenia and diarrhea. A separate phase Ⅰ study
confirmed that irinotecan dose reductions are required
[96]
in patients with liver impairment . Twelve patients
with hyperbilirubinemia (median serum bilirubin, 2.1
mg/dL) were given irinotecan according to an every3-wk schedule. Three of five patients had DLT at a
2
dose of 145 mg/m , while none of seven patients
2
had DLT at a dose of 115 mg/m . Two of the DLTs
were neutropenia, and one was exacerbation of liver
function. The recommended starting doses and the
pharmacokinetics of irinotecan in a weekly schedule
were also examined in patients with solid tumors who
had impaired liver function, evaluated on the basis of
the baseline serum total bilirubin level, and aspartate
[97]
aminotransferase and alanine aminotransferase .
Irinotecan was given as a 90-min intravenous
infusion weekly for the first 4 wk of each 6-wk cycle
2
at starting doses ranging from 40 to 75 mg/m .
Hepatic dysfunction reduced irinotecan clearance
while increasing relative exposure to SN-38. SN-38
exposures in patients who received doses of 40 to
2
75 mg/m irinotecan were comparable to the level
of exposure in patients with normal liver function
2
who received a starting dose of 125 mg/m . The
administered starting doses of irinotecan seemed
to be safe for patients with hepatic impairment who
received irinotecan according to a weekly schedule.
At these starting doses, exposure to SN-38 and the
adverse event profile are similar to those in patients
with normal liver function, and antitumor activity can
be expected. These results indicate that patients with
impaired liver function should be received a reduced
dose of irinotecan because of increased exposure to
SN-38 and an increased risk of irinotecan-induced
toxicity (Table 2).
Impaired renal function - Even in cancer patients
with severe renal failure, chemotherapeutic agents
are given when patient’s life expectancy is most
likely to be determined by malignancy, not by
renal dysfunction. Such patients are typically given
anticancer drugs that are predominantly metabolized
in the liver or eliminated into bile (or both), instead of
drugs that are mainly excreted renally. Irinotecan is
therefore administered to cancer patients with severe
renal dysfunction, because it is extensively subjected
to hepatic metabolism and excreted into bile. Urinary
excretion of SN-38 accounts for less than 1% of the
[98-100]
total administered dose of irinotecan
.
In a prospective clinical pharmacological study of
irinotecan performed by us, the plasma concentration
of SN-38, but not irinotecan or SN-38G, was sign
ificantly higher in patients with severe renal failure
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who had a creatinine clearance (CLcr) of less than 20
mL/min and received hemodialysis than in patients
without renal failure (terminal elimination rate
-1
-1 [101]
constant, 0.0084 h vs 0.081 h )
, even though
irinotecan is predominantly eliminated by the liver via
glucuronidation and biliary excretion. The mean AUC
of SN-38 calculated from 0 to 24 h in the patients
with severe renal failure was 1.7-fold greater than
that in the patients without renal failure (1.31 μmol/
[101]
L·h vs 0.77 μmol/L·h)
. It should be pointed out
that all patients with severe renal failure had mild or
moderate but prolonged neutropenia even though
they were receiving dialysis. The second course of
irinotecan was delayed according to the prolonged
[101]
neutropenia
. Because SN-38 concentrations
have been reported to be still detectable even 500
h after administration of irinotecan in patients with
[102]
normal renal function , a long period of exposure to
relatively high concentrations of SN-38 was postulated
to be one of the causes for the prolonged neutropenia
in such patients. A previous study has demonstrated
that patients with slower CLcr (35-66 mL/min) had
a four-fold higher risk of grade 3 or 4 neutropenia,
although the pharmacokinetics of irinotecan and its
metabolites did not differ from those in patients with
[103]
normal kidney function
. Increased plasma SN-38
concentrations were found only in patients with severe
renal failure associated with a CLcr of less than 20
[101]
mL/min in our studies . These findings suggest that
irinotecan is not necessarily safe in cancer patients
with renal failure, even though this anticancer drug is
predominantly eliminated via the liver (Table 2).
We have previously investigated potential me
chanism(s) for delayed SN-38 elimination and
found that SN-38 uptake by human hepatocytes
was significantly inhibited by a mixture of organic
anion uremic toxins 3-carboxy-4-methyl-5-propyl2-furanpropionate (CMPF), indoxyl sulfate, hippuric
acid, and indole acetate], when the concentrations of
[21]
these toxins were clinically relevant . CMPF directly
inhibited the uptake of SN-38 by human hepatocytes
and most potently decreased SN-38 uptake mediated
by cDNA-expressed OATP1B1 among the uremic toxins
tested. Furthermore, of SLCO1B1 and SLCO1B3 gene
expression in hepatocytes was significantly downregulated by treatment with human uremic plasma.
The inhibition of OATP1B1-mediated SN-38 uptake by
uremic toxins and the down-regulation of SLCO1B1
gene expression may thus at least partly contribute
to the mechanisms responsible for the delayed SN-38
elimination in patients with severe renal dysfunction.
Because no differences in the pharmacokinetics of
irinotecan or SN-38G were found between patients
with and those without severe renal failure, changes
in CES or UGT1A1 activity appear unlikely, although
further studies are needed.
To determine whether these findings in patients
with severe renal failure are generally applicable,
we have to examine whether similar findings are
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obtained for other drugs that are predominantly
taken up into liver by OATP1B1. Repaglinide is a
nonrenally eliminated drug, which is a substrate of
OATP transporter. Therefore, repaglinide metabolism
in the liver may be limited by the uptake process
[104,105]
of this transporter
. The AUC of repaglinide in
patients with severe renal failure was approximately
3-fold greater than that in patients with normal renal
[106]
function
. A physiologically-based pharmacokinetic
[107]
(PBPK) model analysis by Zhao et al
has shown
that an approximately 52% reduction in the OATP1B1mediated hepatic uptake of repaglinide was required
in a virtual population of patients with severe renal
impairment to obtain an AUC value comparable to
[106]
that observed in humans
. Our results and the
[107]
findings of Zhao et al
indicate that the increased
pharmacokinetic profile of drugs that are pre
dominantly subjected to OATP1B1-mediated uptake
into the liver in patients with severe renal failure is
caused by reduced uptake capacity of OATP1B1. If the
reduction in hepatic uptake by the direct inhibition of
OATP1B1 activity with uremic toxins or by suppression
of SLCO1B gene expression (or by both) could be
quantitatively predicted, PBPK models could potentially
be used to calculate appropriate doses for cancer
patients with severe renal failure that would produce
AUCs similar to those obtained in patients with normal
kidney function.
Confirmation of these results may lead to the
development of a new concepts for establishing
evidence-based treatment strategies for irinotecan
as well as other anticancer drugs that are substrates
of OATP1B in cancer patients with severe renal
dysfunction.
Gender: Because female-predominant expression of
CYP3A4 is caused by RXRα-mediated sex-dependent
[108]
effects of growth hormone on CYP3A expression
,
the more rapid clearance of various drugs in women
as compared with men has been reported. AUC
ratios of inactive metabolites to irinotecan, an in vivo
parameter for CYP3A4 activity, were significantly
[109]
higher in females than in males
. Although, sexrelated differences in UGT activity are relatively
small and are confined to several UGTs, including
[110]
UGT2B15
, systemic exposure to SN-38 was pre
dicted by sex and hepatic function in a population
[111]
pharmacokinetic analysis
. A previous study has
also demonstrated that both the maximum plasma
concentration and the AUC of irinotecan and SN-38
[112]
are lower in women , suggesting gender-dependent
irinotecan pharmacokinetics (higher clearance in
female). Although early studies indicated no significant
[8,88]
association of gender with grade 3 or 4 toxicities
,
more recent findings suggest that female gender
is an independent predictor of severe hematologic
[65,113]
toxicity induced by irinotecan
. However, further
confirmation is necessary.
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Environmental factors

Multiple concomitant medications were significantly
associated with severe irinotecan-related toxicity
[114]
in patients given monotherapy or FOLFIRI
. The
incidence of severe irinotecan-related toxicities
increased in parallel to the number of concomitant
medications. Thus, polypharmacy should be effec
tively managed to decrease the risk of adverse
drug reactions in patients with cancer who receive
irinotecan-based chemotherapy.
Smoking significantly lowers both the exposure
to irinotecan and SN-38, and treatment-induced
neutropenia, indicating a potential risk of treatment
[115]
failure
. Modulation of CYP3A and UGT1A1 by
ingredients in smoking may partly cause these
phenomena, although the underlying mechanism
remains poorly understood.

CONCLUSION
This review discusses the contribution of irinotecan
to chemotherapy for metastatic CRC and the optimal
dosing to achieve the personalized chemotherapy.
Irinotecan became a key anticancer drug because it
prolonged OS. By combining irinotecan with 5-FU,
oxaliplatin and molecularly-targeted drug, OS longer
than 30 mo has been achieved. Exposure to SN-38,
an active metabolite of irinotecan, is characterized by
large inter- and intra-patient variability and can cause
irinotecan-related severe toxicities. A large number
of studies have recommended the dose reduction of
irinotecan for patients with UGT1A1 polymorphisms
and liver dysfunction. Studies by us suggest that
the dose of irinotecan should be reduced in patients
with severe renal failure, even though irinotecan is
predominantly eliminated via the liver.
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Abstract
Disseminated carcinomatosis of the bone marrow is
characterized by widespread bone metastasis (bone
marrow infiltration) from solid tumors with hematological
disorders coexisted. This disease is frequently com
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plicated with gastric cancer among solid tumors
although its incidence is very rare. In recent years,
technological innovations in diagnosis and treatment
for cancer have remarkably improved, which made
survival rates of various cancers prolonged. Prognosis
of disseminated carcinomatosis of the bone marrow
associated with gastric cancer, however, is still poor (less
than a year), possibly because this disease has not been
given attention due to low incidence. In this review,
I summarize the results obtained for the past, and
propose ways to improve the prognosis of this disease.
Key words: Disseminated carcinomatosis of the bone
marrow; Gastric cancer; Patogenesis; Diagnosis; Treatment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Disseminated carcinomatosis of the bone
marrow is characterized by widespread bone meta
stasis from solid tumors with hematological disorders
coexisted. This disease is frequently complicated
with gastric cancer among solid tumors although its
incidence is very rare. Technological innovations in
diagnosis and treatment for cancer have remarkably
improved in recent years, however, prognosis of this
disease associated with gastric cancer remains still
very poor. In this review, I summarize the results
obtained for the past, and propose ways to improve the
prognosis of this disease associated with gastric cancer.
Iguchi H. Recent aspects for disseminated carcinomatosis of
the bone marrow associated with gastric cancer: What has been
done for the past, and what will be needed in future? World J
Gastroenterol 2015; 21(43): 12249-12260 Available from: URL:
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12249

November 21, 2015|Volume 21|Issue 43|

Iguchi H. Disseminated carcinomatosis of the bone marrow associated with GC

INTRODUCTION
Disseminated carcinomatosis of the bone marrow is
characterized by widespread bone metastasis (i.e.,
bone marrow infiltration) from solid tumors and is
associated with hematological abnormalities such
as disseminated intravascular coagulation (DIC)
and microangiopathic hemolytic anemia (MAHA).
Although this disease is regarded as a subtype of
bone metastasis, its true nature remains unclear; it is
thought to be a clinical entity that may differ from bone
metastasis of solid tumors. This disease is frequently
[1]
complicated with gastric cancer among solid tumors .
Its incidence seems rare, however, there has been no
report about the incidence of this disease until now.
[2]
Yamamura et al reported that bone metastasis was
observed in 31 (1.4%) out of 2235 cases with gastric
cancer who underwent curative surgery. Disseminated
carcinomatosis of the bone marrow occupies only a
small part of bone metastasis, therefore, the incidence
of this disease seems quite rare although the details
are still unclear. Besides some case reports, a few
studies have reported disseminated carcinomatosis of
the bone marrow associated with gastric cancer, but
no large-scale surveys have been performed; thus,
the pathogenesis of this disease remains unknown.
Recent technological innovations in cancer diagnosis
and treatment have improved survival rates overall.
However, this has not been the case for disseminated
carcinomatosis of the bone marrow associated with
gastric cancer. Therefore, to improve prognosis,
further research on the pathogenesis, diagnosis, and
treatment is urgently needed.
Here, we review the results obtained since the
concept of disseminated carcinomatosis of the bone
marrow associated with gastric cancer was proposed
approximately 30 years ago. In addition, we discuss
ways to improve the prognosis of this disease.

MOLECULAR MECHANISM
Bone metastasis develops through the following
processes: (1) cancer cells break away from the
primary lesion and enter the bloodstream; (2) these
cells survive and multiply in the bone marrow cavity;
(3) the differentiation and activation of osteoclasts
occur; and (4) the cancer cells proliferate in the bone
[3,4]
microenvironment (Figure 1) . The main component
of these processes is the osteoclasts, as they resorb
the bone following differentiation and activation by
cancer cells that have infiltrated the bone marrow,
thereby securing a space where the cancer cells
can proliferate. Various growth factors stored in the
bone matrix are subsequently released into the bone
marrow cavity, promoting cancer cell proliferation.
Unlike hematopoietic tumors, solid tumors, regard
less of whether they are primary or metastatic tumors,
generally exhibit nodularity. In contrast, disseminated
carcinomatosis of the bone marrow characteristically
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exhibits mainly bone marrow infiltration with little
tumorigenicity, although this disease is a kind of bone
metastasis from solid tumors. Thus, the mode of
metastasis in this disease is extremely unique among
solid tumors. Disseminated carcinomatosis of the
bone marrow is frequently complicated with gastric
[1]
cancer . However, its molecular mechanism remains
unknown. Some aspects of this disease differ from the
more common bone metastases of solid tumors and
are of considerable interest. Two important questions
arise: (1) why does gastric cancer, which usually has
a low incidence of bone metastasis, rapidly and widely
infiltrate the bone marrow (i.e., bone tropism)? and
(2) why does the explosive proliferation of gastric
cancer cells, which results in the inhibition of normal
hematopoiesis, occur?
The association between bone tropism and a
chemokine (CXCR4, SDF-1) and/or integrins (α4b1,
αvb3) have been suggested in breast and/or prostate
[5-8]
cancers
. However, such a relationship has been
demonstrated only in experimental models; the
pathogenesis associated with bone tropism has not
been clarified in cancer patients. Unlike breast and
prostate cancers, gastric cancer is known to have
a low incidence of bone metastasis. However, in
disseminated carcinomatosis of the bone marrow
associated with gastric cancer, gastric cancer cells
rapidly infiltrate the bone marrow. Therefore, this
disease seems ideal for studying the mechanism of
bone tropism in cancer cells. The future development
of in vivo models that reflect the pathogenesis of
disseminated carcinomatosis of the bone marrow
associated with gastric cancer will be very useful for
clarifying the pathogenesis of bone tropism.
Regarding the mechanism of gastric cancer
cell proliferation in the bone marrow, osteoclasts
are considered to play a central role in supplying
growth factors from the bone matrix. Their explo
sive proliferation, which may suppress normal
hematopoiesis, is thought to be due to a unique
mechanism that differs from that of bone metastases
from solid tumors. We previously demonstrated
RANKL expression in gastric cancer cells through
immunostaining by using a tissue preparation from
disseminated carcinomatosis of the bone marrow
[9]
associated with gastric cancer (Figure 2) . This finding
suggests the gastric cancer cells that infiltrate the
bone marrow are directly involved in the differentiation
and activation of osteoclasts and may result in the
increased proliferation of gastric cancer cells in the
bone marrow. In clinical practice, serum levels of
bone resorption markers are elevated in patients with
disseminated carcinomatosis of the bone marrow
[10-12]
associated with gastric cancer
, suggesting the
involvement of osteoclasts in the pathogenesis of
this disease (Table 1). In bone metastases from solid
tumors, infiltrated cancer cells in the bone marrow
produce cytokines (e.g., PTHrP, IL-8, PGE2, etc.),
thereby promoting osteoclast differentiation and
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Figure 1 Molecular mechanism of osteolytic bone metastasis.
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Figure 2 RANKL expression in disseminated carcinomatosis of the bone marrow associated with gastric cancer. Representative immunohistochemistry for
RANKL in gastric cancer demonstrating disseminated carcinomatosis of the bone marrow. A: Hematoxylin and eosin staining of gastric cancer shows moderately
differentiated adenocarcinoma (magnification × 20); B: Immunohistochemistry for RANKL in a serial section of the same specimen in (A). RANKL shows positive
staining predominantly in the cytoplasm and plasma membrane of moderately differentiated adenocarcinoma cells (magnification × 20); C: Hematoxylin and eosin
staining of a bone marrow aspiration smear shows infiltration of atypical epithelial cells, indicating metastasis from known gastric cancer (magnification × 20); D:
Immunohistochemistry for RANKL in a serial section of the same specimen in (C). RANKL shows positive staining predominantly in the cytoplasm and plasma
membrane of metastatic gastric cancer cells as is seen in the primary lesion (B) (magnification × 20). Adapted from Kusumoto et al[9].
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Table 1 Levels of serum and/or urinary bone metabolic markers in patients with disseminated carcinomatosis of the bone marrow
associated with gastric cancer
Bone resorption markers

Bone formation markers

2

Age Sex 1CTP (4.5 mg/mL) NTx (urine) (< 89 nmol/L DPD (urine) (< 7.6 nmol/L
2
2
BCE/mmol/L Cre)
BCE/mmol/L Cre)
Case report
Takeda et al[10]
Hasuda et al[11]
Mizuno et al[12]
Our cases1
1
2
3
4
5
6
7
8
9
10
11
12

BAP (< 20.9
2
μg/L)

OC (< 13.0 ng/
2
mL)

87
39
44

F
M
M

19.5
-

14800
-

59
59

929
-

32
37

60
47
74
54
58
47
58
78
67
71
53
70

M
F
F
M
M
F
M
F
F
M
F
M

8.9
17.7
8.0
9.7
6.7
13.2
26.5
6.7
14.4
9.9
-

> 300
> 300
175
> 300
235
20

-

258
1260
78
55
96
275
159
429
63
421
468
62

-

1

Our 12 cases have not been published; 2Values in the parentheses indicate the normal range. 1CTP: C-terminal telopeptide of type Ⅰ collagen; NTx:
N-terminal crosslinking telopeptide of type Ⅰ collagen; DPD: Deoxypyridinoline; BAP: Bone-specific alkaline phosphatase; OC: Osteocalcin.

[13-15]

activation
. In disseminated carcinomatosis of the
bone marrow associated with gastric cancer, osteoclast
differentiation and activation are also conceivably
caused by cytokines secreted by gastric cancer cells.
This common mechanism together with the direct
action on osteoclasts through RANKL expressed in
the gastric cancer cells may be associated with rapid
proliferation.
Although the gastric cancer cells of disseminated
carcinomatosis of the bone marrow proliferate rapidly
in the bone marrow, they have little tumorigenicity.
Histological types of the gastric cancer cells that
cause this disease are mostly poorly differentiated
[16]
adenocarcinoma or signet-ring cell carcinoma . In
these types of cancer cells, expression levels of adhesion
[17,18]
molecules have been shown to be reduced
.
Although these observations may explain the poor
tumorigenicity, the precise mechanism remains to be
clarified.
Disseminated carcinomatosis of the bone marrow
associated with gastric cancer can occur over a long
period ranging from several months to > 20 years
even after patients have received curative resection
[19,20]
of early gastric cancer
. Therefore, the molecular
mechanism responsible for such metachronous onset
of this disease warrants attention; this information
is important for formulating a postoperative followup strategy for patients. The concept of disseminated
tumor cells (DTCs) was recently introduced to explain
[21]
cancer metastasis (Figure 3) . The cancer cells
are proposed to form a niche in the bone marrow
and remain in a dormant state for a certain period
until activated by an unknown trigger to form a new
metastatic lesion. This mechanism might explain why
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disseminated carcinomatosis of the bone marrow
occurs many years after curative resection of early
[22]
gastric cancer. Lu et al
showed that osteoclasts are
involved in the reactivation of the cancer cell niche
in the bone marrow, and bisphosphonates, which
inhibit the differentiation and activation of osteoclasts,
inhibit this reactivation of DTCs and exhibit anticancer
activities (Figure 4). Bisphosphonates are widely used
to treat bone metastasis in clinical practice. If they
are proven to also inhibit DTC activation, this will lead
to a new therapeutic strategy for the prevention of
metastasis.

DIAGNOSIS
Characteristics features of disseminated carcinomatosis
of the bone marrow associated with gastric cancer

With regard to disseminated carcinomatosis of the
bone marrow associated with gastric cancer, no
comprehensive articles have been published thus far,
only a limited number of case reports. Therefore, we
investigated the clinical characteristics of this disease
in 28 cases reported in Japan during the period of
[10,11,19,20,23-42]
2003-2013
.
Sex and age (mean ± SD; described for 28 cases):
Male (n = 18): 54.4 ± 12.0 years (range: 33-78
years); Female (n = 10): 64.5 ± 11.8 years (range:
47-87 years); There were more male than female
patients, and their age tended to be younger than that
with gastric cancer.
Chief complaints (i.e., reasons for seeking medical
attention, described for 27 cases): Pain (n = 19),
hemorrhagic symptoms (n = 6), and elevation of
serum ALP (n = 5) are frequently observed in order.
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Figure 3 Association of disseminated tumor cells in the bone marrow with cancer metastasis. DTCs: Disseminated tumor cells; CTCs: Circulating tumor cells;
CEPs: Circulating endothelial progenitors; MMP: Matrix metalloproteinase; BM: Bone marrow; BMDCs: BM-derived cells; EMT: Epithelial-mesenchymal transition.
Adapted from Aft et al[21].

Laboratory examination (described for 27 cases):
Among hematological abnormalities, DIC was the
most frequent (n = 23), followed by anemia (n =
22). Patients with anemia included MAHA and anemia
caused by gastrointestinal hemorrhage associated with
DIC. Only 4 cases refer to leukoerythroblastosis, which
was found in 3 of them.
Biochemical tests showed marked elevation of ALP
in all patients [4305 ± 3443 IU/L (mean ± SD), range:
739-12600 IU/L]. Mild-to-moderate elevation of LDH
was also observed in most patients (706 ± 654 IU/L,
mean ± SD, range: 141-2337 IU/L).
Time of onset (described for 28 cases): Disse
minated carcinomatosis of the bone marrow was
diagnosed synchronously with gastric cancer in 11
patients, and metachronously after gastric cancer
surgery in 17 patients; in the latter group, the mean
time (mean ± SD) until diagnosis was 7.2 ± 6.7 years
(range: 18 d to 23 years). The disease was observed
also in patients who had received curative resection for
early gastric cancers.
Macroscopic type (described for 16 cases): Among
16 cases, 10 and 6 were advanced and early gastric
cancer, respectively. Regarding the macroscopic
types of advanced cancer, 8 cases had type 2 or 3,
and 2 cases had type 4 according to the Borrmann
[43]
classification ; there were no type 1 cases. Regarding
the 6 cases of early gastric cancer, all were of type 0-
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Ⅱ according to the classification of early gastric cancer
[43]

established by the Japanese Endoscopic Society .
Histological type (described for 26 cases): The
histological types of most cases were poorly differ
entiated adenocarcinoma (n = 13) and signet-ring cell
carcinoma (n = 12); tubular adenocarcinoma (tub)
was found in only 1 case.

Imaging diagnosis

If serum ALP and/or LDH levels are elevated in
patients complaining of low back pain and/or hemor
rhagic symptoms, disseminated carcinomatosis of
the bone marrow should be suspected. In order to
confirm the diagnosis, imaging tests such as computed
tomography (CT), magnetic resonance imaging
(MRI), and positron emission tomography (PET or
PET/CT) should be performed first. Among these,
PET/CT can detect not only primary lesions but also
early bone lesions (i.e., bone marrow infiltration);
therefore, it should be performed as the preferred
initial imaging test. I recommend that every patient,
who is suspected of disseminated carcinomatosis
of the bone marrow, should have at least a PET/CT.
Primary lesions of gastric cancer appear as tumor
masses in the stomach and/or stomach wall thickening
18
with F-deoxyglucose accumulation on PET/CT (Figure
5). When these findings are observed, histological
diagnosis by upper gastrointestinal tract endoscopy
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Figure 4 Reactivation of disseminated tumor cells in the bone marrow: Transition from dormant micrometastasis (i.e., DTCs) to micrometastasis. Incidental
activation of VCAM-1, a process possibly dependent on NF-κB signaling and other unidentified mechanisms (1), in micrometastasis arrests α4b1-positive osteoclast
progenitors through paracrine chemotaxis (2) and adhesion (3), this leads to a localized increase of te osteoclast progenitor population and increased mature
osteoclast activity (4), activated osteoclasts resorb the bone and instigate the vicious cycle of bone metastasis (5). DTCs: Disseminated tumor cells. Adapted from Lu
et al[22].

should be performed. If primary lesions are not
detected during screening, upper gastrointestinal tract
endoscopy should be performed at the first instance,
because gastric cancer is the most frequently observed
cancer complicated with bone marrow carcinomatosis.
Furthermore, a history of gastric cancer should always
be acknowledged, because this disease can occur
many years after gastric cancer surgery (Figure 6).

Treatment of gastric cancer (chemotherapy)

TREATMENT
Although the survival time of patients with disse
minated carcinomatosis of the bone marrow associated
with gastric cancer was 2-3 mo at the time when
its concept was proposed, it has improved to some
degree because of recent progress in gastric cancer
chemotherapy. However, this improvement has been
limited, and a survival time of a few years has not
been attained; thus, the prognosis for this disease
remains extremely poor. The following categories are
important for treatment of this disease: (1) treatment
of hematological abnormalities, especially DIC; (2)
treatment of gastric cancer (chemotherapy); and (3)
treatment of bone lesions [with bone-modifying agents
(BMAs)]. We retrospectively analyzed the treatment
methods of 28 cases of disseminated carcinomatosis
of the bone marrow associated with gastric cancer
reported in Japan during the period of 2003-2013.

Treatment of DIC

If a patient is diagnosed with DIC, treatment should be
started promptly, because this affects prognosis. DIC
coexisted in 22 of the 28 patients. Twenty-one of them
received DIC treatment (gabexate mesilate + heparin)
concomitantly with gastric cancer chemotherapy, and
19 fully recovered. Moreover, thrombomodulin, which
was recently developed for DIC treatment, is superior
to conventional treatment (i.e., heparin) for improving
hemorrhagic symptoms and avoiding hemorrhage[44]
related adverse events . At present, thrombomodulin
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is primarily used for the treatment of DIC, but its
efficacy against DIC coexisting with disseminated
carcinomatosis of the bone marrow associated with
gastric cancer is unknown. Thrombomodulin may
increase the recovery rates of DIC patients and thereby
improve the treatment outcome of disseminated
carcinomatosis of the bone marrow associated with
gastric cancer.

Disseminated carcinomatosis of the bone marrow
associated with gastric cancer is a rare disease, and its
survival time is extremely short. There have been no
prospective studies of the treatment for this disease to
date. In 1980s, chemotherapy for gastric cancer was
rarely administered because its options were limited
and hematological disorders such as DIC and/or MAHA
coexisted.
It was not until the 1990s that aggressive treatment
with chemotherapy for this disease was started by
[45]
Kobayashi et al . In 1992, they reported that among
10 patients with disseminated carcinomatosis of the
bone marrow associated with gastric cancer complicated
with DIC treated with methotrexate and 5-fluorouracil
[45]
(MF therapy), 8 successively recovered from DIC . MF
[46]
therapy was devised by Bertino et al as a biochemical
modulation therapy. In Japan, its efficacy against
[47]
gastric cancer was reported in 1989 . Because the
myelosuppression of MF therapy is mild and it showed
efficacy against poorly differentiated types of gastric
cancer, it was the preferred chemotherapy for this
disease in the 1990s. In the 2000s, the efficacy of
new chemotherapeutic anticancer drugs such as S-1,
CDDP, CPT-11, and PTX against gastric cancer was
[48-50]
reported
. Furthermore, in Japan, on the basis of the
results of the clinical trials (JCOG 9912 and SPIRITS),
S-1 monotherapy and/or S-1 + CDDP therapy became
[49,50]
standard therapies for gastric cancer
. Since then,
S-1-based chemotherapies have primarily been used to
treat disseminated carcinomatosis of the bone marrow
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Figure 5 A case of synchronous disseminated carcinomatosis of the bone marrow associated with gastric cancer in a 60-year-old man: Findings of
positron emission tomography/computed tomography imaging, endoscopic examination, and bone marrow biopsy. History: The patient visited a local
doctor in August 2007 with complaints of left chest and back pain. CT and magnetic resonance imaging revealed a “lung tumor” and “bone metastasis (thoracic
vertebrae)”; therefore, the patient was referred to the Shikoku Cancer Center. Laboratory findings: Marked elevation of serum ALP (2594 U/L), CRP (34.74 mg/dL),
and mild elevation of serum LDH (342 U/L) were observed with hematological disorder (DIC and elevated WBC [possible leukoerythroblastosis]). Tumor marker
(CA19-9 162 U/mL) and bone metabolic markers (1CTP 8.9 ng/mL; BAP 258 μg/L) were elevated. These findings were suggestive of recurrence of gastric cancer,
perhaps disseminated carcinomatosis of the bone marrow. PET/CT imaging: FDG accumulation was observed in all spinal vertebrae and the sternum in the sagittal
view of the PET/CT fusion image (A). In the transaxial views of CT and PET/CT fusion images, a tumor mass with FDG accumulation was observed in the right lung
(arrowheads; B, C) and thickening of the wall with FDG accumulation was observed in the gastric antrum (arrowheads; D, E). These findings on PET/CT suggested
the presence of lung cancer together with gastric cancer. Endoscopic examination: Multiple erosions were observed in the gastric antrum/pyloric ring (F). In the tissue
specimen obtained from the erosions, proliferation of signet-ring cell carcinoma was observed (G). Bone marrow biopsy: In order to determine the origin of the bone
lesions, bone marrow biopsy was performed. Signet-ring cell carcinoma characterized by clear abundant cytoplasm and eccentrically positioned nuclei was found
in the hematopoietic bone marrow (H). This histologic finding suggests the bone lesions originated from the gastric cancer. PET: Positron emission tomography; CT:
Computed tomography.
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PET/CT
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Figure 6 A case of metachronous disseminated carcinomatosis of the
bone marrow associated with gastric cancer in a 47-year-old woman:
Laboratory findings and positron emission tomography/computed
tomography imaging. History: The patient underwent gastric cancer surgery
at 36 years of age (histological diagnosis, poorly differentiated adenocarcinoma
< signet-ring cell carcinoma), followed by chemotherapy with oral 5-FU
(postoperative adjuvant therapy) for 3 years. Eleven years postoperatively, she
visited a local orthopedist with a complaint of low back pain. Elevated serum
ALP and multiple bone metastases were found on bone scintigraphy, and
she was referred to the Shikoku Cancer Center. Laboratory findings: Marked
elevation of serum ALP (11740 IU/L) and mild elevation of serum LDH (435
IU/L) were observed with hematological disorders (i.e., DIC and anemia: Hb 6.9
g/dL). Tumor markers (CEA 241 ng/mL; CA19-9 212 U/mL) and bone metabolic
markers (1CTP 17.7 ng/mL; Urine NTx > 300 nmol BCE/L; BAP 1260 μg/L)
were elevated. These findings were suggestive of recurrence of the gastric
cancer in the bone (i.e., disseminated carcinomatosis of the bone marrow).
PET/CT imaging: Osteolytic changes with FDG accumulation were observed in
most vertebrae. A, B: Sagittal views of CT (A) and PET/CT fusion images (B);
C, D: Transaxial views of the sacrum (S1) on CT (C; arrowheads, osteolytic
change) and PET/CT fusion image (D). PET: Positron emission tomography;
CT: Computed tomography.
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associated with gastric cancer.
In recent years, a number of different treatments
have been used to treat disseminated carcinomatosis
of the bone marrow associated with gastric cancer.
During the period of 2003-2013, 28 cases of this
[10,11,19,20,23-42]
disease were reported in Japan
. The
chemotherapy regimens (i.e., initial treatments) used
in most of these cases involved MF therapy (n = 9)
and S-1-based monotherapy or combination therapies
(n = 14). Other chemotherapies used included GEM +
CDDP, 5-FU + PTX, and 5-FU + CDDP (n = 1 each).
One case was not treated with chemotherapy. Whether
or not recovery from DIC is attained affects the
prognosis of this disease. DIC-associated complications
occurred in 22 of 28 patients; 21 of them were treated
with DIC therapy (gabexate mesilate + heparin) and
chemotherapy (MF therapy, n = 7; S-1-based therapy,
n = 12; others, n = 2). Nineteen patients recovered
from DIC. The survival time with respect to the initial
treatments (although this may have been affected by
the secondary treatment performed against recurrent
DIC) was examined for cases for which these data
were recorded. The mean ± SD survival times of the
MF (n = 7) and S-1-based (n = 11) therapy groups
were 5.1 ± 3.1 and 8.1 ± 2.7 mo, respectively (Figure
7); survival time tended to be longer in the S-1-based
therapy group (log-rank test, P = 0.11). Kikuchi et
[51]
al
also reported a tendency for longer survival time
with S-1-based therapy (n = 9) than MF therapy (n
= 21), although the data used spanned the period
between 1983 and 2009 when chemotherapy was not
frequently administered.
Chemotherapy in addition to treatment for DIC is
recommended for this disease to ensure recovery from
DIC and prolonged survival. The S-1-based regimen
is mainly used for gastric cancer in Japan; however,
[52]
Ferrand et al
reported a case with this disease
responsive to mFOLFOX6. Regimens effective for this
disease should also be investigated in a prospective
study.

Treatment of bone lesions

Osteoclasts play an important role in the development
of bone metastasis. The underlying, highly elaborate
mechanism can be summarized as follows: the
osteoclasts activated by cancer cells resorb the bone
(bone destruction), securing a space for cancer
cells to proliferate; concomitantly, various growth
factors stored in the bone matrix are released into
the bone marrow to facilitate cancer cells growth and
[3,4]
propagation .
Disseminated carcinomatosis of the bone marrow
differs from bone metastasis of solid tumors in that
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Figure 7 Kaplan-Meier survival curves of disseminated carcinomatosis
of the bone marrow associated with gastric cancer according to
chemotherapy regimen. Among 28 cases of disseminated carcinomatosis
of the bone marrow associated with gastric cancer reported in Japan during
2003-2013, 27 cases were treated with chemotherapy. In these 27 cases,
information about survival time was available for 18 cases. Using these data,
Kaplan-Meier survival curves were calculated according to the chemotherapy
regimen.

the cancer cells infiltrate the bone marrow but exhibit
little tumorigenicity, characteristic clinical features are
observed, and hematological abnormalities coexist.
Although the mechanism for the development of
disseminated carcinomatosis of the bone marrow
is unknown, the disease is considered a subtype of
bone metastasis. A mechanism similar to that of
bone metastasis seems to occur during the infiltration
and proliferation of cancer cells in the bone marrow.
Marked elevation of serum ALP, which indicates
increased bone formation, has been observed in this
disease. Furthermore, bone resorption marker levels
are reported to be elevated, although they have been
measured in only a limited number of cases (Table
[10-12]
1)
. These other findings suggest increased bone
metabolic turnover in this disease; in other words, the
increased differentiation and activation of osteoclasts
lead to elevated bone resorption. This mechanism
may play an important role in the development of this
disease similar to that for bone metastasis.
BMAs are drugs that inhibit bone metastasis by
suppressing bone resorption by osteoclasts. Among
them, a bisphosphonate (zoledronate) and denosumab
have become reimbursable, and are used widely
[53]
in clinical practice . Increased bone resorption is
also considered to be involved in the development
of disseminated carcinomatosis of the bone marrow
associated with gastric cancer; therefore, it is highly
likely that BMAs are also effective for this disease.
However, prospective studies are required, because
there is currently no evidence for this.

PROBLEMS TO BE ADDRESSED
Pathogenesis

The pathogenesis of disseminated carcinomatosis of
the bone marrow associated with gastric cancer is
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postulated to be similar to the conventional mechanism
of bone metastasis. Although osteoclasts may play a
central role in this disease, few details are known. The
hematological abnormalities observed in this disease
are considered to be induced by the inhibition of
normal hematopoiesis due to explosive proliferation of
gastric cancer cells in the bone marrow; clarification
of this mechanism may contribute to treatment of the
disease. In addition, the development of in vivo animal
models will be required. We previously established a
lung cancer cell line with high PTHrP expression and
used it to create an in vivo mouse model of bone
[13]
metastasis . This helped us elucidate the role of
osteoclasts in the development of bone metastasis.
In vivo models using gastric cancer cells with poorly
differentiated adenocarcinoma and/or signet-ring cell
carcinoma are required to clarify the pathogenesis
of disseminated carcinomatosis of the bone marrow
associated with gastric cancer.
This disease often occurs sometime after surgery;
therefore, the mechanism of the metachronous
development of the disease is also a topic of interest.
The metachronous presentation of this disease may be
explained by the presence of a cancer cell niche (i.e.,
DTCs) in the bone marrow. Osteoclasts are involved
in the activation of DTCs, and bisphosphonates, which
are widely used to treat bone metastasis in clinical
practice, have been shown to inhibit the reactivation of
[21,22]
DTCs
. Therefore, it would be interesting to apply
this drug in a clinical setting.

Gastric cancer chemotherapy

The treatment outcomes of gastric cancer following
chemotherapy have improved in recent years owing
[54-56]
to the advent of molecular-targeted drugs
. On
the contrary, a standard treatment for disseminated
carcinomatosis of the bone marrow associated with
gastric cancer has not been established. Because
this disease is frequently associated with poorly
differentiated adenocarcinoma and/or signet-ring cell
carcinoma, regimens effective against these histological
types of carcinoma are preferably administered.
However, there have been no prospective studies, as
the incidence rate of this disease is low. It would be
beneficial to develop a system to record disease cases
to allow prospective studies for the development of a
treatment method specific for this disease, although
conducting randomized controlled trials may prove
difficult.

Treatment of bone lesions

Osteoclasts play a central role in the pathogenic
mechanism of bone metastasis; therefore, drugs
targeting osteoclasts (i.e., BMAs) are widely used in
clinical practice. Despite circumstantial evidence such
as the elevation of serum bone resorption markers,
which suggests the involvement of osteoclasts in
disseminated carcinomatosis of the bone marrow
associated with gastric cancer, this has not been
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verified by scientific evidence. The hematological
abnormalities of this disease are possibly triggered by
the explosive proliferation of gastric cancer cells in the
bone marrow; therefore, inhibiting this process may be
key to the treatment of this disease. The concomitant
administration of chemotherapeutic agents and BMAs
that block the supply of bone-derived growth factors
may effectively prevent the rapid proliferation of
gastric cancer cells. Thus, I recommend that BMAs
should be administered in addition to chemotherapy
especially for the patients in whom serum bone
resorption markers are elevated. However, its efficacy
will be verified in the prospective studies of gastric
cancer chemotherapy with or without BMAs.

3
4

5

6

7

Follow-up observations after gastric cancer surgery

Follow-up observations after gastric cancer surgery
generally stop at 5 years. However, metachronous
disseminated carcinomatosis of the bone marrow
associated with gastric cancer can occur beyond
5 years postoperatively (Figure 6); this has raised
questions about the optimum postoperative followup schedule. If a high-risk group of patients can
be identified, guidelines could be established to
follow this group for more than 5 years. This might
facilitate early diagnosis and treatment of this disease,
thereby improving treatment outcomes. The clinical
and pathological characteristics of disseminated
carcinomatosis of the bone marrow associated with
gastric cancer are summerized in the section of
“DIAGNOSIS”. In addition, it is necessary not only to
establish criteria to identify high-risk groups, but also
develop a detection method for DTCs or determine
biomarkers including those for circulating tumor cells.
All of these may lead to the early diagnosis of this
disease.

8

9

10

11

12

CONCLUSION
More than 30 years have elapsed since the concept of
disseminated carcinomatosis of the bone marrow was
proposed. However, this disease has not been given
much attention perhaps because of low incidence.
Therefore, prognosis has not improved much during
this time. In order to clarify the pathogenesis of this
disease and improve its prognosis, the first step
may be for researchers interested in this disease to
collaborate on a global research system to study this
disease.
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Abstract
Frequent activation of phosphatidylinositol-3 kinases
(PI3K)/Akt/mTOR signaling pathway in gastric cancer
(GC) is gaining immense popularity with identification
of mutations and/or amplifications of PIK3CA gene
or loss of function of PTEN, a tumor suppressor
protein, to name a few; both playing a crucial role in
regulating this pathway. These aberrations result in
dysregulation of this pathway eventually leading to
gastric oncogenesis, hence, there is a need for targeted
therapy for more effective anticancer treatment. Several
inhibitors are currently in either preclinical or clinical
stages for treatment of solid tumors like GC. With so
many inhibitors under development, further studies
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on predictive biomarkers are needed to measure the
specificity of any therapeutic intervention. Herein, we
review the common dysregulation of PI3K/Akt/mTOR
pathway in GC and the various types of single or dual
pathway inhibitors under development that might have
a superior role in GC treatment. We also summarize
the recent developments in identification of predictive
biomarkers and propose use of predictive biomarkers
to facilitate more personalized cancer therapy with
effective PI3K/Akt/mTOR pathway inhibition.
Key words: Epidemiology; Gastric cancer; PI3K/Akt/
mTOR pathway; Predictive biomarkers; Targeted
therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric cancer (GC) is the fifth most common
cancer in the world with highest incidence rate in
Eastern Asia and Latin America. With increase in GC
patient relapse and drug resistance, targeted therapy
is gaining immense popularity for GC treatment.
One of the pathways which has been reported to
be dysregulated is phosphatidylinositol-3 kinases
(PI3K)/Akt signaling pathway. This review focuses on
how this pathway is crucial in GC oncogenesis. We
also summarize the single or dual PI3K/Akt pathway
inhibitors under investigation for GC treatment.
Thereby, we discuss the plausible novel biomarkers
under investigation for a more tailored approach for GC
treatment.
Singh SS, Yap WN, Arfuso F, Kar S, Wang C, Cai W,
Dharmarajan AM, Sethi G, Kumar AP. Targeting the PI3K/Akt
signaling pathway in gastric carcinoma: A reality for personalized
medicine? World J Gastroenterol 2015; 21(43): 12261-12273
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i43/12261.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i43.12261

INTRODUCTION
The phosphatidylinositol-3 kinases/Akt (PI3K/Akt)
signaling pathway is activated by several cellular
stimuli regulating various physiological functions such
as cell growth, cell survival, cell cycle progression,
protein translation, and metabolism. Dysregulation
of this pathway is frequently observed in several
cancers including gastric cancer (GC). Hence, a
deeper understanding of this signaling pathway would
help target this pathway effectively using different
therapeutic approaches. In this review we will focus
on how this pathway is regulated in GC and the
current status of using PI3K/Akt/mammalian target of
rapamycin (mTOR) targeted therapy for GC treatment.
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PI3K/AKT/MTOR PATHWAY
Several members of PI3K/Akt/mTOR pathway play
a crucial role in regulating this pathway and hence,
maintaining cellular homeostasis under normal
physiological conditions. Some of these essential
components are described below.

PI3K

PI3K are a family of lipid kinases known to phos
phorylate the inositol ring of the 3-OH group in inositol
phospholipids. They are further classified into three
classes: Class Ⅰ, Ⅱ, and Ⅲ based on primary structure
[1]
and regulation . However, till date only Class Ⅰ,
assisting in tight regulation of this pathway, has been
shown to be associated with cancer. Class Ⅰ PI3K is a
heterodimeric enzyme, with a catalytic and a regulatory
subunit. The catalytic subunits for class Ⅰ PI3Ks are
p110α, p110β, p110γ, and p110δ. It is further subdivided
into class1A, encompassing p110α, p110β, and p110δ
with a p85α, p85β, and p55γ regulatory subunit, and
class1B consisting of only p110γ with p101, p84, and
p87PIKAP regulatory subunits. A typical regulatory
subunit has several protein-protein interacting
domains, one of them, the inter-SH2 domain (iSH2)
interacts with the p110 catalytic subunit, stabilizing
[2]
p110 and its activities . Reports have suggested the
p110α subunit encoded by the PIK3CA gene as being
the only catalytic subunit associated with several
[3]
cancers . p110α typically links with p85α, which
is the most highly expressed regulatory subunit.
The substrate for class1 PI3K, phosphatidylinositol4,5-biphosphate (PI-4,5-P2), generates the second
messenger phosphatidylinositol-3,4,5-triphosphate
(PI-3,4,5-P3).

Akt

Serine/threonine protein kinase Akt belongs to the
AGC [named after the protein kinase A, G, and C
families (PKA, PKC, PKG)] family of kinases. Three
highly homologous isoforms (Akt1, Akt2, and Akt2)
of Akt have been identified so far. Structurally, Akt is
mainly comprised of three domains: an N-terminal
pleckstrin homology (PH) domain, a central kinase
catalytic domain (CAT), and a C-terminal extension
(EXT) containing a regulatory hydrophobic motif (HM).
Phosphorylation of residues in both the catalytic and
C-terminal extension domain is essential for complete
activation of Akt downstream of PI3K signaling.
PDK1 selectively phosphorylates Thr (308) on the
CAT domain of Akt, while the kinases responsible for
phosphorylation of Ser (473) on the EXT domain of
[4]
Akt are still unknown . Thus, phosphorylation of both
Ser (473) and Thr (308) residues on Akt is required for
[5,6]
its complete activation . Fully activated Akt further
regulates several processes downstream, along with
positive regulation of mTOR and thereby mediating
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mTOR activation.

mTOR

The mTOR protein, a 289-kDa serine/threonine
kinase, is a master regulator of cell growth. It can
be distinguished into two distinct multi-protein
complexes; mTOR complex 1 (mTORC1) and mTOR
complex 2 (mTORC2). The mTORC1 complex is
composed of mTOR, regulatory-associated protein
of mTOR (Raptor), mammalian lethal with SEC13
protein8 (MLST8), PRAS40, and DEPTOR. It functions
downstream of Akt, integrating the Akt and mTOR
pathway with 4E-BP1 and S6K, which are immediate
downstream targets of the mTORC1complex. The
mTORC2 complex, on the other hand, is composed
of rapamycin-insensitive companion of mTOR,
MLST8 and mammalian stress-activated protein
kinase interacting protein 1. This complex functions
upstream of Akt/PKB and plays a role in complete
activation of Akt by phosphorylating Akt at the
Ser473 residue. Hence, downstream substrates of
[7]
[8,9]
the mTORC2 complex include Akt as well as PKC .
Hence, both complexes are important for effective
regulation of the Akt/mTOR dual pathway, with the
mTORC1 complex responsive towards growth factors,
nutrients, energy, or oxidative stress indirectly while
the mTORC2 complex plays an important role towards
Akt activation to assist in complete activation of the
PI3K/Akt/mTOR pathway.

ACTIVATION MECHANISM
Several receptor tyrosine kinases regulate the
activation of the PI3K/Akt/mTOR pathway upon
growth factor stimulation. Growth factors such as
Insulin growth factor (IGF), epidermal growth factor
(EGF), and Hepatocyte growth factor activate receptor
tyrosine kinases (RTKs) via autophosphorylation
on their tyrosine residues. Lipid kinases, such as
PI3K, then associate with these phosphorylated
tyrosine residues to activate the catalytic subunit
of PI3Ks. For PI3Ks of class1A, the p110α catalytic
subunit is activated upon p85α associating with
the RTKs Activated PI3Ks further phosphorylate
substrates like phosphatidylinositol 4,5-biphosphate to
phosphatidylinositol 3,4,5-triphosphate (PIP3) within
a few seconds. Secondary messengers such as PIP3
further recruit Akt to the membrane by interacting
with the PH-domain of Akt. Upon membrane tran
slocation, AKT gets activated by phosphorylation of
its Ser473 and Thr308 residues by the PDK1 and
mTORC2 complex respectively. Fully activated Akt
then regulates several cellular processes by interacting
with different substrates downstream of Akt. In
the meanwhile, PTEN, a PIP3 phosphatase, acts a
regulator of this pathway by maintaining homeostasis
for this pathway activation. Activated Akt stimulates
the mTORC1 complex by phosphorylating tuberous
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sclerosis complex2 (TSC2) and PRAS40, which are
both negative regulators of mTOR. The mTORC1
complex controls protein translation and cell growth by
phosphorylating ribosomal S6 kinase and the inhibitory
partner of the translation initiation factor 4E (4E-BP1),
[10]
which are regulators of protein synthesis . Thus,
under normal physiological conditions, Akt regulates
cellular dynamics such as cell growth, cytoskeletal
reorganization, cell cycle progression, cell survival,
cell proliferation, protein translation, and cellular
metabolism by interacting with various substrates,
which will now be discussed in more detail.

CELLULAR ROLE OF THE AKT/mTOR
PATHWAY
Cell survival and cell cycle progression

Akt acts as a central regulator of cell survival by
interacting with anti-apoptotic signals both transcrip
tionally and post translationally. Akt phosphorylates
Bad, a Bcl-2 family of anti-apoptotic proteins at
Ser-136 and Caspase-9, a protease at Ser-196,
thereby partially blocking cell death and supporting
cell survival signals. Akt also regulates anti-apoptotic
functions transcriptionally by translocating into
the nucleus and regulating the transcription of the
forkhead box O (FoxO) family of transcription factors.
The FoxO family of transcription factors regulate cell
death signals via expression of various members of
both intrinsic and extrinsic modes of apoptosis as well
as cyclin-dependent kinase inhibitors. Upon nuclear
translocation, Akt represses the transcription of FoxO1,
FoxO3, and FoxO4, thereby enhancing cell survival
[11]
signals .
Akt also plays an important role in regulating cell
cycle progression in normal cells. It either directly
phosphorylates or indirectly regulates the protein
expression levels of several molecules of cell cycle
progression at the G1/S and G2/M phase of the cell
cycle. These substrates are mentioned in Table 1.

Cellular metabolism and protein synthesis

Cellular metabolism of carbohydrates into proteins,
nucleotides, and lipids is a fundamental aspect of
cell growth and proliferation, with nutrients acting
as a fuel for cell growth. mTOR plays a crucial role
in regulating this metabolism in response to nutrient
availability. Of the two mTOR complexes, the mTORC1
complex plays a key role in regulating cellular
[12]
metabolism . It receives signals of activation from
nutrients and growth factors. For example, during
metabolism of carbohydrates, there is a spike in
insulin levels, which activates the mTORC1 complex
of the Akt/mTOR pathway via inhibition of the TSC1/2
complex by phosphorylation of TSC2 at multiple sites
[13]
to inhibit TSC1 . In this process, eventually Ras
homolog enriched in brain (Rheb), a small GTPase
belonging to the Ras family of guanine-nucleotide
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Table 1 Role of Akt in regulating cell cycle
Cell cycle regulation by Akt upon mitogen stimulation
Cell cycle phase

Direct regulation

Indirect regulation

Downstream effect

G1 → S phase

P-p21 at Thr145 residue[107]

↑ Transcription of c-MYC[108]

G2 → M phase

P-Cdc25B at Ser353[109]

S → G2 phase

P-Wee1Hu at Ser642[110]
P-Myt1 at Ser75[111]
P-Cdk2 at Thr39[112]

Increase in CyclinD expression
Decrease in cdk inhibitors: p21cip1, p21kip1, p15INK4B
Cdc-25B inactivation
Cyclin B activation
Inactivation of Wee1Hu results in G2/M cell cycle progression
Activation of Cyclin B-associated Cdk1 kinase activity
Cytoplasmic shuttling of Cdk2

binding proteins that enhances apoptotic signalling
[14]
at cellular levels , is inhibited upon TSC1 complex
inactivation. The mTORC1 complex is also stimulated
in the presence of amino acids by promoting the
conversion of Ras-related GTP-binding protein (RAG)
heterodimers (RAGA or RAGB, and RAGC or RAGD)
into their active conformation, which further assists
in mTORC1 complex cellular localization from the
cytoplasm to the surface of the lysosome where it
[15-17]
binds to inactivated RHEB
. The activated mTORC1
complex also tightly regulates pathways such as the
AMP-activated protein kinase (AMPK) pathway by
preventing its activation in the presence of a high
ATP/AMP ratio. However, in the absence of energy in
cells, AMPK gets activated by phosphorylating TSC2
at Ser1387 and Raptor from the mTORC1 complex
[18,19]
at Ser-792, resulting in mTORC1 inactivation
.
After mTORC1 activation and subsequent complete
activation of the Akt/mTOR pathway, immediate
downstream substrates of mTORC1 complex such as
S6K (ribosomal S6 kinase), 4E-BP1, and ULK1 (UNC-51
like kinase) are phosphorylated at different residues.
Interestingly, activated S6K further phosphorylates
Insulin receptor substrate-1 (IRS-1), upstream of
mTORC1. Phosphorylation of IRS-1 at serine residues
by S6 kinases prevents IRS-1 functions and thereby
[20]
PI3K activation . This negative feedback loop of
the PI3K/Akt/mTOR pathway is an important aspect
of maintaining homeostasis in cellular metabolism,
protein synthesis, and cell growth.

ONCOGENIC POTENTIAL OF PI3K/AKT/
mTOR PATHWAY IN GC
Dysregulations caused by genetic alterations of the
PI3K/Akt/mTOR pathway have been recently identified
to play a crucial role in gastric oncogenesis. GC is the
second most common cause of cancer-related death
worldwide. PIK3CA, the gene encoding the catalytic
subunit p110 of PI3K, is frequently mutated in gastric
carcinoma cell lines and tumor tissues. Some reports
identify mismatch repair deficiency as one of the
[21-23]
factors contributing towards the PIK3CA mutations
.
Another study suggested PIK3CA amplifications
contributing towards the PI3K/Akt/mTOR pathway

WJG|www.wjgnet.com

[23]

deregulation in GC . This PIK3CA amplification was
also associated with poor prognosis of GC patients.
PTEN (Phosphatase and tensin homolog), a
tumor suppressor of the PI3K/Akt/mTOR pathway
is frequently mutated or abnormally expressed in
GC, with eventual functional inactivation of this gene
product. Its inactivation is associated with increased
progression towards gastric tumorigenesis. This
inactivation is attributed to many possible mechanisms.
While PTEN gene mutations are a rare phenomenon
of PTEN inactivation, loss of heterozygosity of PTEN is
[24,25]
more common in GC
. Abnormal PTEN promoter
hypermethylation at the CpG islands also inhibits
[26]
PTEN expression in GC tissues . Post-transcriptional
repression of PTEN by microRNAs is another well
studied mechanism of PTEN repression in GC. miR21
and miR-221/222 have been identified as PTEN
targets repressing PTEN expression by complexing
[27-29]
. PTEN also undergoes postwith its 3’-UTR region
translational modifications like phosphorylation for its
regulation. A recent study indicated that increased
phosphorylation of PTEN at the Ser380 residue and
reduced expression of PTEN could contribute to PTEN
[30]
inactivation in gastric tumor tissues . Overall, PTEN
inactivation has several functional consequences that
fall in the category of hallmarks of cancer, such as
angiogenesis and evading apoptosis. PTEN has been
shown to elevate the apoptotic cascade via Fas/FasL
or cytochrome-c mediated activation of capsase-3
under normal physiological functions. Hence, with
PTEN inactivation in GC cells, bypassing apoptosis via
dysregulation of the apoptotic cascade will result in
[31,32]
“evading apoptosis”, a hallmark of cancer
. PTEN is
also known to be a negative modulator of endogenous
VEGF-mediated signaling. Thus, PTEN inactivation
is associated with increased VEGF expression, and
[33]
thereby potentiating angiogenesis in GC cells . PTEN
inactivation also results in constitutive activation of Akt,
a PKB kinase regulating cell growth, cell death, and
cell cycle. Using gastric tumor specimens, there has
been a statistically significant correlation demonstrated
between increased phosphorylation of Akt with poor
[34-36]
prognosis of GC patients
. Functionally, this
constitutive expression of phosphorylated Akt further
contributes towards hallmarks of cancer such as
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escaping cellular death pathways, cell cycle inhibition,
and promoting survival and angiogenesis. One of
the immediate downstream substrates of Akt is the
FoxO family of transcription factors, which promotes
growth inhibitory or/and pro-apoptotic signals by either
KIP1
regulating cell cycle inhibitory proteins such as p21
WAF1/CIP1
or p27
or pro-apoptotic proteins of the Bcl-2
[37,38]
family of proteins
. Activated Akt phosphorylates
FoxO and thereby inhibits transcriptional functions of
this family of proteins, resulting in increased cell survival
[37]
and proliferation . Constitutive phosphorylation of
FoxO is also correlated with increased expression
of angiogenesis-related molecules in gastric tumor
[37]
tissues . Akt also directly phosphorylates antiapoptotic proteins such as Bad at Ser-136. Thus, GCs
with increased Akt expression show elevated levels
of P-Bad at Ser136 that are sufficient to promote cell
[39]
survival . Another important substrate of Akt that
acts as an initiator of the mitochondrial apoptotic
pathway is caspase-9. Phosphorylation of capsase-9 at
Ser-196 results in its inactivation. There is a significant
correlation between constitutive phosphorylation of Akt
with caspase-9 phosphorylation in gastric tumor tissues,
[40]
although the mechanism still remains unclear . This
apoptosis resistance conferred by p-Akt also occurs by
regulating increased expression of survivin, an inhibitor
of apoptosis protein with a significant correlation
between p-Akt and survivin expression levels in gastric
[39]
tumor staging . Pro-survival signals by Akt can also
be intensified with its interaction with components of
other signaling pathways such as the NF-κB pathway.
Akt can phosphorylate NF-κB kinases such as IκB
kinase (IKKα) at Thr23, resulting in a stimulatory
phosphorylation and thereby NF-κB activation. This
further augments the expression of pro-survival signals
[41,42]
in GC cells
. Another immediate downstream target
of Akt is the mTORC1 complex, which is activated by
phosphorylation of TSC2 by Akt and subsequent TSC1/2
complex formation, which acts on RHEB (Ras homolog
enriched in brain) to further phosphorylate mTOR at
Ser2448 and thereby resulting in mTOR activation.
Therefore, low expression or mutations in TSC1 are
associated with a dysfunctional TSC1/2 complex and
[43]
constitutively activated mTOCR1 complex . Recent
studies have identified high p-mTOR expression to
be associated with poor prognosis and with some
clinicopathological characteristics in GC tumor spe
cimens both independently and in combination with low
[44,45]
TSC1 expression
. A preliminary epidemiological
study identified functional polymorphisms of mTORC1
contributing towards GC susceptibility in Eastern Chinese
[46]
population . With studies focussing on mTORC1
complex dysregulation and functional consequences,
further studies are important to understand mTORC2
dysregulations, the cause of which still remains unclear.
Immediate downstream effectors for the activated
mTORC1 complex are p70S6K and 4E-BP1. p70S6K
phosphorylation and activation, which mainly occurs in
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the cytoplasm, results in translation of 40s ribosomal
S6 protein, while phosphorylated 4E-BP1 acts as a
translational repressor. Recent studies have also shown
p70S6K and mTOR regulating each other, with p70S6K
also acting as a kinase for mTOR phosphorylation at
[47]
Ser2448 . Aberrant expression of p-p70S6K is linked
to GC carcinogenesis and its aggressiveness. Nuclear
localization of this protein could have some inhibitory
[48]
effects towards GC pathogenesis .

PRECLINICAL STUDIES AND ONGOING
CLINICAL TRIALS WITH PI3K/AKT
INHIBITORS
Involvement of several molecules of the PI3K/Akt/
mTOR pathways in GC carcinogenesis has eventually
led to development of both single, as well as recently,
dual inhibitors essential for molecular targeted therapy
for GC.

PI3K inhibitors and GC

PI3K inhibitors are classified into three classes based
on their selectivity for the ATP-binding cleft on PI3K
and pharmacokinetic properties: pan-class Ⅰ, isoform[49,50]
selective, and dual PI3K/mTOR inhibitors
.

Pan-Class Ⅰ inhibitors

Pan-classⅠinhibitors have inhibitory effects against each
isoform of p110 (PIK3CA). Several pan-classⅠinhibitors
are under investigation for GC targeted therapy, since
PIK3CA gene mutations comprise 25% of gastric
[51]
tumors, resulting in PI3K dysregulation in GC .
The first report of a molecular agent inhibiting PI3K
was quecertin, which was, however, a non-specific
[52]
kinase inhibitor . Eventually, more specific panclass Ⅰ inhibitors were identified, such as Wortmannin
and a quecertin analogue, LY294002. Although
both LY294002 and Wortmannin exhibited potent
PI3K-inhibitory properties, there were considerable
limitations for them to proceed towards clinical
[52-54]
trials
. LY294002 showed non-specific targeting,
[55,56]
a short half-life, and toxicity in vivo
, while Wort
mannin had limitations involving biological stability and
[57]
short half-life .
To further improve on the pharmacological avail
abilities, a structural analogue of Wortmannin, PX-866
was developed.
PX-866: PX-866 is a semisynthetic pan-class-1,
Wortmannin analogue with inhibitory concentrations
in nanomolar ranges and better efficacy and a safer
pharmacokinetic profile than Wortmannin. Preclinical in vivo studies have shown its anti-cancer
effect against several xenograft models of various
[57,58]
cancers
. It is currently in Phase Ⅱ clinical trials
for patients with glioblastoma and head and neck
[59,60]
cancer
.
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PX-866 recently also came under limelight for a
multicenter trial for advanced solid tumors including
gastric tumors. Data from the trial show that PX-866
can be administered with endurable toxicity for
[61]
patients with advanced solid tumors .
NVP-BKM120 (Buparlisib): NVP-BKM120 is a potent
pan-class Ⅰ PI3K inhibitor with its activity in nanomolar
ranges for all the isoforms of Class Ⅰ PI3K. Preclinical
investigations have revealed its effectiveness in a
diverse range of cancer cell lines, with increased
[62]
sensitivity in tumors harboring PIK3CA mutations .
Similar results were also observed in a panel of GC
[63]
cell lines . Additionally, combination therapy using
PI3K and STAT3 inhibitors showed better efficacy and
a synergistic effect in GC cell lines harboring KRAS
mutations. The STAT3 pathway is also known to be
[64]
constitutively activated in GC . Although preclinical
studies on BKM120 in GC are still ongoing, it has
reached Phase Ⅱ clinical trials for other cancers such
as brain, breast, colorectal, endometrial, NSCLC,
[49,65-67]
and renal cell carcinoma
. Thus, BKM120 has a
potential to progress into clinical trials for GC treatment
using targeted therapy.
ZSTK474: ZSTK474, a pan-class 1 PI3K inhibitor
inhibits all the four isoforms of PI3K and exhibits antitumor activity in vivo against human tumor xenograft
[68-70]
models
. In vitro studies in GC cell lines suggest
combination therapy of ZST474 and IGFR inhibitors
for treating IGFR-positive cancers to overcome any
intrinsic resistance to inhibition of PI3K/Akt/mTOR
signaling, since over-expression of IGFR correlated
with increased tyrosine phosphorylation on Insulin
Receptor substrate, leading to increased PI3K activation.
Hence, combination therapy with both ZST474 and
IGFR inhibitors on GC cells with high IGFR expression
[71]
exerted a superior therapeutic response .
BAY80-6946: BAY80-6946 is synthesized by Bayer
healthcare and is a highly potent, selective, and
reversible pan-class Ⅰ inhibitor working in nanomolar
concentrations against all the isoforms of p110.
However, it shows preferential activity against p110α
and β than p110 γ and δ in tumor cell lines and
[72]
xenograft models . BAY80-6946 demonstrated
acceptable safety profiles in phase Ⅰ clinical trials for
advanced solid tumors, and therefore, exhibiting a
potential to be progressed to phase Ⅱ clinical trials for
patients with advanced solid tumors.

Isoform specific PI3K inhibitors

PI3K isoform specific inhibitors were designed with
an aim to provide comparable or superior efficacy
than pan-class Ⅰ inhibitors. Some of them under
investigation for GC treatment will now be discussed.
BYL719: BYL719 is an α-isoform specific PI3K inhibitor
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working at nanomolar concentrations with minimal
[73]
activity against other PI3K isoforms . With the PI3K/
Akt/mTOR pathway being frequently dysregulated in
GC, BYL719 exhibited its inhibitory effects in synergy
with another inhibitor LJM716, a ligand dependent as
well as independent HER3 inhibitor, in GC xenograft
[74]
models . Interestingly, the combination study was
done in HER2 positive GC cell lines, suggesting the
sensitivity of this drug towards HER amplifications.
BYL719 also recently completed Phase1b clinical trial
for advanced stage GC in a combinational study with
the HSP90 inhibitor AUY922 in patients whose tumors
either harbour molecular alterations of PIK3CA or
[75]
HER2 amplification .
INK1117: INK117 is another novel, selective p110α
inhibitor. It is particularly more effective and sensitive
to tumors bearing PIK3CA mutations. With good oral
bioavailability in preclinical xenograft studies, it has
entered a phase-Ⅰ study for advanced solid tumors
including GC, to evaluate its safety, tolerability,
[76]
pharmacokinetic and pharmacodynamic properties .

Dual PI3K/mTOR inhibitors

PI3K/mTOR dual inhibitors inhibit PI3K and the
downstream mTOR kinase activity by binding to
the ATP-binding cleft of these enzymes. Relative to
the single inhibitors, these drugs have the benefit
of inhibiting mTORC1 and mTOCR2, as well as all
the isoforms of PI3K. Evidence has suggested that
the mTORC1/S6K axis has a “two-edge sword”-like
function in activation of the PI3K/mTOR pathway by
promoting growth signals downstream of Akt, as well
as mediating a potent negative feedback loop that
restrains signaling via the insulin/IGFR and other
RTKs. Dysregulation of this negative feedback loop
has been reported to contribute towards resistance
[77]
in cancers subjected to single inhibitors . Hence,
the need of dual PI3K/mTOR inhibitors arises with
an aim to discover drugs with low toxicity and good
pharmacokinetic profile.
NVP-BEZ235: NVP-BEZ235 is a novel dual ATPcompetitive PI3K and mTOR inhibitor for p110α/β/γ/δ
and mTOR kinase, with inhibitory doses at nanomolar
[78]
ranges. It first entered phase trials for breast cancer .
The effectiveness of BEZ235 has been investigated
in both PIK3CA mutated and wild type cell lines in
vitro and in xenograft models in vivo. The first group
reporting an effect of BEZ235 on gastric xenografts
showed reduced tumor growth for NCI-N87 but not
MKN-45 or MKN-28 xenografts. Interestingly, the
reduction in tumor growth correlated with thymidine
kinase expression and not PI3K/mTOR pathway
[79]
inhibition . Another group demonstrated in vitro
increased sensitivity of AGS, PIK3CA mutated cells
than for NCI-N87 and MKN-45, wild type PIK3CA GC
[63]
cells . Clinically, the response rate for BEZ235 was
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highest for patients with PIK3CA mutations than those
[80]
without this mutation . However, another recent
study showed an increased anti-tumor response with
BEZ235 alone or in combination with nab-paclitaxel
in NCI-N87, AGS, and SNU-16 GC cells, independent
of PIK3CA mutation status in vitro and in a SNU16
[81]
xenograft model in vivo . Hence, with increasing
preclinical studies focusing on using NVP-BEZ235 for
GC targeted therapy, and its gaining popularity in
clinical trials for other cancers, NVP-BEZ235 might be
a good potential candidate drug to be considered for
clinical trials for solid tumors such as GC.
VS-5884: VS-5884 is a dual PI3K and mTOR inhibitor,
inhibiting all the isoforms of PI3K and both mTOR
complexes (mTORC1 and mTORC2), with nanomolar
inhibitory concentrations for a panel of cancer cell
lines in vitro and increased sensitivity towards cell
lines harboring PIK3CA mutations. It also exhibits a
favourable pharmacokinetic profile in vivo. VS-5884
shows a statistically significant inhibition of tumor
growth in HER-over-expressing GC xenograft models
(NCI-N87). This drug also exhibits a synergistic
response in these xenograft models with geftinib, an
EGFR inhibitor (EGFRi), currently in phase Ⅱ trials for
GC treatment. Since this drug has proven its efficacy
for monotherapy and combination therapy in GC
[82]
xenograft models , these data provide a rationale
for testing VS-5884 in early phase clinical trials for GC
patients.
PI-103: PI-103 is an ATP-competitive PI3K and
mTOR inhibitor with variable sensitivities towards
different isoforms of p110 and mTOR at nanomolar
concentrations. It was recently assessed for its
synergistic effect to enhance the anti-tumor response
for GC both in vitro and in vivo with 5-FU treatment.
This study suggested PI-103 usage for enhancing 5-FU
chemotherapy for GC; with 5-FU currently being used
to treat GC patients but demonstrating limitations due
to inter-variability in response rate of these patients.
This synergistic effect of PI-103 with 5-FU was also
associated with PIK3CA mutations and reduction of
downstream effectors of PI3K/Akt/mTOR pathway
and thymidylate synthase, an enzyme that generates
[83]
thymidylate precursors for DNA synthesis in vitro .

Akt inhibitors and GC

The Akt signaling cascade controls a spectrum of
tumorigenesis events such as cell growth, proliferation,
survival, angiogenesis, invasion, and metastasis, as
well as activation of the mTOR signaling cascade.
Several mutations or amplifications in the Akt/mTOR
signaling cascade contribute towards constitutive
activation of Akt, which includes PTEN mutations
and PIK3CA mutations, as well as over-expression/
[84-87]
amplification of Akt itself
. With activated Akt
playing a crucial role in tumorigenesis, several Akt
inhibitors have been designed that have entered
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preclinical as well as clinical trials. Akt inhibitors that
are currently being investigated for GC treatment
include:
AZD5363: AZD5363 binds to and inhibits all the
isoforms of Akt (Akt1, Akt2, and Akt3) with potency
in the nanomolar range. Reports have suggested
increased sensitivity towards AZD5363 in cancer
cells harboring PIK3CA mutations, PTEN mutations,
[88]
or HER-2 amplifications both in vitro and in vivo .
This sensitivity of AZD5363 towards the activating
mutations was also tested in GC xenograft models, one
with a PIK3CA mutation and another with PTEN loss.
AZD5363 exhibited a relatively more significant antitumor response towards PIK3CA mutant GC xenografts
than those with PTEN loss alone. Interestingly, for
GC xenografts with inactivated PTEN treated with a
combination of AZ5363 and taxotrene, a synergistic
and potent anti-tumor response was observed rather
[89]
than monotherapy with AZD5363 . Hence, selection
of patients based on their mutational status would be
beneficial for targeted therapy, which can eventually
lead to more effective and tailored therapy either with
single agents or in combination.
MK-2206: MK-2206 is a highly selective, allosteric
Akt inhibitor, with higher potency for Akt1 and Akt2
isoforms than Akt3. Its efficacy was investigated both
in vitro and in vivo as a single agent as well as in
combination with several chemotherapeutic drugs or
molecular targeted drugs (EGFRi) to overcome any
potential resistance. This drug enhances the antitumor response in combination therapy, making it a
suitable and promising agent for the second line of
therapy in cancer patients receiving chemotherapy
[90]
or targeted therapy . This drug is currently used in
phase Ⅱ trials as a second-line therapy for gastric and
[91]
gastroesophageal cancer .
Perifosine: An oral anti-cancer agent and an Akt
inhibitor, Perifosine has entered clinical trials for major
human cancers. eIF4E is a downstream effector
of the Akt/mTOR pathway, and increased levels of
phosphorylated eIF4E and total-eIF4E correlate with
increased GC in tumor tissues. A recent study showed
that Perifosine treatment of GC cells with increased
eIF4E expression (p-eIF4E) down-regulated eIF4E
expression, and thereby exerting an inhibitory effect
on the Akt/mTOR pathway. Also, the combination
of eIF4E inhibitor with Perifosine in these GC cells
further sensitized the cells towards more effective
[92]
treatment . Another study of combination therapy
in GC revealed the effectiveness of Perifosine in
combination with a miR-27a inhibitor, an oncogene
[93]
that contributes to drug resistance in GC cells . With
more studies identifying the molecular mechanisms
of Perifosine inhibition in GC, a recent study shows
Perifosine inhibiting tumor growth in GC cells via
inhibition of the Akt/GSK3β/C-MYC signaling pathway,
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with significant down-regulation of AEG-1 (Astrocyte
elevated gene), a gene reported to play an important
role in cellular processes such as proliferation,
[94]
apoptosis, and invasion . Hence, Perifosine is a
good potential therapeutic Akt inhibitor when used in
combination therapies to overcome drug resistance,
with scope for further progression into clinical trials.
TCN-PM: Triciribine Phosphate Monohydrate (TCN-PM)
is a potent Akt inhibitor inhibiting all the three isoforms
of Akt. In Phase Ⅰ studies of patients with solid
tumors, where TCN-PM was administered to patients
with increased p-Akt levels (as assessed by immuno
histochemical staining), a moderate reduction in p-Akt
was observed after single TCN-PM therapy, which may
have been possibly due to a small sample size. Further
studies to confirm its availability as a single agent as
well as its efficacy in combination treatments would
help to promote its importance for phase Ⅱ clinical
[95]
trials for GC .

mTOR inhibitors

mTOR is often dysregulated in GC, with several
preclinical studies suggesting mTOR as a potential
therapeutic target. mTOR forms two types of com
plexes to perform its cellular function based on its
interacting partner and substrate specificity, these
being the mTORC1 and mTOR2 complex. The mTORC1
[96]
complex is rapamycin sensitive ; rapamycin being
the first mTOR inhibitor developed, while the mTORC2
complex is rapamycin insensitive. mTOR inhibitors are
classified into two types based on their specificity for
mTOR complexes: Rapalogs and mTORC1/2 inhibitors.
Rapalogs: Rapamycin and its analogs (referred as
rapalogs), first form a complex with the intracellular
receptor FK506 binding protein 12 (FKBP12) and
then bind to a domain separate from the catalytic site
of mTOR, preventing mTOR function. Rapalogs are
[97]
effective against the mTOCR1 complex . Some of the
rapalogs under preclinical and clinical studies for GC
treatment are as follows:
Temsirolimus: Temsirolimus binds to FKBP12,
and the resultant protein-drug complex prevents
mTORC1 activity. A Phase Ⅰ clinical study determined
a favorable toxicity profile, maximum tolerated dose,
pharmacokinetics, and anti-tumor efficacy in patients
with advanced cancer including GC, making it a
[98]
favorable drug to proceed towards phase Ⅱ trials .
Everolimus - Everolimus is another oral mTORC1
complex inhibitor that has demonstrated good safety
and clinical tolerability profile in Phase Ⅰ trials for
several cancers including GC. Phase Ⅱ trials for
patients with advanced GC treated with Everolimus
exhibited a good median progression free survival
(PFS). Phase Ⅲ trials for previously treated GC did
not show a significant overall survival benefit vs best
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supportive care patients. However, the PFS for sixmonths and the safety profile was significant, which
highlights the need for predictive biomarkers for
Everolimus treatment response in order to obtain
[99]
better efficacy for this drug .
Ridaforolimus: Ridaforolimus, a rapamycin analog,
is under clinical investigation with its well defined
anti-tumor response in preclinical studies. It showed
a synergistic anti-tumor response in patients with
solid tumors including GC, in a Phase Ib trial, where
ridaforolimus was given in combination with capecitabine,
[100]
a prodrug that converts into FU .

mTORC1/2 inhibitors

Although mTORC1 inhibition by rapamycin analogs
results in substantial tumor growth inhibition, drug
resistance has been reported due to a negative
feedback loop in the PI3K/Akt/mTOR pathway either
via RTKs upregulation with increased Akt activation
or crosstalk of PI3K with Ras signaling, leading to
MAPK pathway activation. Hence, mTORC1/2 complex
inhibitors have gained interest owing to their ability
to act as ATP-competitive inhibitors of mTOR kinase
activity.
PP242: PP242 significantly inhibits mTOR kinase
activity, inhibiting both mTORC1 and mTORC2 complex
activities. It shows superior anti-proliferative and antiangiogenesis effects in GC cell lines in vitro relative
to rapamycin, indicating its promising potential as a
[101]
therapeutic drug in future for GC .
Other mTORC1/2 inhibitors that have been under
investigation for solid tumor treatment include AZD2014,
AZD8055, and OSI-027; however, there are currently
no reports on their usage for GC treatment.

POTENTIAL BIOMARKERS FOR
TARGETED THERAPY
The PI3k/Akt/mTOR pathway is activated in approxi
mately 30%-60% of GC tumors. Hence, targeted therapy
using either single or dual Akt/mTOR inhibitors is under
investigation in several clinical trials as summarized in
Table 2, with Everolimus, an mTOR inhibitor, being the
only drug to date that has progressed towards phase
[99]
Ⅲ trials for advanced GC patients . Unfortunately,
overall survival (OS) for GC patients treated with
Everolimus was not significant; hence, identification of
specific biomarkers for patient selection for Everolimus
treatment would aid in more personalized therapy,
with a potential for better efficacy and anti-tumor
response. Although Everolimus failed to significantly
improve the overall survival of patients with refractory
advanced gastric cancer (AGC), an interesting case
study showed satisfactory Everolimus monotherapy
in a patient with refractory AGC harboring PIK3CA
[102]
mutations and pS6 aberrations
; indicating the
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Table 2 Summary of phosphatidylinositol-3 kinases/Akt/mTOR inhibitors under investigation for gastric cancer treatment
Classification of PI3K/Akt/mTOR inhibitors
PI3K inhibitors: 3 classes of PI3K inhibitors
Pan-class Ⅰ inhibitors

Isoform specific PI3K inhibitors
Dual Akt/mTOR inhibitors

Akt inhibitors

mTOR inhibitors: 2 types
Rapalogs

mTORC1/2 inhibitors

Inhibitors under investigation for GC

Clinical status for GC

PX-866
NVP-BKM120
ZSTK474
BAY80-6946
BYL719
INK117
NVP-BEZ235
VS-5884
PI-103
AZD5363
MK-2206
Perifosine
TCN-PM

Phase-Ⅱ study for solid tumors
Phase-Ⅰ study for advanced solid tumors
Preclinical studies
Phase-Ⅱ study for advanced solid tumors
Phase-Ⅰ study
Phase-Ⅰ study
Preclinical studies
Phase-Ⅱ study
Phase-Ⅰ study
Preclinical studies
Phase-Ⅱ study
Preclinical studies
Phase-Ⅰ study for solid tumors

Everolimus
Ridaforolims
Sirolimus
Temsirolimus
PP242

Phase-Ⅲ study
Preclinical studies
Phase-Ⅰ study
Phase-Ⅱ study
Preclinical studies

GC: Gastric cancer; PI3K: Phosphatidylinositol-3 kinases.

importance of predictive biomarkers for various
subpopulations of AGC for effective treatment. With
studies ongoing for biomarker discovery for better
prognosis with Everolimus treatment for AGC patients,
some biomarkers that have been explored to predict
Everolimus sensitivity in other cancers are PIK3CA/
[103,104]
PTEN genomic aberrations
.
With the lack of predictive biomarkers, the need
arises to discover new molecules as surrogate markers
to further segregate the AGC patient population for
more efficient PI3K/Akt/mTOR pathway inhibition.
Recent reports have also shown constitutive activation
of the Akt/mTOR pathway being regulated by receptor
interacting protein-1 (RIP1), a key enzyme in the
activation of survival pathways such as Akt/mTOR
[105]
as well as NF-κB
. RIP-1 down-regulates PTEN
expression as well as suppresses the mTOR/PI3K
feedback inhibitory loop, leading to potent activation
of this pathway. At the same time, RIP1 also mediates
activation of NF-κB pathway, where TAK-1 (TGF-β), a
key regulator of the signaling cascade, is recruited to
the TNF-α receptor complex, which is a pivotal step
for IKK (IκB kinase) activation. The NF-κB pathway is
aberrantly activated in several cancers including breast
and GC, and recently, an oncogene DP103 (a DEADbox RNA helicase), was identified by our group to
be upregulated in breast, prostate, gastric and colon
cancers, and was shown to define the metastatic
potential via activation of the NF-κB pathway in
[106]
two independent breast cancer cohorts
. DP103
regulates the NF-κB pathway via direct interaction
with TAK1 and thus, the DP103-TAK1 protein complex
[106]
regulates activation of NF-κB in breast cancer . With
TAK1 activation also being RIP-1 dependent, cross talk
between the Akt/mTOR and NF-κB pathways suggests
exploring the role of DP103 as a future biomarker for
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GC upon aberrant PI3K/Akt/mTOR pathway activation.

REFERENCES
1
2

3
4
5
6
7
8

9

10
11

12269

Leevers SJ, Vanhaesebroeck B, Waterfield MD. Signalling through
phosphoinositide 3-kinases: the lipids take centre stage. Curr Opin
Cell Biol 1999; 11: 219-225 [PMID: 10209156]
Yu J, Zhang Y, McIlroy J, Rordorf-Nikolic T, Orr GA, Backer
JM. Regulation of the p85/p110 phosphatidylinositol 3’-kinase:
stabilization and inhibition of the p110alpha catalytic subunit by
the p85 regulatory subunit. Mol Cell Biol 1998; 18: 1379-1387
[PMID: 9488453]
Yuan TL, Cantley LC. PI3K pathway alterations in cancer:
variations on a theme. Oncogene 2008; 27: 5497-5510 [PMID:
18794884 DOI: 10.1038/onc.2008.245]
Manning BD, Cantley LC. AKT/PKB signaling: navigating
downstream. Cell 2007; 129: 1261-1274 [PMID: 17604717 DOI:
10.1016/j.cell.2007.06.009]
Gonzalez E, McGraw TE. The Akt kinases: isoform specificity in
metabolism and cancer. Cell Cycle 2009; 8: 2502-2508 [PMID:
19597332]
Kumar CC, Madison V. AKT crystal structure and AKT-specific
inhibitors. Oncogene 2005; 24: 7493-7501 [PMID: 16288296 DOI:
10.1038/sj.onc.1209087]
Sarbassov DD, Guertin DA, Ali SM, Sabatini DM. Phosphorylation
and regulation of Akt/PKB by the rictor-mTOR complex. Science 2005;
307: 1098-1101 [PMID: 15718470 DOI: 10.1126/science.1106148]
Facchinetti V, Ouyang W, Wei H, Soto N, Lazorchak A, Gould
C, Lowry C, Newton AC, Mao Y, Miao RQ, Sessa WC, Qin J,
Zhang P, Su B, Jacinto E. The mammalian target of rapamycin
complex 2 controls folding and stability of Akt and protein kinase C.
EMBO J 2008; 27: 1932-1943 [PMID: 18566586 DOI: 10.1038/
emboj.2008.120]
Ikenoue T, Inoki K, Yang Q, Zhou X, Guan KL. Essential function
of TORC2 in PKC and Akt turn motif phosphorylation, maturation
and signalling. EMBO J 2008; 27: 1919-1931 [PMID: 18566587
DOI: 10.1038/emboj.2008.119]
Hemmings BA, Restuccia DF. The PI3K-PKB/Akt pathway. Cold
Spring Harb Perspect Biol 2015; 7: pii a026609 [PMID: 25833846
DOI: 10.1101/cshperspect.a026609]
Liu P, Begley M, Michowski W, Inuzuka H, Ginzberg M, Gao
D, Tsou P, Gan W, Papa A, Kim BM, Wan L, Singh A, Zhai B,

November 21, 2015|Volume 21|Issue 43|

Singh SS et al . PI3K pathway dysregulation and gastric cancer

12
13
14

15
16
17
18

19

20

21

22

23

24

25

26
27

Yuan M, Wang Z, Gygi SP, Lee TH, Lu KP, Toker A, Pandolfi PP,
Asara JM, Kirschner MW, Sicinski P, Cantley L, Wei W. Cellcycle-regulated activation of Akt kinase by phosphorylation at its
carboxyl terminus. Nature 2014; 508: 541-545 [PMID: 24670654
DOI: 10.1038/nature13079]
Wullschleger S, Loewith R, Hall MN. TOR signaling in growth
and metabolism. Cell 2006; 124: 471-484 [PMID: 16469695 DOI:
10.1016/j.cell.2006.01.016]
Inoki K, Li Y, Zhu T, Wu J, Guan KL. TSC2 is phosphorylated and
inhibited by Akt and suppresses mTOR signalling. Nat Cell Biol
2002; 4: 648-657 [PMID: 12172553 DOI: 10.1038/ncb839]
Karassek S, Berghaus C, Schwarten M, Goemans CG, Ohse
N, Kock G, Jockers K, Neumann S, Gottfried S, Herrmann C,
Heumann R, Stoll R. Ras homolog enriched in brain (Rheb)
enhances apoptotic signaling. J Biol Chem 2010; 285: 33979-33991
[PMID: 20685651 DOI: 10.1074/jbc.M109.095968]
Jewell JL, Russell RC, Guan KL. Amino acid signalling upstream
of mTOR. Nat Rev Mol Cell Biol 2013; 14: 133-139 [PMID:
23361334 DOI: 10.1038/nrm3522]
Long X, Lin Y, Ortiz-Vega S, Yonezawa K, Avruch J. Rheb binds
and regulates the mTOR kinase. Curr Biol 2005; 15: 702-713
[PMID: 15854902 DOI: 10.1016/j.cub.2005.02.053]
Ma XM, Blenis J. Molecular mechanisms of mTOR-mediated
translational control. Nat Rev Mol Cell Biol 2009; 10: 307-318
[PMID: 19339977 DOI: 10.1038/nrm2672]
Gwinn DM, Shackelford DB, Egan DF, Mihaylova MM, Mery A,
Vasquez DS, Turk BE, Shaw RJ. AMPK phosphorylation of raptor
mediates a metabolic checkpoint. Mol Cell 2008; 30: 214-226
[PMID: 18439900 DOI: 10.1016/j.molcel.2008.03.003]
Hahn-Windgassen A, Nogueira V, Chen CC, Skeen JE, Sonenberg
N, Hay N. Akt activates the mammalian target of rapamycin by
regulating cellular ATP level and AMPK activity. J Biol Chem
2005; 280: 32081-32089 [PMID: 16027121 DOI: 10.1074/jbc.
M502876200]
Gual P, Le Marchand-Brustel Y, Tanti JF. Positive and negative
regulation of insulin signaling through IRS-1 phosphorylation.
Biochimie 2005; 87: 99-109 [PMID: 15733744 DOI: 10.1016/
j.biochi.2004.10.019]
García-Rostán G, Costa AM, Pereira-Castro I, Salvatore G,
Hernandez R, Hermsem MJ, Herrero A, Fusco A, CameselleTeijeiro J, Santoro M. Mutation of the PIK3CA gene in anaplastic
thyroid cancer. Cancer Res 2005; 65: 10199-10207 [PMID:
16288007 DOI: 10.1158/0008-5472.CAN-04-4259]
Li VS, Wong CW, Chan TL, Chan AS, Zhao W, Chu KM, So S,
Chen X, Yuen ST, Leung SY. Mutations of PIK3CA in gastric
adenocarcinoma. BMC Cancer 2005; 5: 29 [PMID: 15784156
DOI: 10.1186/1471-2407-5-29]
Samuels Y, Wang Z, Bardelli A, Silliman N, Ptak J, Szabo S, Yan
H, Gazdar A, Powell SM, Riggins GJ, Willson JK, Markowitz
S, Kinzler KW, Vogelstein B, Velculescu VE. High frequency of
mutations of the PIK3CA gene in human cancers. Science 2004;
304: 554 [PMID: 15016963 DOI: 10.1126/science.1096502]
Byun DS, Cho K, Ryu BK, Lee MG, Park JI, Chae KS, Kim HJ,
Chi SG. Frequent monoallelic deletion of PTEN and its reciprocal
associatioin with PIK3CA amplification in gastric carcinoma. Int
J Cancer 2003; 104: 318-327 [PMID: 12569555 DOI: 10.1002/
ijc.10962]
Sato K, Tamura G, Tsuchiya T, Endoh Y, Sakata K, Motoyama T,
Usuba O, Kimura W, Terashima M, Nishizuka S, Zou T, Meltzer
SJ. Analysis of genetic and epigenetic alterations of the PTEN
gene in gastric cancer. Virchows Arch 2002; 440: 160-165 [PMID:
11964046]
Kang YH, Lee HS, Kim WH. Promoter methylation and silencing
of PTEN in gastric carcinoma. Lab Invest 2002; 82: 285-291 [PMID:
11896207]
Chun-Zhi Z, Lei H, An-Ling Z, Yan-Chao F, Xiao Y, Guang-Xiu W,
Zhi-Fan J, Pei-Yu P, Qing-Yu Z, Chun-Sheng K. MicroRNA-221
and microRNA-222 regulate gastric carcinoma cell proliferation
and radioresistance by targeting PTEN. BMC Cancer 2010; 10:
367 [PMID: 20618998 DOI: 10.1186/1471-2407-10-367]

WJG|www.wjgnet.com

28

29

30

31

32

33

34

35

36

37
38
39

40
41

42

43
44

45

12270

Guo J, Miao Y, Xiao B, Huan R, Jiang Z, Meng D, Wang Y.
Differential expression of microRNA species in human gastric cancer
versus non-tumorous tissues. J Gastroenterol Hepatol 2009; 24:
652-657 [PMID: 19175831 DOI: 10.1111/j.1440-1746.2008.05666.
x]
Wang ZX, Lu BB, Wang H, Cheng ZX, Yin YM. MicroRNA-21
modulates chemosensitivity of breast cancer cells to doxorubicin
by targeting PTEN. Arch Med Res 2011; 42: 281-290 [PMID:
21820606 DOI: 10.1016/j.arcmed.2011.06.008]
Yang Z, Yuan XG, Chen J, Luo SW, Luo ZJ, Lu NH. Reduced
expression of PTEN and increased PTEN phosphorylation at
residue Ser380 in gastric cancer tissues: a novel mechanism of
PTEN inactivation. Clin Res Hepatol Gastroenterol 2013; 37:
72-79 [PMID: 22521126 DOI: 10.1016/j.clinre.2012.03.002]
Carson JP, Kulik G, Weber MJ. Antiapoptotic signaling in LNCaP
prostate cancer cells: a survival signaling pathway independent of
phosphatidylinositol 3’-kinase and Akt/protein kinase B. Cancer
Res 1999; 59: 1449-1453 [PMID: 10197612]
Wick W, Furnari FB, Naumann U, Cavenee WK, Weller M.
PTEN gene transfer in human malignant glioma: sensitization to
irradiation and CD95L-induced apoptosis. Oncogene 1999; 18:
3936-3943 [PMID: 10435616 DOI: 10.1038/sj.onc.1202774]
Huang J, Kontos CD. PTEN modulates vascular endothelial
growth factor-mediated signaling and angiogenic effects. J Biol
Chem 2002; 277: 10760-10766 [PMID: 11784722 DOI: 10.1074/
jbc.M110219200]
Cinti C, Vindigni C, Zamparelli A, La Sala D, Epistolato MC,
Marrelli D, Cevenini G, Tosi P. Activated Akt as an indicator of
prognosis in gastric cancer. Virchows Arch 2008; 453: 449-455
[PMID: 18841391 DOI: 10.1007/s00428-008-0676-8]
Kobayashi I, Semba S, Matsuda Y, Kuroda Y, Yokozaki H.
Significance of Akt phosphorylation on tumor growth and
vascular endothelial growth factor expression in human gastric
carcinoma. Pathobiology 2006; 73: 8-17 [PMID: 16785763 DOI:
10.1159/000093087]
Nam SY, Lee HS, Jung GA, Choi J, Cho SJ, Kim MK, Kim WH,
Lee BL. Akt/PKB activation in gastric carcinomas correlates with
clinicopathologic variables and prognosis. APMIS 2003; 111:
1105-1113 [PMID: 14678019]
Benayoun BA, Caburet S, Veitia RA. Forkhead transcription
factors: key players in health and disease. Trends Genet 2011; 27:
224-232 [PMID: 21507500 DOI: 10.1016/j.tig.2011.03.003]
Fu Z, Tindall DJ. FOXOs, cancer and regulation of apoptosis.
Oncogene 2008; 27: 2312-2319 [PMID: 18391973 DOI: 10.1038/
onc.2008.24]
Datta SR, Dudek H, Tao X, Masters S, Fu H, Gotoh Y, Greenberg
ME. Akt phosphorylation of BAD couples survival signals to the
cell-intrinsic death machinery. Cell 1997; 91: 231-241 [PMID:
9346240]
Sangawa A, Shintani M, Yamao N, Kamoshida S. Phosphorylation
status of Akt and caspase-9 in gastric and colorectal carcinomas.
Int J Clin Exp Pathol 2014; 7: 3312-3317 [PMID: 25031754]
Bai D, Ueno L, Vogt PK. Akt-mediated regulation of NFkappaB
and the essentialness of NFkappaB for the oncogenicity of PI3K
and Akt. Int J Cancer 2009; 125: 2863-2870 [PMID: 19609947
DOI: 10.1002/ijc.24748]
Chao X, Zao J, Xiao-Yi G, Li-Jun M, Tao S. Blocking of PI3K/
AKT induces apoptosis by its effect on NF-κB activity in gastric
carcinoma cell line SGC7901. Biomed Pharmacother 2010; 64:
600-604 [PMID: 20947290 DOI: 10.1016/j.biopha.2010.08.008]
Zoncu R, Efeyan A, Sabatini DM. mTOR: from growth signal
integration to cancer, diabetes and ageing. Nat Rev Mol Cell Biol
2011; 12: 21-35 [PMID: 21157483 DOI: 10.1038/nrm3025]
Byeon SJ, Han N, Choi J, Kim MA, Kim WH. Prognostic
implication of TSC1 and mTOR expression in gastric carcinoma. J
Surg Oncol 2014; 109: 812-817 [PMID: 24615476 DOI: 10.1002/
jso.23585]
Yu G, Wang J, Chen Y, Wang X, Pan J, Li G, Jia Z, Li Q, Yao JC,
Xie K. Overexpression of phosphorylated mammalian target of
rapamycin predicts lymph node metastasis and prognosis of chinese

November 21, 2015|Volume 21|Issue 43|

Singh SS et al . PI3K pathway dysregulation and gastric cancer

46

47

48

49
50

51
52
53

54

55

56

57

58

59

60

61

patients with gastric cancer. Clin Cancer Res 2009; 15: 1821-1829
[PMID: 19223493 DOI: 10.1158/1078-0432.CCR-08-2138]
He J, Wang MY, Qiu LX, Zhu ML, Shi TY, Zhou XY, Sun MH,
Yang YJ, Wang JC, Jin L, Wang YN, Li J, Yu HP, Wei QY. Genetic
variations of mTORC1 genes and risk of gastric cancer in an
Eastern Chinese population. Mol Carcinog 2013; 52 Suppl 1:
E70-E79 [PMID: 23423739 DOI: 10.1002/mc.22013]
Chiang GG, Abraham RT. Phosphorylation of mammalian target
of rapamycin (mTOR) at Ser-2448 is mediated by p70S6 kinase.
J Biol Chem 2005; 280: 25485-25490 [PMID: 15899889 DOI:
10.1074/jbc.M501707200]
Xiao L, Wang YC, Li WS, Du Y. The role of mTOR and phosphop70S6K in pathogenesis and progression of gastric carcinomas:
an immunohistochemical study on tissue microarray. J Exp Clin
Cancer Res 2009; 28: 152 [PMID: 20003385 DOI: 10.1186/1756-9
966-28-152]
Martini M, Ciraolo E, Gulluni F, Hirsch E. Targeting PI3K in
Cancer: Any Good News? Front Oncol 2013; 3: 108 [PMID:
23658859 DOI: 10.3389/fonc.2013.00108]
Vadas O, Burke JE, Zhang X, Berndt A, Williams RL. Structural
basis for activation and inhibition of class I phosphoinositide
3-kinases. Sci Signal 2011; 4: re2 [PMID: 22009150 DOI: 10.1126/
scisignal.2002165]
Samuels Y, Ericson K. Oncogenic PI3K and its role in cancer.
Curr Opin Oncol 2006; 18: 77-82 [PMID: 16357568]
M a t t e r W F , B r o w n R F, V l a h o s C J . T h e i n h i b i t i o n o f
phosphatidylinositol 3-kinase by quercetin and analogs. Biochem
Biophys Res Commun 1992; 186: 624-631 [PMID: 1323287]
Nakanishi S, Kakita S, Takahashi I, Kawahara K, Tsukuda E,
Sano T, Yamada K, Yoshida M, Kase H, Matsuda Y. Wortmannin,
a microbial product inhibitor of myosin light chain kinase. J Biol
Chem 1992; 267: 2157-2163 [PMID: 1733924]
Vlahos CJ, Matter WF, Hui KY, Brown RF. A specific inhibitor of
phosphatidylinositol 3-kinase, 2-(4-morpholinyl)-8-phenyl-4H-1benzopyran-4-one (LY294002). J Biol Chem 1994; 269: 5241-5248
[PMID: 8106507]
Bain J, Plater L, Elliott M, Shpiro N, Hastie CJ, McLauchlan H,
Klevernic I, Arthur JS, Alessi DR, Cohen P. The selectivity of
protein kinase inhibitors: a further update. Biochem J 2007; 408:
297-315 [PMID: 17850214 DOI: 10.1042/BJ20070797]
Gharbi SI, Zvelebil MJ, Shuttleworth SJ, Hancox T, Saghir N,
Timms JF, Waterfield MD. Exploring the specificity of the PI3K
family inhibitor LY294002. Biochem J 2007; 404: 15-21 [PMID:
17302559 DOI: 10.1042/BJ20061489]
Ihle NT, Paine-Murrieta G, Berggren MI, Baker A, Tate WR,
Wipf P, Abraham RT, Kirkpatrick DL, Powis G. The phosphatidy
linositol-3-kinase inhibitor PX-866 overcomes resistance to the
epidermal growth factor receptor inhibitor gefitinib in A-549
human non-small cell lung cancer xenografts. Mol Cancer Ther
2005; 4: 1349-1357 [PMID: 16170026 DOI: 10.1158/1535-7163.
MCT-05-0149]
Ihle NT, Williams R, Chow S, Chew W, Berggren MI, PaineMurrieta G, Minion DJ, Halter RJ, Wipf P, Abraham R, Kirkpatrick
L, Powis G. Molecular pharmacology and antitumor activity of
PX-866, a novel inhibitor of phosphoinositide-3-kinase signaling.
Mol Cancer Ther 2004; 3: 763-772 [PMID: 15252137]
Jimeno A, Shirai K, Choi M, Laskin J, Kochenderfer M, Spira A,
Cline-Burkhardt V, Winquist E, Hausman D, Walker L, Cohen RB.
A randomized, phase II trial of cetuximab with or without PX-866,
an irreversible oral phosphatidylinositol 3-kinase inhibitor, in
patients with relapsed or metastatic head and neck squamous cell
cancer. Ann Oncol 2015; 26: 556-561 [PMID: 25524478 DOI:
10.1093/annonc/mdu574]
Pitz MW, Eisenhauer EA, MacNeil MV, Thiessen B, Easaw JC,
Macdonald DR, Eisenstat DD, Kakumanu AS, Salim M, Chalchal
H, Squire J, Tsao MS, Kamel-Reid S, Banerji S, Tu D, Powers J,
Hausman DF, Mason WP. Phase II study of PX-866 in recurrent
glioblastoma. Neuro Oncol 2015; 17: 1270-1274 [PMID: 25605819
DOI: 10.1093/neuonc/nou365]
Hong DS, Bowles DW, Falchook GS, Messersmith WA, George

WJG|www.wjgnet.com

62

63

64

65

66

67

68

69

70

71

72

12271

GC, O’Bryant CL, Vo AC, Klucher K, Herbst RS, Eckhardt SG,
Peterson S, Hausman DF, Kurzrock R, Jimeno A. A multicenter
phase I trial of PX-866, an oral irreversible phosphatidylinositol
3-kinase inhibitor, in patients with advanced solid tumors. Clin
Cancer Res 2012; 18: 4173-4182 [PMID: 22693357 DOI:
10.1158/1078-0432.CCR-12-0714]
Maira SM, Pecchi S, Huang A, Burger M, Knapp M, Sterker D,
Schnell C, Guthy D, Nagel T, Wiesmann M, Brachmann S, Fritsch
C, Dorsch M, Chène P, Shoemaker K, De Pover A, Menezes D,
Martiny-Baron G, Fabbro D, Wilson CJ, Schlegel R, Hofmann F,
García-Echeverría C, Sellers WR, Voliva CF. Identification and
characterization of NVP-BKM120, an orally available pan-class I
PI3-kinase inhibitor. Mol Cancer Ther 2012; 11: 317-328 [PMID:
22188813 DOI: 10.1158/1535-7163.MCT-11-0474]
Mueller A, Bachmann E, Linnig M, Khillimberger K, Schimanski
CC, Galle PR, Moehler M. Selective PI3K inhibition by BKM120
and BEZ235 alone or in combination with chemotherapy in wildtype and mutated human gastrointestinal cancer cell lines. Cancer
Chemother Pharmacol 2012; 69: 1601-1615 [PMID: 22543857
DOI: 10.1007/s00280-012-1869-z]
Park E, Park J, Han SW, Im SA, Kim TY, Oh DY, Bang YJ. NVPBKM120, a novel PI3K inhibitor, shows synergism with a STAT3
inhibitor in human gastric cancer cells harboring KRAS mutations.
Int J Oncol 2012; 40: 1259-1266 [PMID: 22159814 DOI: 10.3892/
ijo.2011.1290]
Bendell JC, Rodon J, Burris HA, de Jonge M, Verweij J, Birle
D, Demanse D, De Buck SS, Ru QC, Peters M, Goldbrunner M,
Baselga J. Phase I, dose-escalation study of BKM120, an oral panClass I PI3K inhibitor, in patients with advanced solid tumors. J
Clin Oncol 2012; 30: 282-290 [PMID: 22162589 DOI: 10.1200/
JCO.2011.36.1360]
Brachmann SM, Kleylein-Sohn J, Gaulis S, Kauffmann A,
Blommers MJ, Kazic-Legueux M, Laborde L, Hattenberger M,
Stauffer F, Vaxelaire J, Romanet V, Henry C, Murakami M, Guthy
DA, Sterker D, Bergling S, Wilson C, Brümmendorf T, Fritsch
C, Garcia-Echeverria C, Sellers WR, Hofmann F, Maira SM.
Characterization of the mechanism of action of the pan class I PI3K
inhibitor NVP-BKM120 across a broad range of concentrations.
Mol Cancer Ther 2012; 11: 1747-1757 [PMID: 22653967 DOI:
10.1158/1535-7163.MCT-11-1021]
Koul D, Fu J, Shen R, LaFortune TA, Wang S, Tiao N, Kim YW,
Liu JL, Ramnarian D, Yuan Y, Garcia-Echevrria C, Maira SM,
Yung WK. Antitumor activity of NVP-BKM120--a selective
pan class I PI3 kinase inhibitor showed differential forms of
cell death based on p53 status of glioma cells. Clin Cancer Res
2012; 18: 184-195 [PMID: 22065080 DOI: 10.1158/1078-0432.
CCR-11-1558]
Kong D, Yamori T. ZSTK474 is an ATP-competitive inhibitor of
class I phosphatidylinositol 3 kinase isoforms. Cancer Sci 2007; 98:
1638-1642 [PMID: 17711503 DOI: 10.1111/j.1349-7006.2007.00580.
x]
Kong DX, Yamori T. ZSTK474, a novel phosphatidylinositol
3-kinase inhibitor identified using the JFCR39 drug discovery
system. Acta Pharmacol Sin 2010; 31: 1189-1197 [PMID:
20729870 DOI: 10.1038/aps.2010.150]
Yaguchi S, Fukui Y, Koshimizu I, Yoshimi H, Matsuno T, Gouda H,
Hirono S, Yamazaki K, Yamori T. Antitumor activity of ZSTK474,
a new phosphatidylinositol 3-kinase inhibitor. J Natl Cancer Inst
2006; 98: 545-556 [PMID: 16622124 DOI: 10.1093/jnci/djj133]
Isoyama S, Kajiwara G, Tamaki N, Okamura M, Yoshimi
H, Nakamura N, Kawamura K, Nishimura Y, Namatame N,
Yamori T, Dan S. Basal expression of insulin-like growth factor
1 receptor determines intrinsic resistance of cancer cells to a
phosphatidylinositol 3-kinase inhibitor ZSTK474. Cancer Sci
2015; 106: 171-178 [PMID: 25483727 DOI: 10.1111/cas.12582]
Liu N, Rowley BR, Bull CO, Schneider C, Haegebarth A,
Schatz CA, Fracasso PR, Wilkie DP, Hentemann M, Wilhelm
SM, Scott WJ, Mumberg D, Ziegelbauer K. BAY 80-6946 is a
highly selective intravenous PI3K inhibitor with potent p110α
and p110δ activities in tumor cell lines and xenograft models.

November 21, 2015|Volume 21|Issue 43|

Singh SS et al . PI3K pathway dysregulation and gastric cancer

73

74

75

76

77

78

79

80

81

82

83

84

85

Mol Cancer Ther 2013; 12: 2319-2330 [PMID: 24170767 DOI:
10.1158/1535-7163.MCT-12-0993-T]
Furet P, Guagnano V, Fairhurst RA, Imbach-Weese P, Bruce I,
Knapp M, Fritsch C, Blasco F, Blanz J, Aichholz R, Hamon J,
Fabbro D, Caravatti G. Discovery of NVP-BYL719 a potent and
selective phosphatidylinositol-3 kinase alpha inhibitor selected for
clinical evaluation. Bioorg Med Chem Lett 2013; 23: 3741-3748
[PMID: 23726034 DOI: 10.1016/j.bmcl.2013.05.007]
Garrett JT, Sutton CR, Kurupi R, Bialucha CU, Ettenberg
SA, Collins SD, Sheng Q, Wallweber J, Defazio-Eli L, Arteaga
CL. Combination of antibody that inhibits ligand-independent
HER3 dimerization and a p110α inhibitor potently blocks PI3K
signaling and growth of HER2+ breast cancers. Cancer Res 2013;
73: 6013-6023 [PMID: 23918797 DOI: 10.1158/0008-5472.
CAN-13-1191]
Wainberg ZA, Anghel A, Rogers AM, Desai AJ, Kalous O,
Conklin D, Ayala R, O’Brien NA, Quadt C, Akimov M, Slamon
DJ, Finn RS. Inhibition of HSP90 with AUY922 induces synergy
in HER2-amplified trastuzumab-resistant breast and gastric cancer.
Mol Cancer Ther 2013; 12: 509-519 [PMID: 23395886 DOI:
10.1158/1535-7163.MCT-12-0507]
Thorpe LM, Yuzugullu H, Zhao JJ. PI3K in cancer: divergent
roles of isoforms, modes of activation and therapeutic targeting.
Nat Rev Cancer 2015; 15: 7-24 [PMID: 25533673 DOI: 10.1038/
nrc3860]
Burris HA. Overcoming acquired resistance to anticancer therapy:
focus on the PI3K/AKT/mTOR pathway. Cancer Chemother
Pharmacol 2013; 71: 829-842 [PMID: 23377372 DOI: 10.1007/
s00280-012-2043-3]
Kuger S, Cörek E, Polat B, Kämmerer U, Flentje M,
Djuzenova CS. Novel PI3K and mTOR Inhibitor NVP-BEZ235
Radiosensitizes Breast Cancer Cell Lines under Normoxic and
Hypoxic Conditions. Breast Cancer (Auckl) 2014; 8: 39-49 [PMID:
24678241 DOI: 10.4137/BCBCR.S13693]
Fuereder T, Wanek T, Pflegerl P, Jaeger-Lansky A, Hoeflmayer D,
Strommer S, Kuntner C, Wrba F, Werzowa J, Hejna M, Müller M,
Langer O, Wacheck V. Gastric cancer growth control by BEZ235
in vivo does not correlate with PI3K/mTOR target inhibition but
with [18F]FLT uptake. Clin Cancer Res 2011; 17: 5322-5332
[PMID: 21712451 DOI: 10.1158/1078-0432.CCR-10-1659]
Janku F, Tsimberidou AM, Garrido-Laguna I, Wang X, Luthra
R, Hong DS, Naing A, Falchook GS, Moroney JW, Piha-Paul SA,
Wheler JJ, Moulder SL, Fu S, Kurzrock R. PIK3CA mutations in
patients with advanced cancers treated with PI3K/AKT/mTOR axis
inhibitors. Mol Cancer Ther 2011; 10: 558-565 [PMID: 21216929
DOI: 10.1158/1535-7163.MCT-10-0994]
Zhang CΗ, Awasthi N, Schwarz MA, Schwarz RE. The dual PI3K/
mTOR inhibitor NVP-BEZ235 enhances nab-paclitaxel antitumor
response in experimental gastric cancer. Int J Oncol 2013; 43:
1627-1635 [PMID: 24042258 DOI: 10.3892/ijo.2013.2099]
Hart S, Novotny-Diermayr V, Goh KC, Williams M, Tan YC,
Ong LC, Cheong A, Ng BK, Amalini C, Madan B, Nagaraj H,
Jayaraman R, Pasha KM, Ethirajulu K, Chng WJ, Mustafa N, Goh
BC, Benes C, McDermott U, Garnett M, Dymock B, Wood JM.
VS-5584, a novel and highly selective PI3K/mTOR kinase inhibitor
for the treatment of cancer. Mol Cancer Ther 2013; 12: 151-161
[PMID: 23270925 DOI: 10.1158/1535-7163.MCT-12-0466]
Bhattacharya B, Akram M, Balasubramanian I, Tam KK, Koh
KX, Yee MQ, Soong R. Pharmacologic synergy between dual
phosphoinositide-3-kinase and mammalian target of rapamycin
inhibition and 5-fluorouracil in PIK3CA mutant gastric cancer
cells. Cancer Biol Ther 2012; 13: 34-42 [PMID: 22336586 DOI:
10.4161/cbt.13.1.18437]
Cheng JQ, Ruggeri B, Klein WM, Sonoda G, Altomare DA,
Watson DK, Testa JR. Amplification of AKT2 in human pancreatic
cells and inhibition of AKT2 expression and tumorigenicity by
antisense RNA. Proc Natl Acad Sci USA 1996; 93: 3636-3641
[PMID: 8622988]
Hsieh AC, Truitt ML, Ruggero D. Oncogenic AKTivation of
translation as a therapeutic target. Br J Cancer 2011; 105: 329-336

WJG|www.wjgnet.com

86
87

88

89

90

91

92

93

94

95

96
97
98

99

12272

[PMID: 21772331 DOI: 10.1038/bjc.2011.241]
Song G, Ouyang G, Bao S. The activation of Akt/PKB signaling
pathway and cell survival. J Cell Mol Med 2005; 9: 59-71 [PMID:
15784165]
Whang YE, Yuan XJ, Liu Y, Majumder S, Lewis TD. Regulation
of sensitivity to TRAIL by the PTEN tumor suppressor. Vitam
Horm 2004; 67: 409-426 [PMID: 15110188 DOI: 10.1016/S00836729(04)67021-X]
Davies BR, Greenwood H, Dudley P, Crafter C, Yu DH, Zhang J,
Li J, Gao B, Ji Q, Maynard J, Ricketts SA, Cross D, Cosulich S,
Chresta CC, Page K, Yates J, Lane C, Watson R, Luke R, Ogilvie
D, Pass M. Preclinical pharmacology of AZD5363, an inhibitor of
AKT: pharmacodynamics, antitumor activity, and correlation of
monotherapy activity with genetic background. Mol Cancer Ther
2012; 11: 873-887 [PMID: 22294718 DOI: 10.1158/1535-7163.
MCT-11-0824-T]
Li J, Davies BR, Han S, Zhou M, Bai Y, Zhang J, Xu Y, Tang
L, Wang H, Liu YJ, Yin X, Ji Q, Yu DH. The AKT inhibitor
AZD5363 is selectively active in PI3KCA mutant gastric cancer,
and sensitizes a patient-derived gastric cancer xenograft model
with PTEN loss to Taxotere. J Transl Med 2013; 11: 241 [PMID:
24088382 DOI: 10.1186/1479-5876-11-241]
Hirai H, Sootome H, Nakatsuru Y, Miyama K, Taguchi S, Tsujioka
K, Ueno Y, Hatch H, Majumder PK, Pan BS, Kotani H. MK-2206,
an allosteric Akt inhibitor, enhances antitumor efficacy by standard
chemotherapeutic agents or molecular targeted drugs in vitro and
in vivo. Mol Cancer Ther 2010; 9: 1956-1967 [PMID: 20571069
DOI: 10.1158/1535-7163.MCT-09-1012]
Molife LR, Yan L, Vitfell-Rasmussen J, Zernhelt AM, Sullivan
DM, Cassier PA, Chen E, Biondo A, Tetteh E, Siu LL, Patnaik
A, Papadopoulos KP, de Bono JS, Tolcher AW, Minton S. Phase
1 trial of the oral AKT inhibitor MK-2206 plus carboplatin/
paclitaxel, docetaxel, or erlotinib in patients with advanced solid
tumors. J Hematol Oncol 2014; 7: 1 [PMID: 24387695 DOI:
10.1186/1756-8722-7-1]
Liang S, Guo R, Zhang Z, Liu D, Xu H, Xu Z, Wang X, Yang L.
Upregulation of the eIF4E signaling pathway contributes to the
progression of gastric cancer, and targeting eIF4E by perifosine
inhibits cell growth. Oncol Rep 2013; 29: 2422-2430 [PMID:
23588929 DOI: 10.3892/or.2013.2397]
Liu D, Sun Q, Liang S, Xu L, Luo X, Zhao X, Wang X, Yang L.
MicroRNA-27a inhibitors alone or in combination with perifosine
suppress the growth of gastric cancer cells. Mol Med Rep 2013; 7:
642-648 [PMID: 23175237 DOI: 10.3892/mmr.2012.1191]
Huang W, Yang L, Liang S, Liu D, Chen X, Ma Z, Zhai S, Li P,
Wang X. AEG-1 is a target of perifosine and is over-expressed in
gastric dysplasia and cancers. Dig Dis Sci 2013; 58: 2873-2880
[PMID: 23912246 DOI: 10.1007/s10620-013-2735-5]
Garrett CR, Coppola D, Wenham RM, Cubitt CL, Neuger AM,
Frost TJ, Lush RM, Sullivan DM, Cheng JQ, Sebti SM. Phase
I pharmacokinetic and pharmacodynamic study of triciribine
phosphate monohydrate, a small-molecule inhibitor of AKT
phosphorylation, in adult subjects with solid tumors containing
activated AKT. Invest New Drugs 2011; 29: 1381-1389 [PMID:
20644979 DOI: 10.1007/s10637-010-9479-2]
Shimobayashi M, Hall MN. Making new contacts: the mTOR
network in metabolism and signalling crosstalk. Nat Rev Mol Cell
Biol 2014; 15: 155-162 [PMID: 24556838 DOI: 10.1038/nrm3757]
Zhou H, Luo Y, Huang S. Updates of mTOR inhibitors. Anticancer
Agents Med Chem 2010; 10: 571-581 [PMID: 20812900]
Hidalgo M, Buckner JC, Erlichman C, Pollack MS, Boni JP, Dukart
G, Marshall B, Speicher L, Moore L, Rowinsky EK. A phase I and
pharmacokinetic study of temsirolimus (CCI-779) administered
intravenously daily for 5 days every 2 weeks to patients with
advanced cancer. Clin Cancer Res 2006; 12: 5755-5763 [PMID:
17020981 DOI: 10.1158/1078-0432.CCR-06-0118]
Ohtsu A, Ajani JA, Bai YX, Bang YJ, Chung HC, Pan HM,
Sahmoud T, Shen L, Yeh KH, Chin K, Muro K, Kim YH, Ferry
D, Tebbutt NC, Al-Batran SE, Smith H, Costantini C, Rizvi S,
Lebwohl D, Van Cutsem E. Everolimus for previously treated

November 21, 2015|Volume 21|Issue 43|

Singh SS et al . PI3K pathway dysregulation and gastric cancer

100

101

102

103

104

105

advanced gastric cancer: results of the randomized, double-blind,
phase III GRANITE-1 study. J Clin Oncol 2013; 31: 3935-3943
[PMID: 24043745 DOI: 10.1200/JCO.2012.48.3552]
Perotti A, Locatelli A, Sessa C, Hess D, Viganò L, Capri G, Maur
M, Cerny T, Cresta S, Rojo F, Albanell J, Marsoni S, Corradino
I, Berk L, Rivera VM, Haluska F, Gianni L. Phase IB study of
the mTOR inhibitor ridaforolimus with capecitabine. J Clin
Oncol 2010; 28: 4554-4561 [PMID: 20855840 DOI: 10.1200/
JCO.2009.27.5867]
Xing X, Zhang L, Wen X, Wang X, Cheng X, Du H, Hu Y, Li L,
Dong B, Li Z, Ji J. PP242 suppresses cell proliferation, metastasis,
and angiogenesis of gastric cancer through inhibition of the PI3K/
AKT/mTOR pathway. Anticancer Drugs 2014; 25: 1129-1140
[PMID: 25035961 DOI: 10.1097/CAD.0000000000000148]
Park JH, Ryu MH, Park YS, Park SR, Na YS, Rhoo BY, Kang YK.
Successful control of heavily pretreated metastatic gastric cancer
with the mTOR inhibitor everolimus (RAD001) in a patient with
PIK3CA mutation and pS6 overexpression. BMC Cancer 2015; 15:
119 [PMID: 25886409 DOI: 10.1186/s12885-015-1139-7]
Meric-Bernstam F, Akcakanat A, Chen H, Do KA, Sangai T,
Adkins F, Gonzalez-Angulo AM, Rashid A, Crosby K, Dong M,
Phan AT, Wolff RA, Gupta S, Mills GB, Yao J. PIK3CA/PTEN
mutations and Akt activation as markers of sensitivity to allosteric
mTOR inhibitors. Clin Cancer Res 2012; 18: 1777-1789 [PMID:
22422409 DOI: 10.1158/1078-0432.CCR-11-2123]
Janku F, Hong DS, Fu S, Piha-Paul SA, Naing A, Falchook GS,
Tsimberidou AM, Stepanek VM, Moulder SL, Lee JJ, Luthra
R, Zinner RG, Broaddus RR, Wheler JJ, Kurzrock R. Assessing
PIK3CA and PTEN in early-phase trials with PI3K/AKT/mTOR
inhibitors. Cell Rep 2014; 6: 377-387 [PMID: 24440717 DOI:
10.1016/j.celrep.2013.12.035]
Park S, Zhao D, Hatanpaa KJ, Mickey BE, Saha D, Boothman
DA, Story MD, Wong ET, Burma S, Georgescu MM, Rangnekar
VM, Chauncey SS, Habib AA. RIP1 activates PI3K-Akt via a
dual mechanism involving NF-kappaB-mediated inhibition of the

106

107

108
109

110

111

112

mTOR-S6K-IRS1 negative feedback loop and down-regulation of
PTEN. Cancer Res 2009; 69: 4107-4111 [PMID: 19435890 DOI:
10.1158/0008-5472.CAN-09-0474]
Shin EM, Hay HS, Lee MH, Goh JN, Tan TZ, Sen YP, Lim SW,
Yousef EM, Ong HT, Thike AA, Kong X, Wu Z, Mendoz E, Sun W,
Salto-Tellez M, Lim CT, Lobie PE, Lim YP, Yap CT, Zeng Q, Sethi
G, Lee MB, Tan P, Goh BC, Miller LD, Thiery JP, Zhu T, Gaboury
L, Tan PH, Hui KM, Yip GW, Miyamoto S, Kumar AP, Tergaonkar
V. DEAD-box helicase DP103 defines metastatic potential of
human breast cancers. J Clin Invest 2014; 124: 3807-3824 [PMID:
25083991 DOI: 10.1172/JCI73451]
Zhou BP, Liao Y, Xia W, Spohn B, Lee MH, Hung MC.
Cytoplasmic localization of p21Cip1/WAF1 by Akt-induced
phosphorylation in HER-2/neu-overexpressing cells. Nat Cell Biol
2001; 3: 245-252 [PMID: 11231573 DOI: 10.1038/35060032]
Gartel AL, Shchors K. Mechanisms of c-myc-mediated
transcriptional repression of growth arrest genes. Exp Cell Res 2003;
283: 17-21 [PMID: 12565816]
Baldin V, Theis-Febvre N, Benne C, Froment C, Cazales M,
Burlet-Schiltz O, Ducommun B. PKB/Akt phosphorylates the
CDC25B phosphatase and regulates its intracellular localisation.
Biol Cell 2003; 95: 547-554 [PMID: 14630392]
Katayama K, Fujita N, Tsuruo T. Akt/protein kinase B-dependent
phosphorylation and inactivation of WEE1Hu promote cell cycle
progression at G2/M transition. Mol Cell Biol 2005; 25: 5725-5737
[PMID: 15964826 DOI: 10.1128/MCB.25.13.5725-5737.2005]
Okumura E, Fukuhara T, Yoshida H, Hanada Si S, Kozutsumi
R, Mori M, Tachibana K, Kishimoto T. Akt inhibits Myt1 in the
signalling pathway that leads to meiotic G2/M-phase transition.
Nat Cell Biol 2002; 4: 111-116 [PMID: 11802161 DOI: 10.1038/
ncb741]
Maddika S, Ande SR, Wiechec E, Hansen LL, Wesselborg S,
Los M. Akt-mediated phosphorylation of CDK2 regulates its dual
role in cell cycle progression and apoptosis. J Cell Sci 2008; 121:
979-988 [PMID: 18354084 DOI: 10.1242/jcs.009530]
P- Reviewer: Wang XR S- Editor: Yu J L- Editor: A
E- Editor: Ma S

WJG|www.wjgnet.com

12273

November 21, 2015|Volume 21|Issue 43|

World J Gastroenterol 2015 November 21; 21(43): 12274-12282
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i43.12274

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2015 Advances in Inflammatory Bowel Disease

MicroRNA in inflammatory bowel disease: Translational
research and clinical implication
Kurt Fisher, Jingmei Lin
Kurt Fisher, Jingmei Lin, Department of Pathology and
Laboratory Medicine, Indiana University School of Medicine,
Indianapolis, IN 46202, United States
Author contributions: The authors contributed equally to this
work.
Conflict-of-interest statement: The authors have no conflicts of
interest to disclose.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Jingmei Lin, MD, PhD, Department of
Pathology and Laboratory Medicine, Indiana University School
of Medicine, 350 West 11th Street, Indianapolis, IN 46202,
United States. jinglin@iupui.edu
Telephone: +1-317-4916159
Fax: +1-317-4916419
Received: April 24, 2015
Peer-review started: April 24, 2015
First decision: July 20, 2015
Revised: August 4, 2015
Accepted: October 23, 2015
Article in press: October 26, 2015
Published online: November 21, 2015

Abstract
Idiopathic inflammatory bowel disease (IBD) pre
dominantly includes ulcerative colitis and Crohn’s
disease. The pathogenesis of IBD is complex and not
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completely understood. MicroRNAs belong to a class
of noncoding small RNAs that post-transcriptionally
regulate gene expression. Unique microRNA expression
profiles have been explored in IBD. In this review, we
focus on the unique microRNA expression pattern in
both tissue and peripheral blood from IBD patients and
emphasize the potential diagnostic and therapeutic
applications. The discovery of microRNAs has contri
buted to our understanding of IBD pathogenesis and
might lead to clinical advance in new therapeutics.
Key words: Inflammatory bowel disease; Ulcerative
colitis; Crohn’s disease; MicroRNA; Pathogenesis; Gene
expression
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of noncoding small RNAs that post-transcriptionally
regulate gene expression. Unique microRNA expression
profiles have been explored in IBD. In this review, we
focus on the unique microRNA expression pattern in
both tissue and peripheral blood from IBD patients and
emphasize the potential diagnostic and therapeutic
applications. The discovery of microRNAs has contri
buted to our understanding of IBD pathogenesis and
might lead to clinical advance in new therapeutics.
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INTRODUCTION
Idiopathic inflammatory bowel disease (IBD) predo
minantly includes ulcerative colitis (UC) and Crohn’s disease
(CD), which is a chronic and recurrent inflammatory
disorder primarily involving the gastrointestinal tract.
The pathogenesis of IBD is multifactorial and not
completely understood, but genetic, epigenetic, infec
tious, physiological, and immunological factors may all
play important roles in the genesis and progression of
[1-3]
the diseases . So far, IBD is generally accepted as a
complicated consequence attributable to inadequate
immunological responses to luminal factors in gene
tically predisposed subjects.
MicroRNAs are encoded within the genomes of a
wide variety of eukaryotes, including more than 700
[4,5]
different microRNA genes in the human genome .
MicroRNAs are evolutionarily conserved, singlestranded non-coding RNA molecules of 19-24 nucle
otides, which represent a class of regulatory RNAs
that decrease stability and suppress gene expression
at a post-transcriptional level. MicroRNAs concurrently
modulate the expression levels of dozens or more
distinct messenger RNA (mRNA) targets. Alternatively,
any given mRNA sequence may be targeted by several
[4-6]
different microRNAs
. To date, they have been
predicted to target and control the expression of at
[7]
least 30% of the entire mammalian genome . Since
their discovery in 1933, microRNAs have been found to
[8,9]
be involved in multiple pathophysiological networks
and in the pathogenesis of a broad-spectrum of human
[10-15]
diseases, including cancer and inflammation
. Given
their potential as therapeutic targets, microRNAs have
drawn a lot of attention recently.
Knowledge of microRNA in IBD has accumulated in
the past seven years and has indicated that microRNAs
play critical roles in the pathogenesis of chronic inflam
mation and oncogenic transformation. Herein, the
review focuses on the current understanding of micro
RNA as biomarkers of pathogenesis and potential
therapeutic implication in IBD.

DYSREGULATED MICRORNAS IN IBD
Multiple studies have demonstrated distinct microRNA
expression profiles in tissue and peripheral blood of
IBD patients. Many studies have been conducted on
tissue and serum of patients with active or inactive
IBD in an attempt to identify biomarkers and drivers of
pathogenesis.

Aberrant microRNA profiles in mucosal tissue of UC

Since 2008, dysregulated microRNAs have been
identified by examining inflamed or uninflamed
[16-25]
colonic tissue in UC patients
. As listed in Table
1, comparing to normal healthy controls aberrantly
elevated microRNAs have been found including miR-7,
miR-16, miR-20b, miR-21, miR-23a, miR-24, miR-29a,
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miR-29b, miR-31, miR-98, miR-125b-1*, miR-126,
miR-126*, miR-127-3p, miR-135b, miR-146a,
miR-150, miR-155, miR-195, miR-196a, miR-206,
miR-223, miR-324-3p, miR-375, miR-422b, miR-548a3p, miR-650, miR-663, miR-let-7e*, and miR-let-7f.
The decreased microRNAs include miR-143, miR-145,
miR-188-5p, miR-192, miR-194b, miR-196b, miR-215,
miR-216b, miR-320a, miR-346, miR-375, miR-489,
miR-548e, miR-559, and miR-630.
Given the variable anatomic location of colonic
tissue, the diverse inflammatory status (either
inflamed or uninflamed with or without treatment),
the different cohorts of healthy control and analytical
systems, it is not surprising that the findings are
not consistent among researchers. However, three
[16-18,24]
[16,19]
microRNA candidates, miR-21
, miR-29a
and
[19,23]
miR-31
, have been found aberrantly elevated by
at least two independent groups.

Aberrant microRNA profiles in mucosal tissue of CD

As shown in Table 2, distinct microRNA expression
profiles have also been studied in patients with
[19,23,25-29]
CD
. MiR-9, miR-9*, miR-16, miR-21, miR-22,
miR-23b, miR-26a, miR-29b, miR-29c, miR-30a,
miR-30b, miR-30c, miR-31, miR-34c-5p, miR-106a,
miR-126, miR-126*, miR-127-3p, miR-130a, miR133b, miR-141, miR-146a, miR-146b-5p, miR-150,
miR-155, miR-181c, miR-191, miR-196, miR-196a,
miR-206, miR-223, miR-324-3p, miR-375, miR-594
and miR-663 have been found significantly increased
[19,23,26,28,29]
comparing to the normal controls
. The
decreased microRNAs include miR-7, miR-18a*, miR19b, miR140-3p, miR-194b, miR-216b, miR-548e,
[23,27,30]
miR-559, miR-629, miR-629*, and miR-let-7b
.
[19,26]
[19,23,29]
Among them, miR-21
, miR-31
, miR[19,26]
[19,23]
[19,26]
106a
, miR-146a
, and miR-223
have
been found dysregulated by at least two independent
groups.

Aberrant microRNA in peripheral blood of UC

As summarized in Table 3, microRNA expression is
also altered in the peripheral blood in patients with
[24,25,31-34]
UC
. In studies examining microRNAs in
peripheral blood mononuclear cells of patients with
either active or inactive UC, miR-15b, miR-16, miR19a, miR-20b*, miR-21, miR-22, miR-24, miR-27a,
miR-27a*, miR-28-3p, miR-28-5p, miR-29a, miR-30e,
miR-31, miR-92a-1*, miR-93, miR-103, miR-103-2,
miR-103-2*, miR-128, miR-138, miR-140-3p, miR142-5p, miR-143*, miR-146a-3p, miR-150*, miR151-5p, miR-155, miR-181b, miR-188-5p, miR-196b,
miR-199a-3p, miR-199a-5p, miR-221, miR-223, miR330-3p, miR-340*, miR-345, miR-362-3p, miR-3625p, miR-374b, miR-378, miR-378*, miR-422a, miR423-5p, miR-500, miR-501-5p, miR-532-3p, miR532-5p, miR-550*, miR-598, miR-720, miR-760,
miR-769-3p, miR-769-5p, miR-874, miR-941,
miR-1271, miR-1274b, miR-1296, miR-let-7d, miR-
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Table 1 Aberrant microRNA expression in human colonic tissue in ulcerative colitis
Status
Active UC

Active or inactive UC
Inactive UC

Unknown
Active UC

Tissue type

Control

Sigmoid, n = 15

Healthy

Aberrant microRNA expression

Decreased: miR-192 and 375
Increased: miR-16, 21, 23a, 24, 29a, 126, 195, 422b and let-7f
Sigmoid, n = 12
Healthy Increased: miR-21 and 155
Sigmoid, n = 12
Healthy Increased: miR-21 and 126
Colon, nonspecific, n = 10
Healthy Decreased: miR-188-5p, 215, 320a and 346
Increased: miR-7, 31, 135b and 223
Colon, nonspecific, n = 5
Healthy Increased: miR-150
Colon, nonspecific, n = 8
Healthy Decreased: miR-143 and 145
Colon, nonspecific, n = 20
Healthy Increased: miR-20b, 98 and let-7e*
Colon, distalmost, n = 10
Healthy Decreased: miR-194b, 216b, 548e and 559
Increased: miR-31, 146a, 206 and 663
Sigmoid, n = 15
Healthy Increased: miR-16, 23a, 24, 29a, 375 and 422b
Colon, nonspecific, n = 8
Healthy Decreased: miR-188-5p, 215, 320a and 346
Increased: miR-29a, 29b, 126*, 127-3p, 196a and 324-3p
Colon, nonspecific, n = 19
Healthy Increased: miR-20b and 125b-1*
Colon, nonspecific, n = 15
Healthy Increased: miR-21
Colon, nonspecific, n = 20 Inactive UC Increased: miR-98
Colon, left or sigmoid, n = 9 Inactive UC Decreased: miR-196b, 489 and 630
Increased: miR-548a-3p and 650

Ref.
Wu et al[16], 2008
Takagi et al[17], 2010
Feng et al[18], 2012
Fasseu et al[19], 2010
Bian et al[20], 2011
Pekow et al[21], 2012
Coskun et al[22], 2013
Lin et al[23], 2014
Wu et al[16], 2008
Fasseu et al[19], 2010
Coskun et al[22], 2013
Yang et al[24], 2013
Coskun et al[22], 2013
Iborra et al[25], 2013

UC: Ulcerative colitis.

Table 2 Aberrant microRNA expression in human colonic tissue in Crohn’s disease
Status
Active CD

Tissue type

Control

Sigmoid, n = 5

Healthy

Terminal ileum, n = 6
Colon, nonspecific, n = 16

Active and
inactive CD

Colon, nonspecific, n = 8
Colon, nonspecific, n = 120
Colon, nonspecific, n = 15
Colon, distalmost, n = 9

Inactive CD

Colon, nonspecific, n = 8

Active CD

Colon, left or sigmoid, n = 9

Aberrant microRNA expression

Decreased: miR-19b and 629
Increased: miR-23b, 106a and 191
Healthy
Increased: miR-16, 21, 223, and 594
Healthy
Increased: miR-9, 21, 22, 26a, 29b, 29c, 30b, 31, 34c-5p, 106a, 126, 126*,
127-3p, 130a, 133b, 146a, 146b-5p, 150, 155, 181c, 196a, 324-3p and 375
Healthy
Decreased: miR-7
Healthy
Increased: miR-196
Healthy
Increased: miR-31 and 141
Healthy
Decreased: miR-194b, 216b, 548e and 559
Increased: miR-31, 146a, 206 and 663
Healthy
Increased: miR-9*, 21, 22, 26a, 29b, 29c, 30a*, 30b, 30c, 31, 34c-5p, 106a,
126*, 127-3p, 133b, 146a, 146b-5p, 150, 155, 196a, 223 and 324-3p
Inactive CD Decreased: miR-18a*, 140-3p, 629* and let-7b
Increased: miR-328, 422a and 885-5p

Ref.
Wu et al[26], 2010
Wu et al[26], 2010
Fasseu et al[19], 2010
Nguyen et al[27], 2010
Brest et al[28], 2011
Huang et al[29], 2015
Lin et al[23], 2014
Fasseu et al[19], 2010
Iborra et al[25], 2013

CD: Crohn’s disease; UC: Ulcerative colitis.

let-7e, miR-let-7g, miR-let-7i*, and miR-plus-E1271
are increasingly expressed comparing to the normal
[24,25,31-34]
population
. The decreased profiles include
miR-150 and miR-505* comparing to the normal
[25,31,33]
controls
.
[24,32]
Among them, nine microRNAs, miR-21
, miR[31,32]
[31,32]
[31,32]
28-5p
, miR-151-5p
, miR-199a-5p
,
[25,34]
[31,33]
[31,33]
miR-345
, miR-362-3p
, miR-505*
, miR-532[31,33]
[25,34]
3p
and miR-532-5p
, have been recognized by at
least two independent groups.

Aberrant microRNA in peripheral blood of CD

As listed in Table 4, altered microRNA expression
profiles are also found in the peripheral blood in
[25,31-33]
patients with CD
. Compared to healthy controls,
the increased microRNA profiles in the serum of
patients with active CD include miR-16, miR-20a,
miR-21, miR-23a, miR-27a*, miR-29a, miR-30e,
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miR-93, miR-106a, miR-107, miR-126, miR-140, miR140-3p, miR-140-5p, miR-188-5p, miR-191, miR-192,
miR-195, miR-199a-5p, miR-200c, miR-340*, miR-3623p, miR-484, miR-532-3p, miR-877, miR-plus-E1271,
and miR-let-7b. The significantly decreased microRNAs
consist of miR-18a, miR-128, miR-140-5p, miR-145,
miR-149*, miR-877, and miR-plus-F1065.
Among them, six microRNAs, including miR-16[25,32,33],
[32,33]
[25,33]
[31,32]
miR-106a
, miR-195
, miR-199a-5p
, miR[31,32]
[31,32]
362-3p
, and miR-532-3p
, have been found by
at least two independent groups.

MicroRNA as a differential biomarker to distinguish
between UC and CD

As shown in Table 5, studies have shown that micro
RNAs are differentially expressed between UC and
[19,31,35]
CD
. The panel of microRNAs that have been
found differentially expressed in colonic tissue includes

12276

November 21, 2015|Volume 21|Issue 43|

Fisher K et al . microRNA in inflammatory bowel disease
Table 3 Aberrant microRNA expression in human peripheral blood in ulcerative colitis
Status
Active UC

Active and
inactive UC

Tissue type
Peripheral blood, n = 13

Peripheral blood, n = 88
Peripheral blood, n = 18

Inactive UC

Peripheral blood, n = 13

Inactive UC

Peripheral blood, n = 10

Unknown

Peripheral blood, n = 20

Peripheral blood, n = 15

Control

Aberrant microRNA expression

Ref.

Healthy Decreased: miR-505*
Wu et al[31], 2011
Increased: miR-28-5p, 103-2*,151-5p, 199a-5p, 340*, 362-3p, 532-3p and
plus-E1271
Healthy Increased: miR-16, 21, 28-5p, 151-5p, 155 and 199a-5p
Paraskevi et al[32], 2012
Healthy Decreased: miR-150
Iborra et al[25], 2013
Increased: miR-15b, 19a, 24, 27a, 28-3p, 29a, 30e, 93, 103, 128, 142-5p, 196b,
199a-3p, 221, 223, 345, 374b, 423-5P, 532-5p, 598, 760, let-7d, let-7e and let-7g
Healthy Decreased: miR-505*
Zahm et al[33], 2011
Increased: miR-103-2, 362-3p and 532-3p
Healthy Decreased: miR-505*
Wu et al[31], 2011
Increased: miR-103-2*, 362-3p and 532-3p
Healthy Increased: miR-20b*, 22, 27a*, 31, 92a-1*, 138, 140-3p, 143*, 146a-3p,
Duttagupta et al[34], 2012
150*,181b, 188-5p, 330-3p, 362-5p, 345, 378, 378*,422a, 500, 501-5p, 532-5p,
550*, 720, 769-3p, 769-5p, 874, 941, 1271, 1274b, 1296 and let-7i*
Healthy Increased: miR-21
Yang et al[24], 2013

UC: Ulcerative colitis.

Table 4 Aberrant microRNA expression in human peripheral blood in Crohn’s disease
Status
Active CD

Tissue type

Control

Peripheral blood, n = 14

Healthy

Peripheral blood, n = 46
Peripheral blood, n = 128
Active and
inactive CD
Inactive CD

Peripheral blood, n = 18

Active CD

Peripheral blood, n = 9

Peripheral blood, n = 5

Aberrant microRNA expression

Decreased: miR-149* and plus-F1065
Increased: miR-199a-5p, 340*, 362-3p, 532-3p and plus-E1271
Healthy
Increased: miR-16, 20a, 21, 30e, 93, 106a, 140, 192, 195, 484 and let-7b
Healthy
Increased: miR-16, 23a, 29a, 106a, 107, 126, 191, 199a-5p, 200c, 362-3p
and 532-3p
Healthy
Decreased: miR-877
Increased: miR-16, 27a*, 140-3p, 140-5p and 195
Healthy
Decreased: miR-149*
Increased: miR-340*
Inactive CD Decreased: miR-18a, 128, 140-5p and 145
Increased: miR-188-5p and 877

Ref.
Wu et al[31], 2011
Zahm et al[33], 2011
Paraskevi et al[32], 2012
Iborra et al[25], 2013
Wu et al[31], 2011
Iborra et al[25], 2013

CD: Crohn’s disease; UC: Ulcerative colitis.

Table 5 Differential microRNA expression between ulcerative colitis and Crohn’s disease
Status

Tissue type

Control

Inactive UC
Active or inactive UC

Colon, nonspecific, n = 8
Colon, distalmost, n = 12

Active UC

Peripheral blood, n = 13

Inactive CD
Active or
Inactive CD
Active CD

Aberrant microRNA expression
Decreased: miR-100a-3p, 100b-5p, 150, 196b, 223 and 320a
Increased: miR-19b, 23b, 106a, 191 and 629
Increased: miR-3180-3p, plus-E1035 and plus-F1159

Ref.
Fasseu et al[19], 2010
Lin et al[35], 2013
Wu et al[31], 2011

CD: Crohn’s disease; UC: Ulcerative colitis.

miR-19b, miR-23b, miR-100a-3p, miR-100b-5p, miR106a, miR-150, miR-191, miR-196b, miR-223, miR[19,35]
320a, and miR-629
. Wu and colleagues found
three microRNAs (miR-3180-3p, miR-plus-E1035
and miR-plus-F1159) differentially expressed in the
[31]
peripheral blood between UC and CD . Although at
least two groups have developed tissue microRNA
panels that attempted to delineate between UC and
CD, there is little overlap. Importantly, these studies
vary in the activity status of IBD during sampling,
which may explain the differences seen by independent
groups.
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MicroRNA in indeterminate IBD

A diagnosis of idiopathic IBD requires comprehensive
analysis of clinical, radiographic, endoscopic, surgical,
and histologic data. While most cases of IBD can be
specifically classified as either UC or CD, 5%-10%
of IBD patients bear equivocal features, falling into
[36-38]
the category of indeterminate colitis
. The ability
to better classify cases of indeterminate colitis would
allow for better clinical and surgical management
of these patients, especially regarding the choice of
pouch procedure.
In a study by Lin and colleagues, a panel of miR-
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19b, miR-23b, miR-106a, miR-191 and miR-629,
was evaluated in 16 patients with clinical diagnosis
of indeterminate colitis. They found that 15 patients
demonstrated UC-like and one CD-like microRNA
[35]
expression patterns . They concluded that microRNA
expression pattern in indeterminate colitis are far more
similar to those of UC than CD. The study of microRNA
expression pattern in indeterminate colitis provides
molecular evidence indicating that most indeterminate
colitis are probably UC, rather than CD, which is
similar to the data from long-term clinical followups. Molecular testing using microRNA as promising
markers to improve the classification of indeterminate
IBD has the considerable advantage of being testable
at the time of colectomy for improved pouch surgery
selection. Before being used as a clinically validate test,
clinical validation in large samples of indeterminate
colitis patients, especially with correlation to pouch
prognosis, is a necessity.

MICRORNA AS A POTENTIAL DRIVER OF
PATHOGENESIS
Despite the heterogeneity of microRNAs identified
as deregulated in IBD, a few microRNAs confirm in
multiple studies and may represent causative agents in
disease development. Here we focus on the microRNA
with the best evidence as driver of pathogenesis.

MiR-21 potentiates disease severity in IBD

As discussed above, miR-21 has been identified as
being upregulated in active UC and CD, consistent
[16-18,24]
with its possible role in the pathogenesis of IBD
.
In vitro experiments have shown that the genetic
deletion of DNMT1 and DNMT3b caused dysregulation
of approximately 10% of microRNAs, demonstrating
[39]
tight regulation by DNA methylation . The use of
microarray and confirmatory pyrosequencing have
shown the miR-21 locus is hypomethylated, and
therefore overexpressed, in samples of peripheral
[40]
blood in active CD in pediatric and adult patients .
To determine if miR-21 was a potential driver of IBD
pathogenesis, a miR-21 knockout mouse model was
developed and treated with dextran sodium sulphate
(DSS) to induce a chronic colitis model with an
elevation of tumor necrosis factor alpha (TNF-α) that
[41]
mimics human IBD . In wild type mice, the addition
of DSS caused a significant increase in miR-21 levels, a
dramatic reduction in weight, and significant mortality
while the miR-21 knockout mice were resistant to
these negative effects, which supports a role of miR-21
in IBD pathogenesis.
The pathogenic effects of miR-21 overexpressing
are thought to be mediated through at least 3 separate
mechanisms. First, miR-21 is thought to cause
increased intestinal permeability, a factor thought to
initiate IBD. At baseline, no difference in intestinal
permeability was seen between wild type and miR-21
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[41]

knockout mice . After treatment with DSS, intestinal
permeability was greater in wild type mice than that
of miR-21 knockout strain. Secondly, miR-21 is proapoptotic. Although the mechanism has not been
elucidated, miR-21 knockout mice treated with DSS
[41]
had less intestinal epithelial cell apoptosis . Prevention
of epithelial cell apoptosis may help maintain the
epithelial cell barrier and limit inflammation and
disease progression. Thirdly, interstitial fibrosis is a
hallmark of IBD and miR-21 has been associated with
fibrosis in multiple disease models. Mouse models of
renal fibrosis have shown that cellular injury leads to
increased levels of TNF-α and subsequent induction
[42]
of miR-21 . Inhibition of miR-21 prevented fibrosis,
presumably through preventing the recruitment of
[42]
pro-fibrotic inflammatory cells . Increased serum
levels of miR-21 were seen in humans with idiopathic
pulmonary fibrosis and may serve as a non-invasive
[43]
biomarker for disease progression . Analysis of
serum and hepatic tissue from patients with cirrhosis
has also shown that increased miR-21 levels are
[44]
associated with levels of fibrosis . Although miR-21
has not been experimentally linked to fibrosis in IBD
yet, its role deserves further study. Interestingly,
miR-21 expression was found to be high in IBDassociated dysplasia suggesting that its expression is
maintained throughout the development of dysplasia
and carcinogenesis, but more controlled studies are
[45]
needed to define its role .

MICRORNA AS A POTENTIAL
BIOMARKER FOR CARCINOGENESIS
Longstanding IBD is a well-known risk factor for
colorectal cancer, although mechanisms of carcino
[46,47]
genesis are poorly unknown
. Studies have shown
that the risk of IBD-associated colon cancer is related
to the extent of the disease, severity of inflammation,
[48-50]
and duration
. With chronic inflammation, colonic
epithelium undergoes a transformation from inflamed,
but not dysplastic to progressively dysplastic, and
eventually to adenocarcinoma. Colonoscopies with
surveillance biopsies for IBD-associated dysplasia
are used to help guide surgical timing of colectomies.
Although histologic examination can reproducibly
identify dysplasia, IBD-associated dysplasia cannot
be distinguished from sporadic dysplasia based on
histologic appearance alone. Histologic examination
of IBD-associated adenocarcinomas has characteristic
features and demographics which may indicate a
[51]
specific pathway to carcinogenesis . Molecular
alterations have been shown to lead to this histological
[52-58]
progression
. Previous studies have demonstrated
molecular abnormalities in normal-appearing nondysplastic mucosa from patients with UC who had
[55-57,59-61]
a remote dysplastic lesion
. Aneuploidy,
chromosomal alterations, p53 mutation, loss of hetero
zygosity, and chromosome instability are present in

12278

November 21, 2015|Volume 21|Issue 43|

Fisher K et al . microRNA in inflammatory bowel disease
normal-appearing mucosa before the development of
[55-57,59-61]
dysplasia
.
Studies of microRNAs may elucidate distinct
pathways that may help reliably identified IBDassociated dysplasia and subsequent carcinogenesis.
Recent studies demonstrate that microRNAs are
largely involved in oncogenesis via their regulation
[62]
of tumor suppressors and oncogenes . In a study
[63]
by Olaru et al , microRNA arrays were performed
on tissue from eight patients with IBD-associated
dysplasia. Twenty two microRNAs (miR-31, miR-31*,
miR-96, miR-135b, miR-141, miR-183, miR-192,
miR-192*, miR-194, miR-194*, miR-200a, miR200a*, miR-200b, miR-200b*, miR-200c, miR-203,
miR-215, miR-224, miR-375, miR-424*, miR-429,
and miR-552) were significantly upregulated and 10
microRNAs (miR-122, miR-139-5p, miR-142-3p, miR146b-5p, miR-155, miR-223, miR-490-2p, miR-5015p, miR-892b, and miR-1288) were downregulated in
dysplastic epithelium compared to the non-dysplastic
inflamed tissue.

MiR-31 identifies IBD-associated dysplasia

MiR-31 is upregulated in UC and CD, but not in other
non-IBD colitis, such as microscopic colitis, that have
[64]
no association with dysplasia or malignancy . As
early as 2007, miR-31 was found to be upregulated in
[65-67]
sporadic colorectal adenocarcinomas
. However,
the role of miR-31 in IBD-associated dysplasia or
malignancy has only recently been examined. An
assessment of the baseline miR-31 expression in
normal tissue regardless the different anatomic
locations of the colon allows for comparison of all
[63]
colon specimens equally . In addition, no difference
of miR-31 expression level was seen between IBDassociated dysplasia and IBD-associated carcinomas.
Importantly, the levels of miR-31 were found 11-fold
higher in IBD-associated dysplasia or carcinoma when
[63]
compared to that of IBD tissue without dysplasia .
Although in a smaller study set, these findings were
not replicated and a link between microRNAs and p53
[68]
dysregulation was indicated
Taken together, these
findings suggest that miR-31 alteration might happen
early in carcinogenesis and may be used a biomarker
for IBD-associated dysplasia or malignancy.

MICRORNA AS POTENTIAL
THERAPEUTIC TARGETS FOR IBD
Understanding the underlying mechanisms that
regulate gene expression and the complex interplay
of factors is essential to develop novel therapeutics
in IBD. The post-transcriptional regulation of gene
expression is unique and is becoming increasingly
important.
The ability of microRNAs to target multiple genes
and biological signaling pathways has drawn great
attention in potential clinical utility as innovative

WJG|www.wjgnet.com

therapeutic agents in treatment. Antisense oligo
nucleotides complementary to microRNAs, namely
anti-microRNA oligonucleotides, can target specific
microRNAs abolishing their function in in vitro cultured
cells, or in vivo in animal models. For example in the
achievement of cancer research, recent accumulating
preclinical studies have shown the feasibility of
slowing tumor progression by either overexpressing
tumor suppressive microRNAs, or by neutralizing the
activities of oncogenic microRNAs in cell- or animal[69-72]
based cancer models
. In addition, a number of
clinical drugs have shown to modulate the microRNA
[73,74]
expression as anticancer effect in vitro
.
Particularly in the field of IBD, the mechanisms to
modify microRNAs that might activate or inactivate
pathways required for the inflammation progress are
worth investigating. Potential therapeutic application
targeted on microRNA is to block inflammatory
progression to improve sensitivity to conventional
therapies. The pharmacologic targeted tissue delivery
consists of two general strategies: (1) antisense
oligonucleotides complementary to specific mature
microRNAs to inactivate the overexpressed proinflammatory process; and (2) to replace the expression
of suppressive microRNAs.
To date, no therapeutic manipulation of microRNAs
in IBD has been published in either cell lines or animal
models yet. Although recent study has shown that
inhibition of miR-21, a promising pathogenetic driver
in IBD, slows the proliferation and progression in a
[75]
nasopharyngeal carcinoma cell line . The similar
approach is expected to be tested in IBD cell line
or animal model. Although side effects are another
essential issue to be considered before an effective
drug enters the markets, we can’t help speculating
that a new therapeutic concept, targeted microRNA
drug for IBD, maybe emerges in the near future.

DILEMMAS
During the past 7 years, the identification of microRNA
in IBD has broadened our knowledge. However,
the lack of a standardized approach often leads to
inconsistent or even conflicting results.
The nomenclature for microRNA has continued to
[8,9]
evolve since its discovery in 1993 . MicroRNAs were
named in the order they were discovered, leading to
identical microRNAs being given different names by
different groups. As the microRNA field continues to
expand, significant efforts have been made to clarify
nomenclature using a unified system. Recent data
added from deep genome sequencing has pushed the
number of annotated microRNAs to roughly 1900 in
the most recently nomenclature database, miRBase
[76]
version 21 . The complicated historical nomenclature
of microRNA makes literature evaluation difficult and
diligent effort to confirm sequence identity of each in
the literature must be made.
One of the most commonly encountered problems
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is when we attempt to verify microRNA’s role in IBD
pathogenesis. Recent developments in microarrays
have led to numerous attempts to identify microRNAs
associated with a diverse set of disease processes.
Despite the ability of candidate microRNAs to be
validated by additional RT-PCR, there has been little
reproducibility between groups. Differences in samples
obtained from various anatomic locations, treatment
regimens, and activity level of disease may account
for discrepancies seen between studies. Additionally,
microRNAs with the same sequence identity are given
modifiers in their name based on their location within
the genome. Most techniques do not distinguish
microRNAs that have the same sequence but at
[76]
different locations in the genome . A more clear
understanding of the genetic loci associated with micro
RNAs can provide insight into how they are regulated
and become deregulated in pathogenesis.
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CONCLUSION
In summary, the accumulating knowledge of microRNA
has significantly expanded our understanding of
the pathogenesis of IBD and has demonstrated the
usefulness of microRNAs as biomarkers with emerging
clinical utility and the potential for personalized
therapies.
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Abstract
CD4 T helper (Th) cell differentiation into distinct T
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cell subsets is critical to the normal function of the
immune system. Until recently, the paradigm held that
naïve T cells differentiated into distinct subsets under
the guidance of environmental cues (e.g. , cytokines)
and that once polarized, these cells were committed
to a particular functional state. However, the existence
of transdifferentiated T cell populations, which
express signature transcription factors and cytokines
associated with more than one Th subset, challenges
the immutability of T helper subsets and suggests that
plasticity is a feature of multifaceted immune responses.
How this process impacts immune dysregulation in
diseases such as inflammatory bowel diseases (IBD)
and the machinery that underlies this process is far
from fully understood. Interleukin (IL)-17 secreting
helper T (Th17) cells have been heavily implicated in
tissue-specific immune pathology including murine
models of IBD, human Crohn’s disease and ulcerative
colitis. Plasticity within this subset is suggested by
the existence of IL-17 secreting cells, which, can also
secrete interferon-γ, the signature cytokine for Th1 cells
or, can co-express the anti-inflammatory transcription
factor forkhead box p3, a signature transcription factor
of regulatory T cells. In this review we mainly discuss
evidence for Th17 plasticity, mechanisms, which govern
it, and highlight the potential to therapeutically target
this process in human IBD.

Core tip: Recently, two innovative clinical failures in
inflammatory bowel disease which sought to manipulate
T helper (Th) subsets via either transplantation of
regulatory T cells or interleukin-17 blockade using
secukinumab, suggest that altering the balance between
inflammatory and regulatory subsets in inflammatory
bowel diseases (IBD) may be more complex than
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previously thought. One reason may be the flexible
nature of T helper subset commitment, otherwise
referred to as plasticity. Here we discuss plasticity
between regulatory and inflammatory subsets in T
+
helper CD4 cells, especially Th17 cell subset, and the
potential to therapeutically target this process in human
IBD.
Ueno A, Ghosh A, Hung D, Li J, Jijon H. Th17 plasticity and its
changes associated with inflammatory bowel disease. World J
Gastroenterol 2015; 21(43): 12283-12295 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i43/12283.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i43.12283

INTRODUCTION
The spectrum of immune-mediated disease en
compasses a wide variety of chronic inflammatory
conditions such as inflammatory bowel disease (IBD)
comprised of Crohn’s disease (CD), and ulcerative
colitis (UC) as well as rheumatoid arthritis (RA),
multiple sclerosis, and psoriasis. Although the under
lying triggers remain poorly understood, it is now
clear that T cells are essential to the development
[1-3]
and perpetuation of these diseases
. Since the
landmark description of functionally distinct T helper
+
1 (Th1) and Th2 CD4 effector subsets, each with
[4]
unique cytokine profiles , much work has focussed
on dissecting their roles in both health and disease.
The spotlight has recently been drawn to a novel
subset, the Th17 cell, so named due to its ability to
secrete interleukin (IL)-17A, which has emerged as
a major player in tissue-specific immune pathology.
The initial emphasis on the detrimental effects of
Th17 is reflected by the plethora of early literature
supporting such a role in both human and murine
[5-10]
studies
. However, a growing body of evidence
now suggests essential protective roles, particularly in
the context of mucosal integrity and defence against
[5,11-16]
extracellular pathogens
. Th17 cells and their
associated cytokines have been found to interact
more closely with other adaptive immune cells than
previously thought, raising interesting questions
about how to select and design therapeutic strategies
[2,17]
targeting this cell population
. New technologies
such as transcriptome profiling, global epigenetic
[18,19]
mapping and computerized simulation analysis
have captured a more accurate picture of this T cell
subset revealing it to be more transient, complex and
perhaps more reversible than previously imagined.
In addition to a well-established role in extracellular
pathogen clearance, Th17 cells can also participate in
intracellular pathogen clearance via unconventional
[20,21]
interferon (IFN)-γ secretion
. Human forkhead box
p3 (Foxp3) + regulatory T cells (Treg) can differentiate
[22]
into IL-17 promoting cells in vitro . Flexibility within
this subset may allow Th17 cells to embrace pro-
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inflammatory and protective roles in mucosal immunity
by secreting a spectrum of cytokines without requiring
de novo differentiation of naïve T cells. Likewise, Th17
cells may be generated quickly from Treg in order to
defend from acute invasion of pathogens. This ability
to transition between functional states is defined as T
cell plasticity.
This review mainly focuses on human studies and
outlines the major features of Th17 plasticity including
the Treg/Th17 paradigm shift in the context of IBD and
in the maintenance of intestinal homeostasis.

CHARACTERISATION OF TH17 AND
TREG SUBSETS IN IBD
In the last 15 years or so, the focus of attention
regarding T cell subsets has shifted from the classical
Th1/Th2 paradigm to that of Th17/Treg. This has
indeed been the case in IBD.
The discovery of extrathymic Treg development in
the intestine has attracted enormous attention and
highlights the importance of Treg cells in intestinal
[23]
homeostasis. Hori et al , demonstrated that cotransfer of peripherally generated Foxp3 positive Treg
cells could attenuate disease in the adoptive transfer
model of mouse colitis. Shortly after this study, Makita
[24]
et al , showed the intestinal prevalence of Treg in
[25]
patients with IBD. Mucida et al , have since identified
retinoic acid, derived from vitamin A and metabolized
by dendritic cells, as a key signal regulating Foxp3
expression by naïve T cells in response to TGF-β.
Overall, the digestive tract requires high levels of
inducible Treg cells in order to preserve tolerance
to the enormous antigenic burden comprised by
[26]
commensal flora and dietary antigens .
[27]
At around the same time, Fujino et al , first
reported on the prevalence of Th17 cells in patients
with IBD. Patients with UC and CD show increased
[17]
IL-17A levels in serum and mucosa
and an IL-17A
gene polymorphism has been linked to UC sus
[28]
ceptibility . This cytokine, in addition to promoting
barrier function, is a potent promoter of granulopoiesis
and neutrophil chemotaxis and plays an important role
in the clearance of extracellular bacterial and fungal
[29]
[30]
infections . Recently, Ciofani et al
have described
an intracellular network regulating Th17 specification.
Interestingly, genome-wide association studies linked
at least 24 loci within this network to single nucleotide
polymorphisms (SNPs) associated with ulcerative colitis
and Crohn’s disease, highlighting the importance of
[30,31]
this T cell subset towards the pathogenesis of IBD
.

IL-17 secreting Th17 subset

Intestinal effector T cells arise from naïve lymphocytes
derived from the thymus, which then undergo fun
ctional differentiation in the intestinal mucosa upon
encountering their cognate antigen displayed by
activated antigen-presenting cells (APCs). APCs and
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potentially other cells release cytokines, which act in
combination with environmental cues, including bacterial
[32,33]
and dietary products as well as salt concentration
,
thereby activating the Jak-STAT and other signalling
pathways to exert their biological functions.
Differentiation of Th17 cells is exclusively dependent
on signal transducer and activator of transcription 3
[34]
(STAT3)
and crucially requires the expression of
the transcription factor retinoic acid receptor-related
[35]
orphan receptor γ thymus in mouse (RORγt) .
Studies in the mouse and in vitro human cell cultures
have revealed the critical roles of transforming growth
[36-38]
[39]
factor β1 (TGF-β1) alongside IL-6
, IL-1β
and
[40]
IL-21 in Th17 polarization. IL-23, secreted mainly by
innate myeloid cells including activated dendritic cells
(DC), monocytes and macrophages, is critical for Th17
proliferation and maintenance, though dispensable
for the initiation of Th17 development. Importantly,
mutations within the il23r locus, which encodes a
receptor subunit unique to IL-23, are associated with
[41]
[42]
[43,44]
psoriasis , ankylosing spondylitis and IBD
.
Whilst Th17 cells are distinguished by IL-17A
production, they are also capable of producing other
cytokines, including but not limited to IL-17F, IL-21 and
IL-22. IL-17F, a member of the IL-17 family, may also
have dual roles in the context of mucosal disease. In
-/the DSS model of IBD, IL-17F mice show less severe
[28]
disease than wild-types . IL-17F evidently appears to
have a distinct set of roles, despite structural similarity
to IL-17A, and further research will be necessary to
establish its specific importance. Substantial evidence
exists for pathogenic roles of IL-22, particularly in the
[45]
context of psoriasis . However, IL-22 may play a
critical role in the maintenance of the intestinal epithelial
[45]
barrier and in mucosal healing . It is thus important
to emphasize that although Th17 cells are defined by
their expression of IL-17 and RORc, human counterpart
of RORγt, these cells likely express heterogeneous
cytokine profiles, at times simultaneously expressing
both protective (IL-22) and deleterious (IL-17A, IFN-γ)
[5]
cytokines in a tissue-temporal specific manner . In
[46]
addition, the unexpected failure of secukinumab ,
a human anti-IL-17 monoclonal antibody, in the
treatment of Crohn’s disease reflects the complex
role of IL-17 and the heterogeneous causes of the
[47]
disease .

Foxp3+ Treg subset

In contrast, anti-inflammatory Foxp3-expressing Treg
cells play an important role in tissue homeostasis via
controlling pro-inflammatory effector T cells. Treg cells
were first described as “self”-recognising T cells which
develop in the thymus. Nowadays this population
of Treg cells has come to be referred to as naturally
[48]
occurring Treg . Initially, Treg cells were believed
to differentiate along a distinct pathway to that of
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conventional T cells which arise from naïve T cells in
the periphery (extra-thymically). It is now apparent
however that naïve progenitor T cells can give rise to
a population of anti-inflammatory Foxp3 expressing
T cells extra-thymically. This population is referred to
[48]
as inducible Treg (iTreg) . The major residential and
developmental organs of iTreg cells are in fact the gut
mucosa and mesenteric lymph nodes. Differentiation
of iTreg cells is dependent on STAT5 and requires
activation of the lineage-specifying transcription
factor Foxp3. In vitro studies using human cells have
revealed the critical roles for TGF-β1, together with the
cofactor retinoic acid in iTreg development from naïve
[49]
Th cells .

Similarities and differences between Th17 and Treg
development

Interestingly, both Th17 and iTreg cells share essential
developmental cues, and thus similar developmental
pathways, as both subsets can be generated under the
influence of TGF-β1. However additional signals specify
development of each subset. Similar to Th1 and Th2
subsets, Th17 and Treg can negatively influence each
other. In mice, increasing concentrations of TGF-β1 are
associated with increased Foxp3 levels and decreased
IL-23R expression, leading to decreased IL-23dependent maintenance of Th17 cells and resulting
[50]
in impaired Th17 development . In addition, Foxp3
was found to directly inhibit IL-17 expression. As a
result, Foxp3 and RORγt double expressing T cells
in the lamina propria produced lower levels of IL-17
[50]
compared to T cells expressing RORγt alone . Smad
2, 3, and 4, which transduce the extracellular TGF-β1
signal to the nucleus, are pivotal to iTreg generation
[51,52]
whilst dispensable for Th17 development
.
Gut resident and pathogenic microbes contribute
to gut homeostasis and disease in part by shaping
Th subset polarization. Interestingly, Th17 cells are
induced by components of the intestinal flora, as
has been shown for segmented filamentous bacteria
[53]
(SFB) . This requires MHC class Ⅱ-dependent
presentation of SFB antigens by DCs. On the other
hand, commensal bacteria are known to influence
gut tolerance by generating Treg cells specific to
themselves. Transplantation of specific Clostridia
clusters into germ free mice induces increased colonic
[54,55]
Treg cells
. Lactobacillus reuteri colonization is also
associated with an increase in gut residential Treg
[56]
cells . Interestingly, bacterial fermentation products
may also play an important role in Treg generation.
The short-chain fatty acids can promote DC tolerance
[57,58]
along with generation of colonic Treg cells
. Another
bacterial product, polysaccharide A from Bacteroides
+
fragilis can induce anti-inflammatory Foxp3 , IL-10
[59]
secreting Treg cells via TLR2 signalling . Thus,
intestinal dietary and commensal products can
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IL-10

Foxp3

IL-17 secreting T cells
(Th17)
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Foxp3 and IL-17
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T cells (Th17/Treg)
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Figure 1 Concept of 17 secreting helper T plasticity. The Foxp3 expressing Treg subset either develops naturally (nTreg) or is peripherally induced from naïve T
cells (iTreg). Th17 generating factors including cytokines, transcription factors, and other molecular cues can induce these cells to differentiate into transitional cells
with co-expression of Foxp3 and RORc. Th17 cells may be converted into Th17/1-transitional cells with co-expression of RORc and TBX21. Th17: 17 secreting helper
T; Foxp3: Forkhead box p3; RORγt: Related orphan receptor γ thymus in mouse; IL: Interleukin; TGF: Transforming growth factor; IFN: Interferon.

influence Treg and Th17 development.

MECHANISMS OF PLASTICITY AND
RECIPROCAL REGULATION BETWEEN
TREG AND TH17 SUBSET
There are at least four major pathways and/or factors
which contribute to Th17 plasticity. The cytokine
milieu directs T cell subset development and also
induces plasticity via the activation of different and
specific STAT molecules and multiple transcription
factors. Furthermore, it has emerged that immuneregulatory microRNA (miR) plays a fundamental role
in controlling gene expression, thus influencing T cell
fate and plasticity. There is also the unique role of aryl
hydrocarbon receptor (AhR) and its environmental and
physiological ligands alongside histone methylation
and epigenetic modifications which may fundamentally
influence T cell plasticity. Figure 1 summarizes the
concept of Th17 plasticity.

Cytokine pathways (main contributor to plasticity)

As described above, TGF-β signalling with the
additional influence of IL-1β, IL-6 and IL-21 are
critical to Th17 lineage development as well as
the role of IL-23 signalling for the maintenance
and function of this subset. High concentrations of
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exogenous Th17-generating cytokines are able to
+
convert Foxp3 Treg cells into IL-17 secreting Th cells
in vitro. Since cytokine secretion is a final step in
lineage differentiation, this population is considered
to possess two signature features for two different
subsets; Foxp3 for Treg, and IL-17 for Th17. We
found increased levels of circulating IL-17 and Foxp3
double expressing T cells in IBD patients compared
to healthy controls. Furthermore, we demonstrated
+
the conversion of CD25 CD45RO Treg cells from
peripheral blood of IBD patients into IL-17 secreting
Foxp3 expressing cells as well as RORc and Foxp3
expressing cells in the presence of combinations of the
[60]
above mentioned cytokines . Comparing the in vitro
generation of double expressing cells in two types of
IBD patients, CD patients have a higher prevalence
of double expressing cells generated in the presence
of IL-1β/TGF-β/IL-6 than UC while UC patients have
an increased frequency of this population in response
to IL-21/IL-23 than CD samples, suggesting disease[60]
associated plasticity of Th cells in IBD . A recent
[61]
elegant study by Basu et al , revealed that IL-1
signalling represses SOCS3, an inhibitory molecule of
STAT3 altering the STAT3/STAT5 balance resulting in
Th17 generation. This model offers an explanation for
+
why exogenous IL-1β converts Foxp3 Treg cells into
+
+
[61]
IL-17 Foxp3 double expressing Th cells .
Cytokines which induce Th17 development and
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Table 1 Cytokines related to 17 secreting helper T development
and plasticity in human

Table 2 Transcription factors related to 17 secreting helper T
development and plasticity

Cytokine

Transcription
factor

IL-1β

IL-6
IL-10
IL-12
IL-21
IL-22
IL-23
TGF-β1

Effect

Ref.

Accelerate IL-17A secretion from IL-17 secreting
Innate
Lymphoid cells and Th17
Induce autocrine IL-21 and generation of Th17
Suppress IL-17A and Th17 generation
Induce IFN-γ secretion from Th17 cells (Th1/Th17
plasticity)
Potentiates pathogenic effects of Th17 cells in the
gut
Attenuate the development of intestinal pathology
via Stat3-mediated effects on epithelial cells
Induce IL-22 and IL-17A secretions and maintain
Th17 expansion
Initiate generation of Treg and Th17 populations
dependent on the concentration

[69]

Fosl2
IRF4

[20]
[62]
[20]
BATF

[64,65]
[66,67]
[68]

HIF-1

[63]

Jmjd3

Th17: 17 secreting helper T; IL: Interleukin; TGF: Transforming growth
factor; IFN: Interferon.

RORc (human)
RORγt (mouse)
IKZF3 (Aiolos)

[62-69]

plasticity are summarised in Table 1

.

Transcription factors

There is now vast literature detailing multiple trans
cription factors and their relationship to T cell plasticity.
These transcription factors directly regulate and/or
promote gene expression by binding to their promoter
regions in order to contribute to the multifaceted
nature of T cell subsets.
[30]
Ciofani et al
recently identified FOS-like antigen
2 (Fosl2) as a key determinant of Th17 plasticity in
[30]
their remarkable study of Th17 cell specification .
in vitro differentiation of mouse CD4 T cells deficient
in Fosl2 under Th17 polarizing conditions yielded
IL-17 producing cells which co-expressed Foxp3.
Interestingly, Fosl2 deficiency also enabled IFN-γ
production in Th17 and Th2 cultures, particularly when
Th17 cells were subsequently exposed to Th1-skewing
conditions.
Interferon regulatory factor 4 (IRF4) is a trans
cription factor expressed in hematopoietic cells and
plays pivotal roles in the immune response. IRF4 levels
were augmented in patients with active inflammatory
bowel disease and correlated with enhanced pro
[70]
duction of IL-17 and IL-22 mRNA . On the other
hand, lack of IRF4 seems to cause resistance to Th17[71]
mediated autoimmune diseases . Basic leucine zipper
transcription factor, BATF, along with IRF4, was recently
[30]
proposed as a “pioneer factor” in T cells . After T cell
receptor ligation, BATF expression is rapidly induced in
naïve T cells. The BATF-JUN heterodimer and IRF4 bind
to the same regulatory regions to mediate chromatin
remodelling and facilitate accessibility to regulatory
elements by other Th cell subset-specific transcription
factors including STAT3, MAF and RORγt in Th17.
Interestingly, BATF and IRF4 are also necessary for
Treg differentiation in visceral adipose tissue through
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Effect

Ref.

A key determinant of cellular plasticity
Th17 differentiation via RORγt dependent and
independent pathways
Augmented in patients with IBD and
correlated with enhanced production of IL-17
and IL-22 mRNA
Required for differentiation of Th17 via
induction of RORγt, and bound to IL-17, IL-21
and IL-22 promoters
BATF+ RORc- Th17 cells are found in gut
tissues from UC but not CD patients.
A key transregulator of Th17 polarization and
suppressor of Foxp3 in Treg
Reciprocal regulation between HIF-1 and
miR210
H3K27 demethylase, important for Th1/Th17
plasticity
Essential for Th17 differentiation induced by
TGF-β1 and IL-6 or IL-21
Promotes Th17 differentiation via silencing of
the IL-2 locus
Aiolos+ iTreg respond to IL-1β and
downregulate their suppressor functions

[30]
[115]
[70]

[116]

[73]
[33,81]
[81]
[101]
[35]
[74]
[75]

RORγt: Related orphan receptor γ thymus in mouse; IL: Interleukin; TGF:
Transforming growth factor; CD: Crohn's disease; UC: Ulcerative colitis;
HIF: Hypoxia-inducible factor; IRF4: Interferon regulatory factor 4; IBD:
Inflammatory bowel diseases.

direct regulation of IL-33 receptor, ST2 and PPAR-γ
[72]
+
expression . BATF RORc Th17 cells are found in gut
[73]
tissues from UC but not CD patients . Taken together
BATF/IRF4 axis may direct Treg/Th17 balance and
plasticity in the gut.
A member of the Ikaros family, IKZF3 (or Aiolos) is
known to promote Th17 differentiation by supressing
[74]
IL-2 production . Interestingly, IKZF3 is also ex
pressed in iTreg lacking the expression IKZF2, (or
+
+
Helios). These IKZF2 IKZF3 Foxp3 Th cells express
IL-17 and exert reduced regulatory functions in healthy
[75]
human blood samples . Furthermore, polymorphism
[31]
in Ikzf3 locus shows an association with CD and UC .
Thus, IKZF3 may turn out to be an important regulator
of Th17-Treg plasticity in IBD.
An environmental sensor, Hypoxia-inducible factor
1 (HIF-1), which is induced by Th17 cells to promote
signalling in a Stat3-dependent manner, cooperates
with RORγt to control expression of Th17 genes, such
as IL-17A, IL-17F, and IL-23R. Furthermore, HIF-1
negatively regulates Treg development by mediating
[33]
Foxp3 protein degradation .
[76]
On the other hand, Liu et al
recently reported
that TGF-β and IL-6 regulate Th1 cell conversion into
the Th17 subset via expression of Runx1. This is
supported by the finding that siRNA mediated silencing
of Runx1 inhibits this conversion. Furthermore, TGF-β
enhanced histone H3K9 acetylation but inhibited H3K9
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Table 3 MicroRNAs influencing 17 secreting helper T development and plasticity
MicroRNA

Inducer

miR10
miR17-92 cluster

TGF-β

miR29
miR126
miR132/212 cluster
miR146a
miR155
miR210
miR301
miR326

Target

Bcl-6
Creb1, TGF-βRII,
KZF4 (miR17), PTEN (miR19)
NOD2
IL-12p40, IL-23p19
PIK3R2
TCDD, FICZ
Bcl-6
TLR2-5
STAT1
TLR2-4, TLR9
SOCS1
HIF-1 (counter regulator)
PIAS3
EST-1

Effect

Ref.

Limit Th17, convert Th cells into Treg
Accumulation of antigen-specific iTreg development, IL-10 production,
and possibly Treg cell migration
Inhibit IL-23R signalling
Treg-mediated Immunosuppression
Enhance Th17 development via AhR pathway
Block Th1 development
Unleash STAT1, 4, and 5 signals, and promote Th1, Th2, and Treg
Control Foxp3 expression
Unleash STAT3 signal, and generate Th17
Critical for Th17 development

[78,83]
[78,83]
[80]
[83]
[82,83]
[78,79]
[78,79]
[81,83]
[78]
[78]

TGF: Transforming growth factor; Th17: 17 secreting helper T; FICZ: 6-formylindolo [3,2-b] carbazole; TLR: Toll-like receptor; TCDD: Tetrachlorodibenzo-pdioxin; FICZ: Formylindolo [3,2-b] carbazole.

trimethylation of Runx1- and ROR-γt-binding sites on
the IL-17 or RORc gene in Th1 cells in this disease
[76]
model .
Transcription factors which are critical for Th17
development and plasticity are summarised in Table 2.

Micro-RNA (a cause of plasticity)

miR are small fragments of non-coding RNA (mostly
17-22 nucleotides) that act as regulators of RNA
expression through binding to the 3’-UTR of com
plementary mRNA resulting in repression/silencing
of target RNAs. Several miRs have been reported to
[77]
influence the differentiation of Th cell subsets
as
well as plasticity and reciprocal regulation among Th
[78]
cell subsets .
Targeting STAT1, which is required for optimal Th1
development, miR146a plays an essential role in Treg
[78]
function and development . Targeting suppressor of
cytokine signalling 1 (SOCS1), an inhibitor of STAT1, 4,
and 5, miR155 plays an unique role in the development
of Th1, Th2, and Treg cells and conversely in the
suppression of Th17 differentiation. Targeting of
PIAS3, an antagonist of STAT3, miR301 influences
[78]
Th17 expansion . Interestingly, the miR146a and
miR155 are induced by toll-like receptors, well-known
bacterial sensors, suggesting a critical involvement
[79]
of micro-organisms . Moreover, NOD2, a bacterial
sensor closely linked to the pathogenesis of Crohn’
s disease, induces miR29 resulting in downregulation
of IL-23 secretion by dendritic cells through targeting
of IL-12p40 and IL-23p19. This, in turn, was shown to
suppress RORγt expression in the DSS mouse model of
[80]
colitis .
In activated T cells, miR-210, which targets HIF-1,
is upregulated 100 fold. This is especially notable in
Th17 cells, resulting in decreased HIF-1α expression.
Deletion of Mir210 promotes Th17 differentiation
under hypoxic conditions. In experimental colitis,
miR210 reduced the abundance of Hif1a transcripts
and the proportion of cells that produced inflammatory
[81]
cytokines resulting in decreased disease severity .
Induced by natural and environmental ligands of the
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aryl hydrocarbon receptor, the miR132/212 cluster
[82]
promotes Th17 development . The mechanisms of
Th plasticity in aryl hydrocarbon receptor signalling will
be described in the next section of this review.
Targeting EST1 which is a negative regulator of
Th17 cells, miR326 is critical for Th17 differentiation.
Furthermore, miR10, which is selectively expressed
in Treg and induced by TGF-β signalling together
with retinoic acid, can limit Th17 differentiation and
furthermore can convert conventional Th cells into
iTreg. The contribution of this miRNA to Treg stability
is highly dependent on Foxp3 expression yet not
[78]
responsible for Foxp3 induction . A regulator of the
suppressive activity of Treg cells, miR-126 leads to
enhanced Foxp3 expression by targeting PIK3R2, a
regulatory component of PI3K which downregulates
[83]
Foxp3 induction . The cluster of miR17-92, a complex
of 6 miRNAs, influences Treg function in vitro resulting
+
in the generation of IL-10 secreting Foxp3 T cells.
Although miR17 specifically targets TGF-β receptor Ⅱ
and Creb1, the targets of other parts of this cluster are
[78]
still unknown .
Interestingly, deletion of critical compounds for
miR signalling, such as DICER or DROSHA which are
found in the micro RNA biogenesis pathways, showed
that Treg-specific micro RNA expression is required
to suppress T effector cells and maintain tolerance,
suggesting that lack of Treg-specific miR results in
[78]
immune-dysregulation .
Since miRs directly regulate the expression of
many genes essential to Treg and Th17 subsets, it is
highly likely they contribute to Th17-Treg plasticity.
However, this exciting field is still in its infancy and
further studies are undeniably required.
MicroRNA which influence Th17 development and
plasticity are summarised in Table 3.

Aryl hydrocarbon receptor (unique mechanistic role of a
receptor with dual functions)
[84,85]

The AhR first came to attention1970-80s
as a
receptor for a recognized carcinogen, 2,3,7,8-tetra
chlorodibenzo-p-dioxin (TCDD). This receptor is
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TCDD

miR10
miR17-92
miR29

miR126
miR155
miR210

FICZ

miR326
miR132/212

AhR

HIF-1
Fosl2
Brtf
TGFb (large amount)
IL-10

Treg
Foxp3

IL-1b, IL-6, IL-21,
IL-22, IL-23R signaling

Th17
Foxp3
RORgt

RORc

Figure 2 Factors influencing the plasticity between Treg and 17 secreting helper T subsets. Cytokines and growth factors (shown in blue letters) may trigger
transdifferentiation of the pre-committed Foxp3 expressing Treg population to RORc expressing cells. Micro RNAs (miR, shown in red letters) play a pivotal role
in differentially regulating Treg/Th17 plasticity. Transcription factors (aqua ovals) direct the plasticity by positively or negatively controlling Foxp3 and/or RORc
expression. The aryl hydrocarbon receptor (AhR, green circle) can promote distinct differentiation pathways in response to two pathway-specific ligands (TCDD and
FICZ, Green circles) resulting in either augmentation of Foxp3 or RORc, respectively. Th17: 17 secreting helper T; FICZ: 6-formylindolo [3,2-b] carbazole; TCDD:
Tetrachlorodibenzo-p-dioxin; FICZ: Formylindolo [3,2-b] carbazole; AhR: Aryl hydrocarbon receptor; Treg: Regulatory T cells.

a ligand-activated transcription factor, which is
responsible for the regulation of several xenobiotic
response genes, such as the cytochrome P450
[86]
family . Soon, attention shifted to the contribution
of this receptor to oncogenesis via the suppression of
immune-surveillance in response to TCDD, suggesting
a TCDD-induced immune regulatory function of AhR
[87]
pathways . Later, 6-formylindolo [3,2-b] carbazole
(FICZ) was recognised as an endogenous ligand of
AhR; however the function of the receptor bound
to FICZ was not the same as that bound to TCDD,
suggesting that this receptor has ligand specific
[88]
functions . In regard to T cell polarization, Quintana
[89]
et al , discovered that activation of the AhR with
TCDD leads to the generation of Tregs, and in the
[90]
same issue of Nature, Veldhoen et al , reported
alternative activation with FICZ leading to Th17 cell
differentiation. The effect on Th17 generation has
been confirmed by subsequent studies in vitro and in
[91,92]
vivo
, while the influence on Treg generation has
[93]
[94]
been more controversial . Recently, Mezrich et al ,
showed evidence for a missing link in AhR-derived
Treg generation in that kynurenine, a metabolite in
the indoleamine 2,3-dioxygenase (IDO) dependent
tryptophan degradation pathway, is a key ligand of
[94,95]
AhR
. IDO is an enzyme known to suppress effector
T cells and is expressed in regulatory plasmacytoid
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dendritic cells in response to IFN-γ. This kynurenine
bound AhR generates Treg via influencing the TGF-β
[94]
signalling pathway . Furthermore, Moura-Alves et
[96]
al , has reported that AhR binds pathogen-associated
molecular patterns (PAMPs), regulating immunity in
response to bacteria. Although this observation was
limited to myeloid and epithelial cells from lung in a
murine infectious model, there is a possibility that
bacterial activation of AhR may modulate development
of Th subsets in a complex bacterial environment, such
as the digestive tract.
Taken together one can speculate that a unique
function of AhR may be to contribute to plasticity
between the Treg and Th17 subsets via differential
binding to environmental or physiological ligands
including bacteria-derived metabolites and PAMPs.
Figure 2 illustrates the contributing factors to the
plasticity between Treg and Th17.

Histone methylation (monitoring the characteristics of
plasticity)

Histone modifications including acetylation, methy
lation, and phosphorylation, are associated with gene
expression or repression via alternations in chromatin
[77]
structure . In regard to Th1, Th2 and Th17 subset
development, trimethylation of lysine 4(H3K4me3) and
lysine 27(H3K27me3) play important roles in activation

12289

November 21, 2015|Volume 21|Issue 43|

Ueno A et al . Th17 plasticity in IBD
and repression, respectively, of gene expression
downstream of transcription factors specific to Th
subsets. Thus, monitoring H3K4me3 and H3K27me3
status can visualize the potential for plasticity in T cell
subsets.
H3K4me3 marks the signature cytokine genes
(Ifng for Th1, Il4 for Th2, Il17a) within the Th17
subset while repressive H3K27me3 is found on Th17
signature cytokine genes in Th1 (Il4, Il17a), Th2
(Ifng, Il17a) and Th17 (Il4, Ifng), suggesting lineage
commitment to these particular subsets within these
cells. Interestingly however, trimethylation on some
transcription factor genes is bivalent (both H3K4
and H3K27) suggesting an element of reversibility
in epigenetic status, particularly in Th17 cells. In
these cells it is possible to find bivalent methylation
in the Th1 transcription factor Tbx21 and Th2
transcription factor Gata3, in addition, Foxp3 may
remain unmethylated suggesting a “neutral” state.
Thus, histone methylation states may help explain
why Th17 cells can swing to other subsets more easily
[97-99]
than other T cell subsets
. Cytokines regulate
the trimethylation status of Th17, resulting in subset
conversion and plasticity. Also, the universal bivalent
status of Tbx21 in all Th subsets except Th1, where
you have only permissive H3K4me3, explains why
[99]
plasticity towards the Th1 subset is dominant . Thus,
monitoring trimethylation status of H3K4 and H3K27
is useful in predicting the potential for, and direction of
Th cell plasticity.
A histone modifying enzyme, JMJD3 is a histone
[100]
[101]
H3K27 demethylase
. Li et al
, reported that
JMJD3 ablation promoted Th cell differentiation into
Th2 and Th17 cells in the small and large intestines,
and inhibited T-cell differentiation into Th1 cells in vitro
and in a Th1-dependent colitis model. JMJD3 deficiency
also restrains plasticity of Th2, Th17 and Treg cells
towards Th1 cells. The skewing of T-cell differentiation
is concomitant with changes in the expression of key
transcription factors and cytokines via changes in
[101]
H3K27me3 and H3K4me3 levels .

TH17 PLASTICITY IN CHRONIC
INFLAMMATORY DISEASES INCLUDING
IBD
+

+

CONCLUSION

IFN-γ IL-17 double expressing cells are considered a
[102]
cross-over transition of Th17 into Th1 lymphocytes .
This cell population represents an efficient local
host defense system which shifts host defense from
extracellular pathogens to intracellular microbial
[103]
infections
and may contribute to autoimmune
pathogeneses in both mouse models and in human
[104,105]
[106]
diseases
. Globig et al
, suggested that this
population is indeed a subpopulation of Th17 cells
and may be involved in IBD pathogenesis of both CD
and UC. Interestingly, Weaver and colleagues recently
have provided evidence that Th17 cells can act as
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precursors for IFN-γ secreting Th1 cells in a mouse
of colitis, showing the indispensability of Th17/Th1
[21]
plasticity in the pathogenesis of colitis .
+
+
+
Likewise, IL-17 Foxp3 double expressing CD4
T cells may differentiate into Th17 cells under proinflammatory conditions such as IL-1β, IL-6, IL-21,
+
IL-23 and TGF-β , having as yet largely unknown
consequences for human disease initiation or pro
[107]
gression
. On the other hand, plasticity from Th17
to Treg has not been frequently reported. However, a
recent study from Yale University, suggests that this
can in fact occur in the context of intestinal immune
responses. According to their findings, Th17 cells
generated during bacterial infection can be converted
high
lo
into IL-10 , Foxp3 Tr1-like regulatory T cells. This
was dependent on TGF-β1 and could be enhanced in
[108]
vitro using an AhR ligand, FICZ . This suggests that
Th17 cells may alter their inflammatory status during
infection, thus quenching inflammation and suggests
possible avenues via which this mechanism could be
[108]
harnessed therapeutically .
The Th17-promoting cytokine, IL-23 is known
to play an essential role in driving intestinal inflam
mation. This cytokine also plays an inhibitor role
[109]
in augmentation of intestinal iTreg generation
.
Furthermore, IL-23 together with IL-12 signalling
promotes IFN-γ secretion from Th17 in intestine,
[110]
leading Th17/Th1 plasticity
. IL-23 signalling
pathway is considered as a plasticity initiator in regard
of Th17 subset via decreasing Foxp3 expression and
assisting increased IFN-γ secretion.
In 2011, a hallmark study of Hovhannisyan et
[111]
al
showed evidence for Treg/Th17 plasticity in IBD
by showing the presence of IL-17 producing, Foxp3
expressing Th cells in inflamed intestinal mucosa from
Crohn’s disease patients. Importantly, this population
showed suppressor activity in vitro. We have gone
on to demonstrate the presence of this unique T cell
[60]
subset in peripheral blood from IBD patients
and
have found evidence for several types of plasticity
including Treg/Th17, Th1/Th17 and Th22/Th17 within
[112]
the lamina propria of lesions from IBD patients .

Plasticity between Treg and Th17 likely occurs in the
context of dynamic changes in the inflammatory
milieu. Thus, pro-inflammatory stimuli may promote
conversion of immune-suppressive regulatory T cells
into pro-inflammatory Th17 cells, while resolution of
inflammation may trigger or even require the alternate
shift from Th17 to Treg. This concept is just becoming
appreciated and requires further study to correlate
both causes and outcomes. Targeting plasticity may
offer avenues to pharmacologically restore the Th17/
[113]
Treg balance in the intestine for therapeutic benefit .
In addition, targeting plasticity may help improve
upon future therapies. Clinical trials of Treg therapy of
[114]
Crohn’s disease failed
perhaps in part due to Treg
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instability. Further understanding of Treg plasticity may
help to augment Treg therapy in the future.
Many studies have implicitly suggested the
possibility of plasticity during their experiments and
observation of inflammatory processes. It is clear
however that several pathways give rise to the
heterogeneous populations referred to as Th17 and
Treg in the intestine. The field is in part limited due to
constraints inherent to the techniques used to analyse
these cells. Most investigators rely upon multicolor flow
cytometry, requiring the precise selection of surface
and intracellular markers and setting of conditions
and controls in order to provide limited functional and
expression data. New technologies look to overcome
these technical issues as well as to enhance the
depth of analysis. Examples include deep immunephenotyping using CYTOF 2 mass spectrometry which
allows the analysis of over 100 parameters at the
single cell level without dealing with spectral overlap,
alone or in combination with single cell transcriptomics.
To conclude, unravelling the complexity that
underlies plasticity between Th17 and Treg cells may
be key to understanding the intricate pathogenesis
of T cell-mediated immune disorders, such as IBD.
However, novel approaches and their application to
human IBD will be required to reach this objective.
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Abstract
Inflammatory bowel disease (IBD) is a group of
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chronic multifactorial disorders. According to a recent
study, the number of IBD association loci is increased
to 201, of which 37 and 27 loci contribute specifically
to the development of Crohn’s disease and ulcerative
colitis respectively. Some IBD associated genes are
involved in innate immunity, in the autophagy and in
the inflammatory response such as NOD2 , ATG16L1
and IL23R , while other are implicated in immune
mediated disease (STAT3 ) and in susceptibility to
mycobacterium infection (IL12B ). In case of early
th
onset of IBD (VEO-IBD) within the 6 year of age,
the disease may be caused by mutations in genes
responsible for severe monogenic disorders such
as the primary immunodeficiency diseases. In this
review we discuss how these monogenic disorders
through different immune mechanisms can similarly
be responsible of VEO-IBD phenotype. Moreover we
would highlight how the identification of pathogenic
genes by Next Generation Sequencing technologies
can allow to obtain a rapid diagnosis and to apply
specific therapies.
Key words: Inflammatory bowel disease; Primary
immunodeficiency disease; Early onset; Next gene
ration sequencing; Genome wide association studies
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Genetic investigation is of fundamental
importance describing inflammatory bowel disease
(IBD) as a complex disease, as well as in identifying
the monogenic disorders that may present with IBDlike features. Using third-generation technology
should be leveraged to accelerate the screening and
allow the identification of the most rare monogenic
defects. Furthermore, the study of genetic variants in
monogenic and in sporadic IBD could help unraveling
the complex interplay between defective and com
pensatory immune responses, opening the way to the
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identification of new targets for therapy.
Bianco AM, Girardelli M, Tommasini A. Genetics of inflammatory
bowel disease from multifactorial to monogenic forms. World J
Gastroenterol 2015; 21(43): 12296-12310 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i43/12296.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i43.12296

INTRODUCTION
Inflammatory bowel disease (IBD) is the result of an
unbalanced crosstalk between gut luminal content
and the mucosal immune system. IBD encompasses
a continuum of clinical disorders, ranging from Crohn’
s disease (CD) through indeterminate colitis (IC) to
ulcerative colitis (UC). In fact, some patients may
present significant clinical overlap between these forms
and even develop one form from another. However,
there are distinctive genetic, environmental and
pathogenic factors that can be involved in the three
forms.
In general, CD is characterized by changes in
intestinal microbiota (dysbiosis), focal translocation of
bacteria across the mucosal barrier, altered mucosal
response to bacterial invasion, development of chronic
granulomatous inflammation and activation of adaptive
immunity as results of compensatory mechanisms
to minor defects of innate immunity or autophagy.
Genetic factors can involve variants of different groups
of genes, leading to a leaky epithelial barrier and
impaired mechanisms of phagocytosis and autophagy.
Whatever is the particular combination of factors in
each patient, the common result is a vicious circle of
dysbiosis, granulomatous inflammation and activation
[1]
of T cell immunity .
In contrast, a major role in UC seems to be
played by dysregulation of lymphocyte immunity,
with increased activation of T cells and/or reduced
regulatory T cell function. Risk factors implicate a
number of variants in genes associated with T cell
activity and with down regulation of mucosal inflam
mation.
Furthermore, intermediate forms of IBD can share
various clinical and genetic features with both CD and
[2,3]
UC . Indeterminate colitis is particularly common
among subjects with very early onset in the first years
of life (VEO-IBD). Indeed, patients with VEO-IBD
present quite distinctive clinical features and display
worse clinical course and usually poorer response to
treatments compared with adult onset disease.
Although genetic factors have been associated with
different forms of IBD, the diagnosis in each subject is
commonly based on clinical and histopathology data,
rather than genetic results. Indeed, the particular
profile of common genetic variants has little con
sequences on the prediction of the disease course and
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response to treatments.
However, genetic analysis can have an important
impact on clinical practice for VEO-IBD.
Monogenic disorders are believed to be very rare,
but it is expected that in the severe form of earlier
onset of IBD, genetic factors play a significant role
in pathogenesis. In some cases, VEO-IBD can result
from monogenic disorders such as primary immuno
deficiency diseases (PID).
Several anecdotal reports showed that a number of
PIDs can onset with a clinical presentation compatible
with IBD. Taking into account this possibility can
allow genetic confirmation and effective treatment
with hematopoietic stem cell transplantation (HSCT),
avoiding ineffective and dangerous treatments with
immunosuppressant, biological inhibitors and even
surgery. In most cases, the application of an integrated
clinical, functional and genetic approach can allow the
identification of some PID diagnosis, however clinical
and functional signs can be unexpressed or overlooked
and the correct genetic assay may be delayed. Thus,
given the importance of the earliest detection of
PID, we dedicated in this review a large space to the
detailed description of monogenic forms of IBD. We
also highlight the potential role of severe VEO-IBD.
In the first part of this review, we will discuss about
the susceptibility to develop IBD followed by how the
availability of improved genetic tools can impact on the
early diagnostics of monogenic VEO-IBD.
In addition, the study of monogenic causes of
IBD may provide significant information for a better
understanding of sporadic adult onset disease. Indeed,
the role of defective mucosal immunity in IBD is a
fundamental unsolved question.
Increasing evidence support the idea that in most
cases hyperactive intestinal inflammation can be the
result of compensatory responses to the environment
in presence of various immune defects. The study of
genetic variants in monogenic and in sporadic IBD
could help unraveling the complex interplay between
defective and compensatory immune responses,
opening the way to the identification of new targets for
therapy.
In the second part of this review, we will discuss
how defects in regulation of innate or adaptive
immunity can be relevant to the pathogenesis of
inflammation in IBD.

GENES INVOLVED IN MULTIFACTORIAL
SUSCEPTIBILITY IBD
Until the last year several genome-wide associations
studies (GWAS), followed by meta analysis of both
principal forms of IBD (CD and UC) identified a total of
163 IBD loci: 60 loci with heterogeneous effects while
the effects of the other 50 loci were not distinguishable
in CD or UC. The remaining 53 loci were specific only
for CD (n = 30) or for UC (n = 23). A total of 113 of
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the 163 IBD loci were shared with other complex traits
such as immune mediated diseases and mycobacterial
[4-6]
infection . Recently by immunochip genotype data
from both European and East Asian, Indian or Iranian
cohorts implicate new 38 loci in IBD risk most of which
(27 loci) contribute to both diseases (CD and UC) while
of the remaining 11 loci, 7 were classified as specific to
[7]
CD and 4 to UC .
The innate immune receptor nucleotide oligo
merization domain containing 2 (NOD2) was the first
[8,9]
gene associated with inflammatory bowel disease .
Three mutations (R702W, R703C and L1007fs) in the
NOD2 coding region were demonstrated to be asso
ciated with CD in Quebec affected patients that carried
[10]
at least one variant .
In Hungarian CD patients, as well as in other
countries, the three-mentioned NOD2 variant are
associated with early onset and the presence of one
variant allele increases the risk for developing CD from
1.5 to 4.3 folds, while two variants alleles increase
susceptibility to develop the disease from 20 to 40
[11]
folds compared with the general population .
The mechanisms linking NOD2 variants to the
risk of CD are not fully clear. In fact, these variants
lead to loss-of-function of the protein, suggesting a
link between an impaired innate immune response
[8,9]
to bacterial infections and disease development .
In contrast, NOD2 gain-of-function mutations, in the
NATCH domain of the receptor, are associated with
Blau Syndrome (BS) and early onset Sarcoidosis
(EOS), causing a rare autosomal dominant disease
characterized by a triad of symptoms (rashes, uveitis
and arthritis) and onset among 3 and 4 years of
[12,13]
age
.
Another strong association with CD regards the
[14,15]
autophagy related 16-like 1 (ATG16L1) gene
,
while interlukin-23 receptor (IL23R) gene, results
[16]
associated with both UC and CD .
Few GWAS have been performed also in pediatric
patients: a study identified for the first time for
pediatric IBD onset the TNFRSF6B gene within the
[17]
20q13 and the PSMG1 gene within the 21q22 loci .
In early onset cases, an association was described
[18,19]
between IL23R, STAT3, JAK2 and IL12B and CD
.
Most of these genes concern the functions of innate
immunity, autophagy and inflammatory cytokines
production. In addition, the associations with HNF4A
and GNA12 point out the role of defects of epithelial
[20]
[21]
barrier function . Moreover Kaser et al
identified
an association among hypomorphic XBP1 variants
with both IBD forms, reporting that the deletion in the
intestinal epithelial cells induces spontaneous enteritis.
A study carried out on the Korean population
proves the different genetics IBD among different
populations. Several Korean children suffered from
UC at the time of diagnosis showed diarrhea and
hematochezia like the features in Western studies. In
a particular way this study demonstrated that genetic
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of the IBD between the affected populations reflects
the ethnic differences. In fact the NOD2 and ATG16L1
variants, strongly associated with IBD in western
populations, were not associated in the Korean IBD
patients, who conversely displayed an association with
three genes (ATG16L2, DUSP5 and TBC1D1) that
[22]
aren’t associated in Western population .
Recently, new technologies allow expanding the
possibility of genetic analysis in IBD. Indeed, Whole
Exome Sequencing studies (WES) performed the
identification of further genetic association with CD,
including missense mutations in the PR domaincontaining 1 (PRDM1), that encodes a transcription
factor expressed by T and B cells, and a common
variation in Nuclear domain 10 protein 52 (NDP52),
an adaptor protein that acts in selective autophagy of
[23]
intracellular bacteria .
[24]
In addition, Xu et al
discovered in Chinese
patients by WES novel genetic variants in the DLG1
gene involved in cell proliferation, T cell polarity and T
cell receptor signalling, as a susceptibility gene for CD.

MONOGENIC FORMS IN EARLY ONSET
IBD
th

EO-IBD is defined by the onset of disease within the 6
year of age. This group includes neonatal IBD (first 28
d of age), Infant and toddler onset IBD (younger than
[25]
2 years, VEO-IBD), and early childhood groups .
In VEO-IBD, the disease tend to be much more severe
and much more difficult to control with conventional
therapies, compared with adult-onset IBD. Increasing
evidence suggest a stronger genetic contribution to
these forms compared with adults. Indeed some
patients with VEO-IBD may have developed intestinal
inflammation as part of a monogenic disease, usually
a PID. In fact, these cases may account, at least in
part, for the phenomenon of missing heritability in
IBD, which is the inability to explain all the genetic
contribution to IBD based solely on the additive effect
[26]
of common risk gene variants . Overall, at least 58
genes can play a role in VEO-IBD (Table 1), in addition
to those associated with susceptibility to multifactorial
IBD. Most of these genes are the cause of very rare
monogenic disorders that can present with clinical
and histopathological features similar to IBD. The
different diseases associated with early onset IBD-like
[27]
symptoms have been recently reviewed elsewhere .
Distinguishing monogenic forms among VEO-IBD is a
crucial importance to allow the best treatment. A panel
of candidate genes used for the analysis of VEO-IBD
can allow a timing diagnosis and an effective cure in
many patients, as well as an epidemiologic definition
of the real impact of PIDs in this field.
However, it is worth noting that most cases of
VEO-IBD can still recognize a multifactorial origin, as
suggested by the evidence of the increased incidence
of early onset cases of IBD in recent decades, reaching
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Table 1 Genes involved in the phenotype of monogenic very early onset of inflammatory bowel disease
Gene

Inheritance

Chr

OMIM

Clinical Features IBD-like

Treatment

Ref.

Abdominal pain,
Diarrhea, vomiting
MEFV
AR
16p13
#134610
Familial Mediterranean
Diarrhea, abdominal
#249100
Fever
pain, mucus in the stool,
peritonitis
PLCG2
AD
16q23
#614878 Autoinflammation, antibody Bloody diarrhoea, UC,
deficiency, and immune
enterocolitis
dysregulation syndrome
NLRP12
AD
19q13
#611762
Familial cold
Abdominal pain
autoinflammatory
syndrome 2
NLRC4
AD
2p22
#616050
Autoinflammation with
Neonatal-onset
infantile enterocolitis
enterocolitis
Immune regulation and dysregulation disorders (innate and adaptive immune responses)
XIAP
XL
Xq25
#300635 X-linked lymphoproliferative
Perianal abscesses
syndrome 2
STXBP2
AR
19p13
#613101
Familial haemophagocytic
IDB-like colitis
lymphohistiocytosis type 5
HPS1
AR
10q23
#203300
Hermansky Pudlak
IBD, UC, Granulomatous
syndrome (type 1, 4 and 6)
colitis
HPS4
22q12
#614073
Granulomatous colitis
HPS6
10q24
#614075
Gastrointestinal
symptoms,
granulomatous colitis,
imperforate anus, gluteal
flap repairs
FOXP3
XL
Xp11
#304790
Immunodysregulation,
Intractable diarrhea, total
polyendocrinopathy and
or subtotal intestinal
enteropathy
villous atrophy,
enteropathy
AIRE
AR/AD
21q22
#240300
Autoimmune
Malabsorption, diarrhea,
Polyendocrinopathy
chronic atrophic gastritis
Candidiasis Ectodermal
Dystrophy
IL10
1q32
*124092
IL-10 Signaling defects
Severe early-onset
enterocolitis
IL10RA
AR
11q23
#613148
Inflammatory Bowel
Early onset enterocolitis,
Disease-28, early onset
enteric fistula, perianal
abscesses
IL10RB
AR
21q22
#612567
Inflammatory Bowel
Early onset enterocolitis,
Disease-25, early onset
perianal abscesses,
enterocutaneous and
rectovaginal fistula
Defects in phagocyte bacterial killing and neutropenia
SLC37A4
AR
11q23
#232220
Glycogen storage disease 1b
Perioral and perianal
GSD-1b
lesions, ileitis, colitis,
CD-like, protuberant
abdomen
G6PC3
AR
17q21
#612541
Severe Congenital
Diarrhea, colitis,
neutropenia 4
abdominal pain, perianal
fistula or abscess, CD-like,
oral aphthous ulceration
ITGB2
AR
21q22
#116920
Leucocyte adhesion
CD-like with
deficiency 1
discontinuous stomatitis,
ileocolitis, perianal and
rectal abscess, fistulas,
adhesion, strictures
NCF1
AR
7q11
#233700
Chronic granulomatous
Colitis, perirectal abscess
NCF2
AR
1q25
#233710
disease
Perirectal abscesses due
to immunodeficiency

Anakinra

[28,30-32]

Colchicine

[33,34]

Hyper and autoinflammatory disorders
MVK
AR
12q24
#260920
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Disease
Mevalonate kinase deficiency

12299

[35]

Anakinra

[37]

Anakinra

[38-40]

HSCT

[41-44]

HSCT

[45]

Platelet transfusion
Anakinra
Infliximab
Subtotal colectomy

[46-50]

HSCT

[51]

No specific treatment is
available

[52]

HSCT

[53-63]

Granulocyte colony
stimulating factor,
prophylactic oral iron

[64-66]

Granulocyte colony
stimulating factor

[67]

HSCT

[70,71]

HSCT

[70-75]
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NCF4

AR

22q12

#613960

CYBA

AR

16q24

#233690

CYBB

XL

Xp11

#306400

T and B lymphocyte selection activation defects
WAS
XL
Xp11
#301000

Chronic granulomatous
colitis, diarrhea perianal
infections, erosions and
ulceration of the gastric
fundus and colonic
mucosa, multiple small
granulomata on colonic
biopsy.
Perirectal abscesses due
to immunodeficiency
Gastrointestinal
perirectal abscesses due
to immunodeficiency,
enteritis and colitis
Wiskott-Aldrich Syndrome

Diarrhea, hematemesis
and melena
IBD, UC like, colonic
inflammation with crypt
abscess
Chronic diarrhea

HSCT/transfusion of
autologous genetically
modified

[77-79]

HSCT

[25,80-82,85,86]

Protracted diarrhea
Enzyme replacement
therapy using frozen
irradiated red blood
cells/HSCT

HSCT
HSCT

DCLRE1C

AR

10p13

#603554
#602450

RAG1
RAG2
LIG4
ADA

AR
AR
AR
AR

11p12

4
#603554
#606593
#102700

IL2RG

XL

Xq13

#300400
#312863

CD3G

AR

11q23

#615607

Severe Combined
Immunodeficiency;
Moderate Immunodeficiency
Immunodeficiency 17

ZAP70
LCK

AR
AR

2q11
1p35

#269840
#615758

Selective T-cell defect
Immunodeficiency 22

LRBA

AR

4q31

#614700

ICOS

AR

2q33

#607594

Common variable
immunodeficiency 8
Common variable
immunodeficiency 1

IL21

AR

4q27

# 615767

IL-21 deficiency

CTLA-4

AD

2q33

#616100

AR/AD

17p11

#240500

Autoimmune
lymphoproliferative
syndrome type V
TACI deficiency

COG6

AR

13q14

#614576

BTK

XL

Xq22

#300755
#307200

PIK3R1
CD40LG

AR
XL

5q13
Xq26

#615214
#308230

AICDA

AR

12p13

#605258

Disorder of apoptosis
CASP8
AR

2q33

#607271

Caspase 8 deficiency

chronic diarrhea

20q11

#613385

Autoimmune disease,
multisystem with facial
dysmorphism

Enteropathy, chronic
diarrhea, malabsorption,
gastrostomy tube feeding

TNFRSF13B

ITCH

AR

13q33
20q13
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Omenn Syndrome;
Athabascan-type severe
combined immunodeficiency
Omenn Syndrome
LIG4 Syndrome
Partial adenosine deaminase
deficiency

Congenital disorder of
glycosylation, type Ⅲ
Agammaglobulinemia
Isolates growth hormone
deficiency type Ⅲ
Agammaglobulinemia 7
Immunodeficiency with
hyper-IgM type Ⅰ
Immunodeficiency with
hyper-IgM type Ⅱ

12300

Diarrhea autoimune,
HSCT
gastroenteritis, recurrent,
enteropathy
Diarrhea
HSCT
Darrhea autoimmune,
HSCT
panniculite
Colitis, IBD
Ig replacement therapy/
HSCT
Early onset
Ig replacement therapy/
gastrointestinal tract
HSCT
infections, enteritis,
recurrent diarrhea
Early onset IBD
Ig replacement therapy/
HSCT
Early onset IBD and
No specific treatment is
autoimmunity
available
Enteritis, recurrent
diarrhea
Anal anteposition,
recurrent diarrhea, IBD
Diarrhea

Ig replacement therapy/
HSCT
No specific treatment is
available
Ig replacement therapy/
HSCT

[83,84]
[88,90,91]
[92]

[93]
[122]

[94]
[123]
[99,100]

Recurrent gastroenteritis
Diarrhea

[101]
[96,97]

Gastrointestinal tract
infections

[98]

No specific treatment is
available
Immunosuppressive
treatment

[102]
[112]
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MASP2
AR
1p36
#613791
MASP2 deficiency
WELL defined syndromes associated with EO-IBD
TTC7A
AR
2p21
#243150
Multiple intestinal atresia

TTC37

AR

5q15

#222470

SKIV2L

AR

6p21

#614602

NEMO/
IKBKG

XL

Xq28

*300248

X-linked ectodermal
dysplasia and
immunodeficiency

GUCY2C

AD

12p13

#614616

Familial Diarrhea

Defects affecting the integrity of intestinal barrier
COL7A1
AR
3p21
#226600

ADAM17

AR

2p25

#614328

FERMT1/
KIND1

AR

20p12

#173650

EGFR

AR

7p11

#616069

TGFBR1

AD

9q22

#609192

TGFBR2

AD

3p24

#610168

IBD, UC-like

[113]

Multiple areas of atresia
along the small and large
intestines,
Intestinal malrotation
Intraluminal calcification,
bowel distention Mucous
membrane ulceration
Diarrhea, severe villous
atrophy
Diarrhea, colitis, severe
and intractable villous
atrophy
CD-like colitis, villous
atrophy, recurrent
digestive tract infections,
intractable diarrhea and
recurrent ulcerations
Early onset chronic
diarrhea, IBD, CD, smallbowel obstruction,
esophagitis, irritable
bowel syndrome, ileal
inflammation, abdominal
pain

Trico hepato enteric
syndrome
Trico hepato enteric
syndrome 2

Dystrophic epidermolysis
bullosa

Gastrointestinal
complications, diarrhea,
colitis, esophageal blisters
strictures, anal blisters,
constipation
Neonatal inflammatory skin
Perioral and perianal
and bowel disease 1
erythemas with fissuring,
diarrhea, malabsorption,
plasma cell duodenitis
crypt hyperplasia, villous
atrophy
Kindley syndrome
Intestinal involvement
with haemorrhagic
diarrhoea, UC
Neonatal inflammatory skin
Diarrhea
and bowel disease 2
Loeys-Dietz syndrome,
Gastrointestinal
type 1
disorders,
Loeys-Dietz syndrome,
type 2

Surgery

[103-105]

Parenteral nutrition

[107,108]

Ig supplementation

[106]

HSCT

[109,110]

Parenteral nutrition

[111]

Immuno myeloablative
chemotherapy and
allogenic HSCT

[114]

EGFR Ligands

[115]

No specific treatment is
available

[116]

No specific treatment is
available
Medication and
preventative surgery

[117,118]
[119]

IBD: Inflammatory bowel disease; UC: Ulcerative colitis; HSCT: Hematopoietic stem cell transplantation; CD: Crohn's disease.

[25]

4.37 per 100000 children .
Below we discuss how monogenic disorders
involving different immune mechanisms can similarly
be responsible for VEO-IBD.

Hyper and autoinflammatory disorders

A chronic or episodic inflammatory disease of the
intestine can occur as part of a complex clinical picture
in subjects affected by several autoinflammatory
disorders.
Mevalonate kinase deficiency (MKD) is an auto
somal recessive disease caused by mutations in the
MVK gene and it is characterized by febrile attacks
associated with diarrhea, vomiting and abdominal
pain. The occurrence of abdominal pain and diarrhea,
sometimes with blood and mucus, together with
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leukocytosis, chronic anemia and increased CRP could
[28]
raise the suspicion of IBD . In most cases intestinal
inflammation occurs only during febrile flares, yet the
use of glucocorticoids can hidden the typical periodicity
of the disease, reducing the severity but increasing the
frequency of symptoms, thus making more difficult
[29]
the diagnosis . In some cases, patients with MKD
may present with VEO-IBD with the characteristics of
indeterminate colitis. Of note, treatment with anti-IL-1
agents can allow relieving inflammatory colitis as well
as other febrile and inflammatory features typical of
[30-32]
the disease
.
IBD can be also more frequent and severe in
patients with MEFV mutations. Identification of MEFV
can allow diagnosis of Familial Mediterranean Fever
[33,34]
and effective treatment with colchicine
.
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Recently, a de novo missense mutation (S707T)
in the PLCG2 gene has been detected by the exome
analysis in two patients suffering from an autosomal
dominant inflammatory disorder with severe enterocolitis
and mild immunodeficiency, even if it is not clear
whether gut inflammation is facilitated by the hyper[35]
inflammatory defect or by the immunodeficiency .
Familial cold autoinflammatory syndrome-2, a
systemic auto-inflammatory disease caused by hetero
zygous mutations in the NLRP12 gene can present
abdominal pain vomiting and buccal aphthous ulcers
[36]
together with cold-induced fever
and in some cases
[37]
hypogammaglobulinemia .
Familial cold autoinflammatory syndrome 4 is an
autosomal dominant disease caused by heterozygous
mutation in the NLRC4 gene and characterized by
intermittent episodes of rash, arthralgia, and fever after
[38]
exposure to cold . Recently a family was reported
with a syndrome featuring neonatal onset enterocolitis,
in which the father and two respective sons carried
a missense mutation (V341A) in the NLRC4 gene. It
has also been shown that this mutation, functionally
associated with gain of function, cosegregates in the
[39]
family with the disease .
[40]
Canna et al
report a de novo missense sub
stitution (T337S) on NLRC4 NBD domain that causes
early onset recurrent fever flares and macrophage
activation syndrome (MAS).

Defect of cytotoxicity and hyperinflammation

The association of inflammatory enterocolitis with MAS
can be found also in subjects with XIAP mutations,
[41]
as described by Worthey . Indeed, XIAP deficiency,
already associated with X-linked lymphoproliferative
syndrome-2 (XLP2), can be the cause of Crohn’s like
[42]
features in the absence of MAS . In particular, Zeissig
[43]
et al
identified XIAP private variants in absence of
symptoms related to XLP2 in a cohort of German boys
with early onset CD. Of note, macrophage activation
in subjects with XIAP deficiency is a compensatory
phenomenon sustained by Interferon-γ production
by lymphocytes and natural killer cells with impaired
antiviral capacity, thus it is not of autoinflammatory
origin. Similarly, the development of Crohn’s-like
disease seem to be due to a deficiency rather than
to an excess of XIAP function, leading to defective
activation of NOD2 in monocytes. In contrast to
lymphohistiocytosis, IBD has been reported also in
[44]
female subjects heterozygous for XIAP mutations .
Inflammatory colitis has been reported also in
anecdotal cases of subjects with X-linked lympho
proliferative syndrome, although in this case the
[45]
mechanisms are unknown .
Hermansky-Pudlak syndrome (HPS) is a rare
autosomal recessive disease characterized by typical
syndromic features including albinism, hemorrhagic
diathesis, and pigmented reticuloendothelial cells. The
HPS patients with specific mutations in the respective
genes (HPS-1, HPS-4, HPS-6) have major organ
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involvement including also severe granulomatous
[46-50]
colitis with pathologic features suggestive of CD
.

Immune regulation and dysregulation disorders (innate
and adaptive immune responses)

Autoimmune enteropathy is part of the X-linked
immune dysregulation, polyendocrinopathy, entero
pathy disease and it is caused by FOXP3 gene
mutations. Although the disorder has distinctive
features making it well distinguishable from IBD,
mutation in FOXP3 have been recently associated with
[51]
very-early IBD phenotype .
Autoimmune enteropathy has been described,
albeit more rarely, also in the autoimmune polyen
[52]
docrinopathy syndrome type .
In recent years, several studies highlighted the
causative role of the immunoregulatory cytokine
[53-62]
IL-10 and of its receptor in the early onset IBD
and the genetic analysis of IL-10, IL10RA, IL10RB
has became routinely in patients who developed the
first symptoms within the 3 mo of life, regardless of
[63]
parents’ consanguinity .

Defects in phagocyte bacterial killing and neutropenia

Neutrophil defects are often associated with intestinal
inflammation. In particular, subjects with glycogen
storage disease-type 1b show neutrophil dysfunction
and run increased risk of developing Crohn’s Disease[64-66]
like
.
In a similar manner, subjects with defect of G6PC3,
often develop CD-like inflammation, which is also
[67]
associated with persistent T cell lymphopenia .
Other neutrophil defects associate with early onset
IBD include Leukocyte Adhesion Deficiency-1 (LAD-1,
ITGB2 mutated), which can be associated with chronic
[68]
ileocolitis , early onset ulcerative colitis and a non[69]
specific Crohn’s like colitis
as well as with bacterial
infections.
However, the best characterized defect of pha
gocytes associated with VEO-IBD is chronic gra
nulomatous disease (CGD), both in its X-linked
and autosomal recessive forms. Severe infections
by catalase positive bacteria and fungi are usually
prominent clinical features, however, cases presenting
first with intestinal inflammation, often in the first
months of life, are not rare, in particular among
[70-73]
subjects with autosomal recessive CGD
. IBD in
subjects with CGD reproduces the clinicopathological
[74]
[75]
features of CD . Recently, Dhillon et al
found
some variants in heterozygosis in NADPH complex
genes not leading to appreciable immunodeficiency,
yet associated with susceptibility to VEO-IBD. Actually,
the pathogenesis of inflammation in CGD could also
be attributed to a deficiency of autophagy, leading
to autoinflammatory response dominated by IL-1
[76]
release .

T and B lymphocyte selection and activation defects

Intestinal inflammation is a common feature in several
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PID affecting adaptive immunity.
Wiskott Aldrich Syndrome, an X-linked PID due
to mutation in WASP protein, can often present with
neonatal or infantile hemorrhagic and inflammatory
colitis that can occur before other typical signs such
[77,78]
as dermatitis and infections
. Thrombocytopenia
with small platelets and in some cases also hypogam
maglobulinemia usually with normal/high-IgA can help
[79]
addressing the correct diagnosis .
Severe combined immunodeficiency (SCID) is often
followed by enteropathy and failure to thrive, even
before infections. In some cases a low lymphocyte
count per age can raise the suspicion of SCID.
However, in other cases with hypomorphic mutations
in SCID associated genes, such as DCLRE1C, RAG1,
RAG2, LIG4, ADA, IL2RG, CD3G, ZAP70 and LCK,
lymphocyte count can be normal due to the develo
[25,80-84]
pment of dysfunctional lymphocytes
. Rarely, a
leaky SCID may present for years with IBD only, in the
absence of severe infections. The presence of other
signs such as severe eczematous rash should raise the
[81,85]
suspicion of a SCID
.
In all these cases only the analysis of lymphocyte
subsets, and in particular of recent thymic emigrants
(or the molecular measure of T cell receptor excision
[86]
circles) can assist the correct diagnosis .
Common variable immunodeficiency (CVID) is
also associated with intestinal inflammation, but the
[87,88]
disease rarely occurs in the first years of life
.
The development of IBD seems to be favorished by
[89]
dysregulation of T-cells derived cytokines .
Although the CVID is a polygenic disease, there
are a low percentage of cases due to specific genetic
defects such as LPS-responsive beige-like anchor
(LRBA), ICOS and IL-21, which may often present with
earlier onset in life.
In particular, deficiency of the LRBA gene has been
found in patients affected by CVID with early onset
hypogammaglobulinemia, inflammatory bowel disease
[88,90]
[91]
and autoimmune cytopenia
. Serwas et al
re
cently identified a new missense mutation in the LRBA
gene in a young girl with severe early IBD-like disease
without other manifestations of immunodeficiency.
Other forms of CVID associated with IBD include
deficiencies of ICOS gene, CTLA-4, PD-1, IL-21,
[92-95]
TNFRSF13B and COG6
.
IBD-like phenotype was observed also in patients
with hyper-IgM syndrome resulting from defects in the
[96,97]
[98]
CD40 ligand
, AID genes
and in subjects with
[99,100]
agammaglobulinemia due to defects in BTK
or
[101]
PIK3R1 .

Disorders of apoptosis

Several cellular mechanisms such as the embryonic
development, cell differentiation and the elimination
from the intestine and from other body parts are
regulated by the caspases that are cysteine proteases.
Caspase dysfunction has been associated with IBD,
in particular CASP-8 is involved in the inflammation

WJG|www.wjgnet.com

of the mucosa and controls in the CD patients the
necroptosis of the Paneth cells and the death of the
[102]
epithelial cells .

Well defined syndromes associated with early onset IBD

The multiple intestinal atresia (MIA) combined with
[103]
SCID, is caused by mutations in the TTC7A gene
.
Recently MIA was reported in different families with a
[104,105]
very early onset form of apoptotic enterocolitis
.
Another immunodeficiency associated with low
numbers of B cells and immunoglobulins is the Tricho
Hepato Enteric Syndrome, a syndromic diarrhea
usually associated with mutations in the TTC37 or in
[106-108]
the SKIV2L gene
.
X-linked anhidrotic ectodermal dysplasia with
immunodeficiency, caused by hypomorphic mutations
in the nuclear factor-kB essential modulator (NEMO),
is associated both with epithelial and immune defects.
Except for syndromic features of ectodermal dysplasia
and susceptibility to infection from various pathogens,
patients often present severe chronic colitis, which in
some cases has been reported to worsen after HSCT,
probably depending on the engraftment of donor
immune cells on the background of defective host
[109,110]
epithelial cells
.
Other syndromes with early onset chronic diarrhea
intestinal inflammation comprise defects of GUCY2C,
an intestinal receptor for the heat stable bacterial
[111]
enterotoxins , ITCH, involved in the ubiquitin-editing
[112]
protein complex , and MASP2 which is an important
[113]
bactericidal factor .

Defects affecting the integrity of intestinal barrier

Mutations in the type Ⅶ collagen gene (COL7A1)
induced the dystrophic epidermolysis bullosa, a geno
dermatosis. IBD can develop both from mutations in
COL7A1 and from acquired defects in this protein due
[27,114]
to autoimmunity
.
Other molecules involved in the intestinal barrier
include ADAM17A, which has been associated to an
autosomal neonatal recessive syndrome characterized
[115]
by inflammatory skin and bowel disease .
Recessive mutations in KIND1/FERMT1 gene are
responsible for Kindler syndrome, characterized by
skin blistering, poikiloderma, photosensitivity and
sometimes UC-like gastrointestinal symptoms and
[116]
haemorrhagic diarrhea .
EO-IBD can be observed also in patients with EGFR
[117,118]
deficiency, together with skin disease
.
More complex is probably the pathogenesis of
IBD in Loeys-Dietz syndrome, an autosomal disease
caused by mutations in the TGFBR1 and TGFBR2
genes that encode respectively for the receptor type 1
[119]
and 2 of the transforming growth factor β
.

CONCLUSION
When we are faced with a patient with symptoms
related to chronic inflammatory bowel disease, it is
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essential to consider first both the age of onset and
the severity of symptoms just to find out whether the
patient is suffering from classical multifactorial IBD
or if we are facing a severe clinical case, potentially
caused by a monogenic form, as which characterized
by a more severe phenotype and resistant to tra
ditional therapies. This first classification is critical
to guide genetic investigation. The identification of
monogenic forms, that are quite rare, can have high
impact on the therapeutic options, with particular
reference to hematopoietic stem cell transplantation.
Thus, in case with early onset and severe or atypical
features, the genetic research should be directed
toward the identification of a mendelian form of the
disease. Target sequencing of multiple candidate
genes can be accomplished with technologies such as
the ION TORRENT, which are now available in many
laboratories. The target sequencing must be designed
to analyze all those genes that up to that time have
been identified associated with a particular phenotype
with severe early onset. In cases with high suspicion of
a mendelian cause, but with normal target sequencing
results, a more complete and sensitive analysis can
be performed by comparison of the patients’ whole
exome sequence with that of their parents and/or
[120]
relatives .
When a monogenic disorder underlying intestinal
inflammation is detected, we should discard the
diagnosis of IBD and refer to IBD-like inflammation.
This is easy and correct when we are dealing with welldefined PID, such as Wiskott Aldrich disease or chronic
granulomatous disease. The distinction is much more
tricky when we found other immune defects, such as
those involving XIAP or LRBA.
An easy distinction could be based on the functional
consequences of the genetic defect. It has been
proposed that cases with lack of immunity should be
indicated as PID, whilst the diagnosis of IBD should
be reserved to cases with hyper-response of innate
and adaptive immunity. However, it has been argued
that excessive or defective immune responses can
lead to similar inflammatory disorders, highlighting
the importance of a proper functioning of immunity
[121]
for intestinal homeostasis . What makes even more
complicated the clinical picture, is the fact that, a
continuum may exist between severe defect, leading
to both infections and inflammation signs, and mild
defect, presenting only inflammatory signs.
Molecular genetics can help distinguishing inborn
defects with excessive or defective immunity but,
even more importantly, allow to discriminate defects
expressed only in hematopoietic-derived cells from
defect with an important role also in intestinal
epithelium. In the first case (e.g., in subjects with
neutropenias, Wiskott Aldrich disease and chronic
granulomatous disease) HSCT is able to cure both
the immunodeficiency and gut inflammation; in the
second case (e.g., defects of NEMO, NOD2) HSCT can
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be ineffective. More difficult is to predict the success
of HSCT in other disorders in which the genetic defect
can be important both in hematopoietic-derived cells
and epithelia.
In brief, inflammatory bowel disease can be the
result of different genetic mechanisms leading to
common inflammatory phenotypes and requiring
similar treatments. VEO-IBD is often resistant to con
ventional treatment.
Finding the molecular cause in single individuals
could open the way to the development of novel and
more specific therapeutic approaches.
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Core tip: Liver disease is a major cause of mortality
and morbidity in human immunodeficiency virus (HIV)
positive patients. It is therefore increasingly likely that
HIV positive patients with chronic liver disease are
likely to present as potential liver transplant candidates.
We therefore review the current data with regards to
liver transplantation in HIV positive patients.

Abstract
End-stage liver disease (ESLD) is a leading cause
of morbidity and mortality amongst human immuno
deficiency virus (HIV)-positive individuals. Chronic
hepatitis B and hepatitis C virus (HCV) infection, drug-
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induced hepatotoxicity related to combined antiretro-viral therapy, alcohol related liver disease and
non-alcohol related fatty liver disease appear to be
the leading causes. It is therefore, anticipated that
more HIV-positive patients with ESLD will present
as potential transplant candidates. HIV infection is
no longer a contraindication to liver transplantation.
Key transplantation outcomes such as rejection and
infection rates as well as medium term graft and
patient survival match those seen in the non-HIV
infected patients in the absence of co-existing HCV
infection. HIV disease does not seem to be negatively
impacted by transplantation. However, HIV-HCV coinfection transplant outcomes remain suboptimal due to
recurrence. In this article, we review the key challenges
faced by this patient cohort in the pre- and posttransplant period.

Joshi D, Agarwal K. Role of liver transplantation in human
immunodeficiency virus positive patients. World J Gastroenterol
2015; 21(43): 12311-12321 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i43/12311.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i43.12311
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32%

INTRODUCTION

29%

The management and treatment of human immuno
deficiency virus (HIV)-1 infection was revolutionized
in 1996 in Western Europe and North America
following the introduction of combined anti-viral
therapy (cART), resulting in the reduction of acquired
immune deficiency syndrome (AIDS) and AIDS[1]
related deaths . Such was the success of cART, that
now more than 50% of deaths in HIV-positive patients
on cART are not directly related to HIV infection or
[1-3]
AIDS . The increase in non-AIDS related morbidities
compared to the general population appears to
be multifactorial: HIV infection leads to a state of
immune dysregulation and inflammation whilst cART
[4]
predisposes to dyslipidaemia and diabetes . The most
recent D:A:D (Data collection on adverse events of
anti-HIV drugs) study demonstrated that liver disease
is now the second commonest cause of a non-AIDS
related death, having been overtaken by non-AIDS
[5]
defining cancers (Figure 1) .
Liver related mortality however, remains high.
Given the similar transmission routes, co-infection with
chronic hepatitis C virus (HCV) and chronic hepatitis
[6]
B virus (HBV) is common . Other liver-related
aetiologies amongst HIV-positive individuals include
cART related liver toxicity, alcohol, non-alcohol related
liver disease (NAFLD) and hepatocellular carcinoma
(HCC). HIV positive patients present with the same
clinical sequelae of chronic liver disease as HIV nega
tive patients but tend to present at a younger age and
a markedly reduced survival rate after the first episode
[7]
of decompensation . In HIV-positive patients with
compensated cirrhosis an increased mortality rate is
associated with age > 50 years, model for end-stage
liver disease (MELD) score > 11 and poor control of
[8]
HIV disease .

PRE-LIVER TRANSPLANTATION
Viral aetiologies

One third of patients with HIV infection are co-infected
with chronic HCV, and the majority of deaths in HIVpositive patients with end-stage liver disease (ESLD)
[8]
can be directly attributable to HCV infection . At-risk
groups include intravenous drug users, haemophiliacs
who were exposed to contaminated infusions of
plasma derived factor Ⅷ or Ⅹ concentrate and men
[9]
who have sex with men (MSM) . Recent data has
demonstrated an increasing incidence of acute HCV
cases in MSM who are HIV-positive acquired through
[10,11]
sexual transmission
.
HCV infection in a HIV positive individual is associated
with a reduced rate of spontaneous HCV RNA clearance
and therefore, more likely to result in chronic HCV
[12]
infection . HIV/HCV co-infection results in a more
aggressive, rapid fibrosis progression rate compared
[13-15]
HCV mono-infected patients
. In a study of 135
patients with HIV/HCV followed over a median of
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Figure 1 Causes of death amongst human immunodeficiency virus-positive
patients. Adapted from Smith et al [5]. AIDS: Acquired immunodeficiency
syndrome; CVD: Cardio-vascular disease.

3 years, 44% had evidence of fibrosis progression
[16]
whilst 13% developed cirrhosis . Mechanisms for the
accelerated fibrosis rates include up-regulation of profibrotic pathways, enhanced microbial translocation,
+
increased numbers of pro-fibrogenic CD8 cells,
+
reduction in CD4 cells and reduction of interleukin-10
[12,17-20]
expression
. Clinical factors predictive of fibrosis
progression include detectable HIV viraemia, low
+
CD4 counts, baseline necro-inflammatory activity
on liver biopsy and increased alcohol consumption (>
[16,21]
50 g per day)
. Survival after the first episode of
hepatic decompensation is inferior amongst HIV/HCV
co-infected patients compared to HCV mono-infected
[22]
patients; median estimated survival of only 13 mo .
Treatment of HCV in HIV-positive patients with
pegylated-interferon (PEG) and ribavirin was ass
ociated with an increased side-effect profile and
inferior sustained virological response rates (SVR)
[23-25]
. The advent of the new directly
of 17%-35%
acting antiviral (DAAs) agents have dramatically
improved outcomes amongst HIV/HCV co-infected
patients. The first generation of the new DAAS were
boceprevir and telaprevir, both NS3A/4 protease
inhibitors (PI). In phase Ⅱ studies, triple therapy
with boceprevir or telaprevir in conjunction with PEG
and ribavirin resulted in SVR rates of 63% and 74%
respectively in HIV-positive HCV genotype 1 infected
[26,27]
patients
. Simeprevir, a second generation NS3/4
PI, plus PEG and ribavirin has also been evaluated
in a Phase Ⅲ trial demonstrating SVR12 rates of
[28]
74% . Sofosbuvir, a NS5B polymerase inhibitor, has
pan-genotypic activity and a high genetic barrier to
resistance with no significant drug interactions with
cART. Sofosbuvir plus weight-based ribavirin has been
evaluated in the PHOTON-1 study in genotypes (G)
[29]
1-3 . Results demonstrated SVR12 rates similar
to HCV mono-infected patients (G1 76%, G2 88%,
[29]
G3 67%) with no evidence of HIV breakthrough .
SVR rates of 98% were recently published using
the combination of ledipasvir and sofosbuvir for 12
[30]
wk . TURQUOISE-I was a randomised, open label
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Non-viral aetiologies

Table 1 Drug-drug interactions between directly acting antihepatitis C virus directly acting antiviral and combined antiviral therapy
Anti-HCV DAA
Boceprevir

Telaprevir
Simeprevir

Daclatasvir

Sofosbuvir

cART not recommended
Atazanavir
Darunavir/ritonavir
Efavirenz
Ritonavir
Darunavir
Lopinavir/ritonavir
Atazanavir
Efavirenz
Darunavir/ritonavir
Nevirapine
-

Dose changes

Efavirenz - dose increased
to 1125 mg TDS

Efavirenz - dose increased
to 90 mg OD
Atazanavir and protease
inhibitors - dose reduced
to 30 mg OD

Didanosine
Zidovudine

DAA: Directly acting antiviral; cART: Combined anti-viral therapy; HCV:
Hepatitis C virus.

study assessing the all-oral 3 direct-acting antiviral
(3D) regimen of ombitasvir, paritaprevir (co-dosed
with ritonavir), dasabavir and ribavirin in HIV-HCV
[31]
(genotype 1) co-infected patients . SVR rates for
12 wk and 24 wk of this all oral treatment regimen
were 94% and 91% respectively with minimal side[31]
effects . Drug-drug interactions between the antiHCV DAAs and cART medications are concerning. Table
1 summarises possible interactions and recommended
dose adjustments where appropriate.
All HIV/HCV positive patients listed for liver
transplantation should be considered for anti-viral
therapy. HIV/HCV co-infected patients with decom
pensated cirrhosis, where the treatment aim is viral
suppression prior to liver transplantation, should be
treated with sofosbuvir and weight based ribavirin for
[32]
up to 48 wk .
Ten percent of the HIV-positive population have
[33]
evidence of chronic HBV infection . Vertical trans
mission of HBV remains the most common route
of infection worldwide, whilst sexual transmission
and percutaneous transmission is more common in
[34]
Europe and North America . Chronic HBV infection
is more common in HIV-positive patients, especially
+
[35]
individuals with low CD4 cell counts . In addition,
HIV/HBV co-infected patients have higher HBV DNA
titres compared to HBV mono-infected patients,
which translates into accelerated fibrosis rates and
[36]
an increased risk of developing HCC . Anti-iral
therapy is considerably easier in HIV/HBV co-infected
patients compared to HIV/HCV co-infected patients
due to nucleos(t)ide reverse-transcriptase inhibitors
(lamivudine, emtricitabine and tenofovir) that have
both anti-HIV and anti-HBV activity.
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Abnormal liver enzymes are common in HIV-positive
patients occurring in up to two thirds of patients on
[37]
cART . Identifying the culprit drug can be difficult
due to the use combination therapies. Patterns of liver
injury include hypersensitivity, idiosyncratic hepato
toxicity, mitochondrial toxicity, immune reconstitution
[38-40]
syndrome and hepatic steatosis
. Non-cirrhotic
portal hypertension (NCPH) is an increasingly reco
gnised clinical entity amongst HIV-positive patients
[41]
especially those with previous didanosine exposure .
The pathogenesis of NCPH has been linked to a prothrombotic state. The histological spectrum includes
nodular regenerative hyperplasia, hepatoportal
sclerosis, peri-portal fibrosis and sclerosing portal veno
[42-44]
pathy
.
Steatosis and steatohepatitis are common in
diabetics, alcohol users and those with features of the
[45,46]
metabolic syndrome
. Compared to the general
population (14%-31%), NAFLD is more common in
[47,48]
. The D:A:D
HIV-positive patients (30%-40%)
study highlighted that the prevalence of the metabolic
syndrome has increased over the last decade from
[49]
19% in 2000-2001 to 42% in 2006-2007 . This
is likely to result in an increase in the prevalence of
NAFLD, given that NAFLD is the hepatic manifestation
of the metabolic syndrome. There is limited data
available on the risk factors for NAFLD in HIVpositive patients but attention has focused on the
role of cART because of its negative effects of insulin
resistance, glucose metabolism and lipid metabolism.
Central adiposity, male sex, low serum high-density
lipoprotein levels, raised triglycerides levels and
an increased ratio of alanine aminotransferase to
aspartate aminotransferase have been suggested as
[46]
risk factors for the development of NAFLD . Raised
gamma glutamyl transpeptidases and HOMA-IR > 2.5
are associated with NASH independent of cART and
[50]
abdominal fat .
Hepatocellular carcinoma (HCC) cases in HIVpositive patients is expected to increase predominately
due to the co-infection in chronic HBV and HCV
infection. Data from the MORTAVIC study and the
French Mortalite study has certainly demonstrated
[8,51]
an increased number of deaths related to HCC
.
HIV-positive patients with HCC tend to present at
a younger age with symptomatic and multiple or
[36]
invasive disease . HIV-positive patients with cirrhosis
should undergo 6-monthly surveillance with a liver
ultrasound and serum alpha-feto protein. Standard
treatment therapies (radio-frequencu ablation,
transarterial chemo-embolisation, liver resection and
liver transplantation) should be considered on an
individual patient basis.

Selection criteria for liver transplantation in HIV-positive
individuals

HIV-positive patients with liver disease should be
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Table 2 Criteria for liver transplantation in human immuno
deficiency virus-positive individuals
The criteria for liver transplantation are met
CD4+ cell count > 100 cells/μL (> 200 cells/μL with a previous history
of opportunistic complications)
HIV viral load < 50 copies/mL (using ultrasensitive Amplicor Monitor
PCR assay)
Absence of AIDS-defining illness1
Absence progressive multi-focal leukoencephalopathy, chronic
intestinal cryptosporidiosis (> 1 mo) or primary CNS lymphoma
1

None after combined anti-viral therapy-induced immune reconstitution.
CNS: Central nervous system; AIDS: Acquired immune deficiency
syndrome; HIV: Human immunodeficiency virus.

managed in a multi-disciplinary environment with an
experienced transplant hepatologist and HIV physician.
Given their rapid disease kinetic, HIV-positive pa
tients with end stage liver disease (ESLD) need to
be identified early. The MELD score appears to be a
sensitive predictor of patient outcome amongst HIV[52,53]
positive patients pre-liver transplantation
. Even
+
after adjusting for CD4 counts and HIV RNA titres,
the MELD score remains the only significant predictor
[52]
of mortality .
Guidelines for liver transplantation in HIV-positive
patients have evolved as our experience with this
cohort has increased. The current United States
National Institutes of Health multicenter trial guidelines
for liver transplantation in HIV-positive patients with
chronic liver disease are listed in Table 2.
Optimal control of HIV disease is required for all
HIV-positive patients undergoing consideration for liver
transplantation. In patients with portal hypertension,
splenic sequestration of T lymphocytes can lead to a
+
+
fall in the CD4 T cell count. In such cases a CD4 cell
count > 100 cells/mL is acceptable. Historically, a fall in
+
the CD4 cell count could also be precipitated by the
+
use of PEG. In our opinion, CD4 T cell percentages
may represent a more sensitive indicator of immune
reconstitution in HIV-positive patients with portal
hypertension. HIV-positive patients undergoing
evaluation for liver transplantation also require an
undetectable HIV viral load (< 50 copies/mL) except
for those that presently acutely. The inability to
achieve an undetectable HIV RNA viral load before liver
transplantation has been associated with an increased
[53]
mortality rate (HR = 3.5, P < 0001) . In addition
to good therapeutic options available in the pretransplant period, HIV-positive patients require future
cART options based upon their previous regimens and
genotype resistance testing.
Certain HIV-positive patients may not be able to
tolerate cART medications pre-liver transplantation due
to poor liver synthetic function. This group should not
be automatically excluded from liver transplantation
as long as control of their HIV is deemed possible
post-liver transplantation. cART intolerance post-
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liver transplantation, however has been identified
[54]
as an important predictor of survival . A thorough
knowledge of past opportunistic infections is also
required. A distant history of an opportunistic infection
in a patient that was not taking cART is not a contrain
dication to liver transplantation unless there is no
effective treatment available for possible recurrence
post-liver transplantation. Absolute contra-indications
include multidrug resistant HIV infection, resistant
fungal infections, chronic intestinal cryptosporidiosis,
progressive multi-focal leukoencephalopathy and
central nervous system lymphoma.

POST-LIVER TRANSPLANTATION
Standard surgical techniques with conventional arterial,
venous and biliary anastomoses are recommended.
Previous concerns regarding the possible transmission
of HIV to the surgical team appear to be unfounded.
The risk of HIV transmission is low and substantially
[55]
lower than the risk of transmission of HBV and HCV .
In the event of HIV exposure, current regimens
[55]
provide effective prophylaxis . HIV infection is
associated with a pro-thrombotic state and therefore
concerns have been raised regarding an increased
[56]
risk of vascular complications post transplantation .
Data appears to be conflicting regarding an increased
incidence of hepatic artery thrombosis and at present
[57,58]
no firm conclusions can be drawn
. In our
institution, we introduce prophylactic subcutaneous
heparin (5000 units every 8 h) once the international
normalised ration is below 1.5 and the platelet count is
9
greater than 50 × 10 cells/L.

Historical experiences

Initial case series of HIV-positive patients undergoing
[59,60]
liver transplantation reported poor outcomes
.
It is important to note that this was before the
introduction of cART regimens. Retrospective data
since has demonstrated an increasing understanding
of the complexities faced by this unique patient cohort.
One of the largest studies performed analysed data
provided by the US United Network for Organ Sharing
(UNOS) liver transplant database (1997-2006) and
[61]
identified 138 HIV-positive patients . Overall survival
rates were inferior in the HIV-positive cohort compared
to a comparative HIV negative cohort (n = 30520) at
2- and 3-years post transplant (70% and 60% vs 81%
and 77%, P < 0.047). Considerable data however, was
missing from the HIV cohort raising the possibility that
HIV infection may not have been optimally treated
prior to liver transplantation.

Outcomes amongst HCV/HIV co-infected patients

Outcomes in HIV/HCV co-infected patients is clearly
suboptimal when compared to other aetiologies;
survival rates ranging between 64%-88% at 1
[54,62-64]
year and 33%-51% at 5 years
. To date, two
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Table 3 Prospective studies conducted in human immunodeficiency virus/hepatitis C virus co-infected patients undergoing liver
transplantation
1

n

Patient survival

Incidence of ACR

Risk factors for death amongst HIV/HCV recipients

[65]

Miro et al , 2012

HIV/HCV - 84
HCV - 252

1, 3, 5 yr: 88%, 62%, 54%
1, 3, 5 yr: 90%, 76%, 71%1

38%
20%1

Terrault et al[66], 2012

HIV/HCV - 89
HCV - 235

1 and 3 yr: 92% and 79%
1 and 3 yr: 76% and 60%1

39%
24%1

HCV G1
Donor risk index
MELD score
Center < 1 transplant/yr2
Combined liver-kidney transplant
BMI < 21
Anti-HCV positive donor
Older donor

Statistically significant (P < 0.05); 2Less than one liver transplant per year in a human immunodeficiency virus (HIV)-infected patient. HCV: Hepatitis C
virus; BMI: Body mass index; ACR: Acute cellular rejection.
1

prospective studies have been performed in HIV/HCV
co-infected patients undergoing liver transplantation
(Table 3), one conducted in the United States and the
[65,66]
other in Spain
. The United States study reported
outcomes in 89 HIV/HCV co-infected patients and
235 HCV mono-infected controls performed at 17
[66]
United States centers . Compared to HCV controls,
HIV/HCV co-infected patients were younger (49 years
vs 54 years, P < 0.0001), had lower body mass index
2
2
(BMI) at listing (25 kg/m vs 28 kg/m , P < 0.0001),
more likely to have HBV co-infection (6% vs 1%, P =
0.02), were more likely to receive a non-heart beating
graft (17% vs 4%, P = 0.0002), longer median warm
ischaemia time (41 min vs 21 min, P = 0.001) and
were less likely to be given tacrolimus-based (vs
cyclosporine) initial immunosuppression (58% vs 80%,
P < 0.0001). 1- and 3-year patient survival rates were
76% and 60% in HIV/HCV cohort compared to 92%
and 79% in the HCV mono-infected cohort (P < 0.001).
Graft loss was also significantly higher in the HIV/HCV
co-infected cohort (P < 0.001). Multivariate analysis
identified HIV infection as the only baseline factor
associated with increased risk of death (HR = 2.3, P =
0.002) and graft loss (HR = 1.9, P = 0.01). Analysis
of the HIV/HCV co-infected cohort only identified that
receipt of a combined kidney-liver transplant (HR =
2
3.8, P = 0.003), BMI < 21 kg/m at enrolment (HR =
3.2, P = 0.01), receipt of an anti-HCV positive donor
(HR = 2.5, P = 0.03), and older donor age (HR = 1.3
per decade, P = 0.04) were significant predictors of
reduced graft survival. The cumulative incidence of
acute cellular rejection (ACR) requiring treatment was
significantly higher in HIV/HCV patients compared to
HCV-mono-infected patients (39% vs 24% at year
3, HR = 2.1, P = 0.01). 50% of the cases of ACR
occurred within the first 21 d following LT. Reasons for
the increased incidence of ACR remain unclear but the
immunosuppression protocol post transplantation was
not standardized.
The Spanish study enrolled 84 HIV/HCV coinfected patients and were matched with 252 HCV
[65]
mono-infected patients . This study reported a
higher overall mortality amongst the HIV/HCV co-
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infected recipients (43%, n = 36 vs 30%, n = 75, P
= 0.03) during a median of 3.6 years. Unsurprisingly,
the leading cause of death was HCV recurrence in
both patient cohorts but significantly increased in the
HIV/HCV co-infected cohort (21% vs 12 %, P = 0.049).
1-year patient survival was similar between the two
cohorts (88% vs 90%) but inferior patient survival
outcomes were observed at 3 and 5 years in HIV/HCV
co-infected recipients (62% vs 76% and 54% vs 71%
respectively, P = 0.008). Independent risk factors for
death amongst the HIV/HCV recipients included HCV
genotype 1 (HR = 3.0, P = 0.008), donor risk index (HR
= 9.5, P < 0.01) and a negative HCV RNA viral load
before or after liver transplantation (HR= 0.14, P =
0.009). Important pre-transplant variables predictive
of death included the MELD score (HR = 1.06, P =
0.023) and a transplant center with less than one liver
transplant per year in a HIV-infected patient (HR = 2.3,
P = 0.03). A higher incidence of ACR was once again
reported amongst the HIV/HCV co-infected recipients
(38% vs 20%, P < 0.001).
Recurrence of HCV post liver transplantation is
universal in all patients with detectable HCV viraemia
at the time of liver transplantation. The rate of
HCV recurrence and therefore fibrosis is influenced
by a variety of recipient, donor, viral, infectious
[64,67,68]
and immunosuppression related factors
. An
accelerated disease course is well recognised in
HIV/HCV co-infected patient especially the aggressive
severe fibrosing cholestatic variant of recurrent
[69]
hepatitis C (FCH) . FCH and sepsis appear to be
the leading causes of death post liver transplantation
[62,64,70]
amongst HIV/HCV co-infected patients
. No
reliable markers are available to identify patients
who will develop FCH but higher HCV viral loads
immediately after liver transplantation at week 1
[71]
and week 2 may be an indicator for those at risk .
FCH usually occurs between 2 and 6 mo after liver
transplantation and is associated with a high mortality
(50% at 12 mo) and is invariably refractory to
pegylated interferon (PEG-IFN) and ribavirin (RBV)
[72,73]
antiviral therapy
. However, case reports are
now emerging on the use of the new directly acting
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antivral (DAA) agents in patients with FCH resulting in
a sustained viral response (SVR). Long-term fibrosis
progression rates are also accelerated in HIV/HCV
co-infected patients compared HCV mono-infected
patients with an increased likelihood of progression to
[64]
a fibrosis score ≥ 2 .
Prior to the advent of DAAs, antiviral therapy post
liver transplantation consisted of PEG-IFN and RBV
for a minimum of 48 wk irrespective of HCV viral
[74]
genotype . Most institutions, as in our own, instigated
treatment when histological disease was demonstrable
(F ≥ 2). Reported SVR rates (38%) for the treatment
of recurrent HCV post-liver transplantation in HCV
mono-infected patients were inferior to patients
[75,76]
pre-liver transplantation (60%)
. Data from a
prospective study in HIV/HCV co-infected patients after
liver transplantation demonstrated a SVR rate of only
21% compared to 36% in HCV mono-infected patients
[77]
(P = 0.013) . These poor SVR rates are explained by
the combination of high discontinuation rates (40%),
dose reductions (75%) and haematological toxicity
commonly anaemia.
Data is now emerging on the use of the new
DAAs in HIV/HCV co-infected patients following liver
transplantation which have demonstrated improved
[78,79]
SVR rates
. Certain caveats should be taken
into account when considering anti-viral regimens:
anti- HIV protease inhibitors should be avoided with
boceprevir, a higher telaprevir dose is required in
patients receiving efavirenz based cART. Sofosbuvir
and ribavirin have been used on a compassionateuse basis patients with severe HCV recurrence and in
[80]
patients with FCH post liver transplantation . This
study included both HCV mono-infected and HIV/HCV
co-infected patients. Overall SVR rates were 59%
with higher SVR rates (73%) reported in patients
[80]
with early severe recurrence . In addition, the use
of sofosbuvir and ribavirin appeared safe and also
resulted in an improvement in liver biochemistry,
MELD and ascites. The SOLAR-1 study was a large,
multicenter, randomized controlled trial that included
liver transplant recipients with HCV recurrence with
[81]
genotype 1 and 4 HCV . Patients received ledipasvir,
sofosbuvir and ribavirin for either 12 or 24 wk. The
results demonstrated only 2% of patients discontinued
treatment due to adverse events and encouraging
SVR12 rates that varied with Child-Pugh class (A,
96%; B, 85%; C, 60%). Although HIV-HCV co-infected
patients were not included in this study, these results
are encouraging and are applicable to the HIV-HCV coinfected patients in the post-liver transplant period.
Further studies are waited with DAAs for recurrent
HCV in HIV/HCV co-infected patients post liver trans
plantation.

Outcomes amongst patients without HCV co-infection

Patients co-infected with HBV and non-viral aetiologies
including those that present with acute liver failure,
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have excellent short and long-term outcomes postliver transplantation. Reported median survival at
1-year ranges between 75%-100% and 100% at
[82-84]
5 years
. The largest prospective study to date
in HIV/HBV co-infected patients was conducted in
21 patients for a median of 42 mo with no patient
[85]
suffering graft loss .
The key difference between HIV/HBV and HIV/HCV
co-infected patients is the presence of highly potent
anti-viral agents against HBV in the therapeutic
armamentarium. Patients co-infected with HBV
receiving cART will undoubtedly be receiving an oral
nucleo(s)tide analogue that will have anti-viral actions
against both HIV and HBV. Tenofovir in conjunction
[85,86]
with emtricitabine (Truvada) is recommended
.
The use of these highly efficacious, potent oral agents
results in the majority of patients undergoing liver
transplantation with an undetectable HBV viral load.
Immuno-prophylaxis with Hepatitis B Immunoglobulin
(HBIg) is recommended in the post-liver transplant
period indefinitely. Reported data on the use of HBIg
and oral anti-viral agents has demonstrated that this
combination is highly effective at preventing HBV
recurrence even in those who have a detectable
[87]
HBV viral load at the time of liver transplantation .
Data on patients with HIV and non-viral liver disease
undergoing liver transplantation is limited but evidence
suggests that these patients have similar survival rates
[82,84]
as HIV-negative patients
.
Liver transplantation for HCC in HIV positive patients
has been performed although the experience remains
limited. A single center experience compared outcomes
in 21 HIV-positive patients against 65 HIV-negative
[88]
patients . The authors reported a trend towards a
higher dropout rate amongst the HIV positive patients
but overall survival following liver transplantation at
1 and 3 years (81% and 74%, HIV positive group vs
93% and 85%, HIV negative group) and recurrence
free survival at 1 and 3 years were similar between the
two groups (69% and 69%, HIV positive group vs 89%
[88]
and 84%, HIV negative group) .
Another study, this time across 3 centers, compared
30 HIV positive patients with 125 HIV negative
[89]
patients . Once again similar survival rates between
the two groups were reported (77% and 65%,
HIV positive group vs 85% and 70%, HIV negative
[89]
group) . The time to HCC recurrence was longer
in the HIV positive group (27 mo) compared to the
HIV negative group (10 mo, P < 0.01) but mortality
remained similar suggesting the possible positive role of
cART in attenuating hepato-carcinogenic progression.

Immunosuppression

Immunosuppression should be tailored to the individual
taking into account aetiology of liver disease, renal
function, risk factors for the metabolic syndrome and
specifically to HIV patients the possible interactions
with cART. Dual immunosuppression with calcineurin
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Table 4 Antiretroviral medications and their effect on
calcineurin inhibitors
Drug

Effect on CNI level

Protease inhibitor
Darunavir
Fosamprenavir
Lopinavir
Ritonavir
Saquinavir
Non nucleoside reverse transverse inhibitors
Efavirenz
Nevirapine
Integrase inhibitors
Raltegravir

↑↑
↑↑
↑↑
↑↑↑
↑↑
↓↓
↓↓
No effect

CNI: Calcineurin inhibitors.

inhibitors and cortico-steroids is recommended postliver transplantation. Target trough levels in the first
3 mo should be the same as HIV negative patients
(cyclosporin, 100-250 ng/mL; tacrolimus, 8-10 ng/
mL). Utilising data from HCV mono-infected patients
post-LT, rapid withdrawal of cortico-steroids should
be avoided due to the association of a more severe
[90]
recurrence of HCV . We therefore recommend that
prednisolone, which is usually commenced at 20 mg/d,
be withdrawn by a slow taper at 3 mo. Anti-fungal
prophylaxis (fluconazole 50 mg/d) should be given for
a minimum of 3 mo post-LT. Episodes of acute cellular
rejection (ACR) should also be managed as one would
in HIV negative patients namely moderate-severe
episodes be treated with a 3-d course of intravenous
methylprednisolone (1 g/d). Consideration of the
nd
introduction of mycophenalate mofetil after the 2
episode of ACR is recommended.
Tacrolimus and cyclosporin are metabolised via
the P450 cytochrome. In addition, non-nucleoside
reverse-transcriptase inhibitors (NNRTIs) and protease
inhibitors, which are commonly part of cART regimens,
are also metabolised by the same pathway, therefore
increasing the risk of drug - drug interactions (see
Table 4). NNRTIs (e.g., efavirenz) decrease serum CNI
concentrations by induction of the P450 cytochrome
whilst PIs (e.g., ritonavir and lopinavir) are inducers
[91]
resulting in increased CNI concentrations . We have
used tacrolimus doses as low as 1 mg per week in
certain individuals. Raltegravir, a novel HIV-1 integrase
inhibitor, is not metabolised via the P450 cytochrome
and has been used successfully post transplantation
in combination with nucleoside reverse-transcriptase
[92]
inhibitors and standard CNI doses . Meticulous
monitoring and surveillance is required to reduce the
possibility drug-drug interactions and toxicity.

HIV disease following liver transplantation

At present no standardised cART regimen is utilised,
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but instead is tailored to the individual patient reflecting
known resistance and mutations. The re-introduction
of cART post-LT also varies between individual centers,
with some continuing cART throughout the transplant
period whilst others re-introduce the medication
between 4-14 d. Our practice is to re-introduce cART
medication once liver graft function has normalised
thereby avoiding the possibility of confusion with the
other causes of graft dysfunction immediately post-LT.
In a recent study of HIV/HCV patients, bacterial
infections were identified as the principal aetiological
[93]
agents of post-liver transplantation infections . Risk
factors associated with severe infections included a
pre-liver transplantation MELD score > 15 (HR = 3.5,
95%CI: 1.7-7.1, P = 0.001), history of category C
AIDS-defining events (HR = 4.0, 1.9-8.6, P < 0.001)
and non-tacrolimus based immunosuppression (HR
= 2.5, 1.3-4.8, P = 0.006). The same study also
suggested that opportunistic infections namely CMV
disease, disseminated HSV, invasive fungal infections
and tuberculosis were increased in HIV positive patients,
affecting 11% of their cohort. These “opportunistic”
infections however can occur in HIV negative patients
post-liver transplantation. This study also did not
have a HIV negative comparative group therefore not
allowing the authors to demonstrate that these deemed
opportunistic infections were associated with HIV
infection only. Reassuringly reported data from other
studies have failed to demonstrate a higher incidence of
opportunistic infections in comparison to HIV negative
[94]
patients .

RE-TRANSPLANTATION
There is very little experience with re-transplantation
in HIV positive patients and this appears to be
[95]
limited to HIV/HCV co-infected patients . In one
study 14 HIV positive patients (13 with HIV/HCV coinfection) were compared to 157 HIV negative patients
undergoing re-liver transplantation. The authors
reported an inferior survival rate in the HIV positive
group (42% vs 64%) at 3 years although this did not
reach statistical significance (P = 0.2). HIV positive
patients with a detectable HCV viral load at the time of
re-transplantation do not appear to be appropriate retransplant candidates due to poor 3 year survival rates
[95]
(22% vs 65% in HIV negative patients, P = 0.008) .
A recent multinational study re-emphasised the poor
outcomes In HIV positive patients with active HCV
[96]
infection undergoing re-transplantation .

CONCLUSION
HIV infection is now regarded as a long-term illness
with improving survival rates in patients maintained on
cART. Subsequently, liver disease remains a common
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cause of morbidity and mortality in this cohort. HIVpositive patients with liver disease should be managed
in a multi-disciplinary environment. Current data would
suggest HIV-positive patients not co-infected with HCV
have excellent outcomes following liver transplantation,
similar to HIV negative patients. In stark contrast,
published data has demonstrated inferior graft and
patient survival rates in HIV/HCV co-infected patients
predominately due to HCV recurrence. Emerging data
with the use of DAAs in HIV/HCV co-infected patients
would suggest that treatment of HCV in the pre- and
post-transplant period will be more efficacious resulting
in improved outcomes in this patient cohort. HIV/HCV
co-infected patients would therefore be treated as HCV
mono-infected patients with better outcomes post liver
transplantation.
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Abstract
Liver cirrhosis is a paradigm of intestinal dysbiosis. The
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qualitative and quantitative derangement of intestinal
microbial community reported in cirrhotic patients
seems to be strictly related with the impairment of
liver function. A kind of gut microbial “fingerprint”,
characterized by the reduced ratio of “good” to
“potentially pathogenic” bacteria has recently been
outlined, and is associated with the increase in
Model for End-Stage Liver Disease and Child Pugh
scores. Moreover, in patients presenting with cirrhosis
complications such as spontaneous bacterial peritonitis
(SBP), hepatic encephalopathy (HE), and, portal
hypertension intestinal microbiota modifications or the
isolation of bacteria deriving from the gut are commonly
reported. Rifaximin is a non-absorbable antibiotic used
in the management of several gastrointestinal diseases.
Beyond bactericidal/bacteriostatic, immune-modulating
and anti-inflammatory activity, a little is known about
its interaction with gut microbial environment. Rifaximin
has been demonstrated to exert beneficial effects on
cognitive function in patients with HE, and also to
prevent the development of SBP, to reduce endotoxemia
and to improve hemodynamics in cirrhotics. These
results are linked to a shift in gut microbes functionality,
triggering the production of favorable metabolites. The
low incidence of drug-related adverse events due to
the small amount of circulating drug makes rifaximin
a relatively safe antibiotic for the modulation of gut
microbiota in advanced liver disease.

Core tip: Advanced liver disease is characterized by
intestinal dysbiosis, which has been involved in the
pathogenesis of complications. Rifaximin is able to
improve cognitive tests and practical abilities, to reduce
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the risk of hepatic encephalopathy (he) recurrence and
the number of he-related hospitalizations. Rifaximin
efficacy seems not associated with major changes
in gut bacteria composition but rather with a shift in
the microbiome functionality. Rifaximin is useful in
the prevention of spontaneous bacterial peritonitis in
patients with ascites. Rifaximin reduces endotoxemia
and has beneficial effects on cirrhotic patients hemo
dynamics, reducing the incidence of complications
related to portal hypertension.
Ponziani FR, Gerardi V, Pecere S, D’Aversa F, Lopetuso L,
Zocco MA, Pompili M, Gasbarrini A. Effect of rifaximin on
gut microbiota composition in advanced liver disease and its
complications. World J Gastroenterol 2015; 21(43): 12322-12333
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i43/12322.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i43.12322

INTRODUCTION
Rifaximin is a non-systemic antibiotic approved for
the treatment of traveler’s diarrhea, irritable bowel
syndrome (IBS) with diarrhea and overt hepatic
[1]
encephalopathy (HE) . It has in vitro bactericidal and
bacteriostatic activity against aerobic and anaerobic
Gram-positive and Gram-negative species, being also
able to reduce bacterial virulence and translocation,
[2-7]
and to inhibit bacterial adherence to gut mucosa .
Due to the low systemic absorption (only 0.4% of
the oral administered dose), rifaximin has an optimal
tolerability profile, and side effects as well as the
[1,8,9]
induction of bacterial resistance are nearly lacking
.
Beyond that, rifaximin has particular features which
are not typical of a common antibiotic molecule. In
vitro and in vivo models and preliminary experiences
[10-14]
in humans
have demonstrated that rifaximin
does not change the overall composition of the gut
microbiota while it is able to provide minimal changes,
such as promoting the growth of bacteria beneficial
to the gut. Nevertheless, rifaximin modulates the
[15,16]
release of inflammatory cytokines
and increases
NF-kB expression, exerting anti-inflammatory
effects that could counteract the pro-inflammatory
response observed in conditions of gut microbiota
[17]
derangement .
Based on these evidences, rifaximin use has
been extended to the management of pathologies
associated with gut microbiota deregulation such as
[11,18-21]
irritable bowel syndrome
, inflammatory bowel
[10,13,22-30]
[31-36]
diseases
, diverticular disease
and liver
cirrhosis and its complications.
Liver cirrhosis is a paradigm of intestinal dysbiosis.
Indeed, the physiological partitioning of the gastro
intestinal tract is deranged in cirrhotic patients, due to
the decreased secretion of gastric acid (often favored
[37]
by medications ), to the reduced gastrointestinal
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motility, to the impaired systemic and mucosal immune
response and to the low concentration of bile acids
[38]
in the colon . The epiphenomenon of this chronic
dysfunction is a profound alteration of the gut microbiota
composition, which is both quantitative (Small Intestinal
Bacterial Overgrowth, SIBO) and more pronounced
in the advanced stages of the disease and in case of
decompensation (Figure 1).
This is the rationale for gut microbiota modulation
in patients with liver cirrhosis, especially in those with
severe impairment of liver function presenting with
complications.

THE “FINGERPRINT” OF GUT
MICROBIOTA IN LIVER CIRRHOSIS
The introduction of metagenomic techniques such
as 16S rRNA-based pyrosequencing has recently
allowed to identify which modifications of the gut
microenvironment are the most frequently observed
[39]
in liver cirrhotic patients . The human gut hosts
a bacterial core community involved in maintaining
gastrointestinal health and mainly composed of the
phyla Bacteroidetes and Firmicutes, which include the
genera Bacteroides, Clostridium clusters XIVa and
IVa, Eubacterium, Faecalibacterium, Lactobacillus,
and Roseburia. In patients affected by liver cirrhosis,
at the phylum level, Bacteroidetes are decreased
in favor of Fusobacteria and Proteobacteria, such
[40-42]
as Enterobacteriaceae and Pasteurellaceae
.
Looking at family, genus and species division, the
increase in Enterobacteriaceae, Streptococcaceae
and Veillonellaceae abundance has been reported
in cirrhotic patients compared with healthy controls,
whereas Lachnospiraceae, Ruminococcaceae, Clos
tridium clusters XI and XIVab, lactic acid bacteria,
Bifidobacteria and Faecalibacterium prausnitzii seem
[40-46]
to be reduced
. Notably, Enterobacteriaceae family
includes Escherichia coli and Klebsiella spp., key
bacteria in the pathogenesis of spontaneous bacterial
peritonitis (SBP). In addition to the unbalance between
potentially pathogenic and beneficial bacteria, the
major part of the metagenomic species enriched
in cirrhotics’ fecal samples belong to Veillonella or
Streptococcus taxa, which usually derive from the
[47]
mouth or the small intestine . Although this may
apparently confirm the subversion of the gastro
intestinal physiology occurring during the course of
liver disease, when cirrhotics’ salivary microbiota is
specifically analyzed and compared with the fecal one,
[46]
they seem significantly different rather than similar .
More in detail, Streptococcaceae are prevalent in
the saliva, whereas stools are characterized by a
reduction in the autochthonous taxa Lachnospiraceae,
Ruminococcaceae, and Clostridiales XIV. However,
about half of samples analyzed in this study belonged
to patients who have had previous episodes of HE
and were on lactulose, with the addition of rifaximin in

12323

November 21, 2015|Volume 21|Issue 43|

Ponziani FR et al . Rifaximin, gut microbiota and liver cirrhosis

Gut microbiota

Dysbiosis
↑ Intestinal permeability
↑ Bacterial translocation
Endotoxemia
Inflammation

↓ Secretion of gastric acid
↓ Motility
Impaired immune response
↓ Bile acids in the colon

Liver cirrhosis
Rifaximin

HE

Portal
hypertension

HRS

SBP

Variceal bleeding
Thrombocytopenia

Figure 1 Effects of Rifaximin on gut-liver axis. Rifaximin decreases endotoxemia and inflammation both directly and indirectly, by reducing bacterial translocation,
counteracting bacterial overgrowth and modulating gut microbiota composition and function. Due to these peculiar effects, rifaximin is used for the treatment of
advanced liver disease complications. HE: Hepatic encephalopathy; SIBO: Small intestinal bacterial overgrowth; SBP: spontaneous bacterial peritonitis; HRS:
hepatorenal syndrome.

two cases. Further analyses to discriminate conditions
predisposing to the “mixing-up” of bacteria from
different sites of the gastrointestinal tract are needed
to quell this debate.
Interestingly, the alteration of gut microbiota
composition seems to have a prognostic significance,
or at least to follow the evolution of liver disease.
[47]
Generally speaking, Qin et al
demonstrated that
metagenomic species enriched in cirrhotic patients
correlate with the severity of the disease, in a
proportion dependent on bacterial load. In other
studies, the reduction in Clostridiaceae as well as in
Veillonellaceae and in Porphyromonadaceae has been
associated with inflammation and with the progression
of liver disease and Streptococcaceae have been
reported to correlate positively with Child Pugh score
in contrast to Lachnospiraceae which correlated
[41,43,48]
negatively
.
Taking together these findings, cirrhotic patients’
microbiota is characterized by a higher proportion
of potentially pathogenic bacteria, lacking of those
species recognized as beneficial to intestinal health
and homeostasis. Notwithstanding, the reduction
in the ratio between “good” (e.g., Lachnospiraceae,
Ruminococcaceae and Clostridia cluster XIV) and
potentially “bad” bacteria (e.g., Staphylococcaeae,
Enterobacteriaeceae and Enterococcaceae) - namely
“cirrhosis dysbiosis ratio” or CDR - is characteristic of
the individuals with a more severe disease, such as
[48]
cirrhotic outpatients and inpatients .
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Given the evidence that the progression of
liver disease is associated with a change in the gut
microenvironment, liver cirrhosis complications
consequently grow in the soil of intestinal dysbiosis.

RIFAXIMIN AND GUT MICROBIOTA
MODULATION IN ADVANCED LIVER
DISEASE AND ITS COMPLICATIONS
Rifaximin and gut microbiota modulation in HE

Several differences have been reported in the gut
microbiota of cirrhotic patients with or without HE. In
patients with minimal HE, Streptococcaceae represent
the prevalent bacterial family, and the abundance
of Streptococcus salivarius, which is involved the
[45]
production of ammonia, is increased . Alcaligeneceae,
Porphyromonadaceae and Enterobacteriaceae have
also been associated with HE in cirrhotics; in particular,
Alcaligeneceae and Porphyromonadaceae are sign
ificantly linked with poor cognitive performance, and
[49]
Enterobacteriaceae with a worse MELD score .
In addition, a decreased CDR has been reported in
[48]
cirrhotic patients with HE . Similar results have
been obtained by the analysis of mucosal microbiome
from sigmoid biopsies: Enterococcus, Veillonella,
Megasphaera, Bifidobacterium, and Burkholderia were
predominant in patients with HE, whereas cirrhotics
without HE presented an increased abundance of
the “good” genus Roseburia, and the healthy controls
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an increased abundance of Dorea, Subdoligranulum,
Incertae Sedis XIV, Blautia, Roseburia, Faecalibacterium
[50]
and a few pathogenic genera . Since the intestinal
microenvironment of cirrhotics without HE has been
[46]
demonstrated to be closer to healthy people's one ,
it is not surprising that, in patients with HE, the more
the mucosal microbiota resembled that of controls, the
better was the cognitive performance and the lower
[50]
were the serum markers of inflammation .
Studies focused on clinical outcomes reported a
high efficacy of rifaximin in cirrhotics with HE and a
mild/moderate stage of disease. A randomized, doubleblind, placebo-controlled trial including 299 patients
has proved that rifaximin with or without lactulose is
able to reduce the risk of HE recurrence and the rate
of HE-related hospitalization, especially in patients with
[51]
MELD score < 18 . Similar results were also obtained
in other studies including patients in different stages
of liver disease, receiving various treatment schedules
[52-58]
(Table 1)
.
In addition to the roughly evident benefits on
overt HE, rifaximin has also been reported to improve
operational abilities and input integration capacity in
patients with minimal HE, as demonstrated by the
[59]
amelioration of driving simulator performance .
This positive shift in cognitive tests and practical
abilities is undoubtedly accompanied by a significant
[60,61]
improvement in health-related quality of life
.
At the microscopic level, rifaximin does not seem to
change stool microbiota composition in patients with
minimal HE, and only a reduction in Veillonellaceae and
[62]
an increase in Eubacteraceae have been observed .
Reasonably, the improvement in cognitive function and
the reduced endotoxemia associated with rifaximin
treatment derive from a beneficial modulation of
gut microbiota metabolic profile rather than from
a major rearrangement of the intestinal microbial
community. Indeed, the Authors reported an increase
in saturated and unsaturated fatty acids and in serum
fructose, succinic acid and citramalic acid production
after rifaximin treatment, but the most relevant
finding was the modification of correlation networks
involving several bacteria (Enterobacteriaceae, Bacter
oidaceae, Veillonellaceae, Porphyromonadaceae and
Rikenellaceae), metabolites and clinical outcomes,
suggesting a functional change in the gut microbiome.
Although only patients with minimal HE have been
included and some selection biases could be iden
[62]
tified, the study by Bajaj et al
is to date the only
published experience reporting the metagenomic and
metabolomic changes produced by rifaximin treatment
in cirrhotics with minimal HE. Nevertheless, despite
the good results in terms of efficacy, rifaximin role in
the treatment of cirrhotics at high risk of developing
HE, such as patients with high MELD scores or with
transjugular intrahepatic portosystemic shunts or
surgical portosystemic shunts or those with a recent
episode of acute variceal bleeding, needs to be further
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[63-65]

investigated

.

Rifaximin and gut microbiota modulation in SBP

Ascites and SBP are typical manifestations of
decompensated liver disease. SIBO and bacterial
translocation are the mainstay of SBP. Indeed, SIBO
prevalence among cirrhotics is high, ranging between
[38]
30% and 70%
and it has been associated with
the development of SBP due to the translocation of
intestinal bacteria to the systemic circulation and
[66]
the ascitic fluid . Gram-negative bacteria such
as Escherichia coli and Klebsiella spp. as well as
Pneumococci, Streptococci and other Gram-positive
and Gram-negative bacteria have been identified
in 50% of cases by culture-based analysis of ascitic
[67]
fluid . However, bacterial DNA can be recognized
in the ascites of half of cirrhotics even in absence
[44]
of SBP and with negative cultures , and several
studies identified microbes usually present within
[41,43,68]
the gut
. Ascites microbial composition is linked
with the stage of liver disease; indeed, Child-Pugh
score is correlated with ascitic bacteria similarity and
ascitic neutrophil count, further strengthening the
connection between gut microbiota and liver cirrhosis
[68]
progression .
Therefore, it has been hypothesized that rifaximin,
being effective on SIBO, could be useful in preventing
[66]
SBP. In the retrospective study by Hanouneh et al
a 72% reduction in SBP occurrence and a transplant
free survival of 72% were observed in the 49 cirrhotic
patients with ascites who received rifaximin (Table 2).
Another prospective observational study reported
that different bacterial species could be identified in the
ascitic fluid of patients receiving rifaximin compared to
[69]
those who did not receive SBP prophylaxis . Indeed,
Enterococci and Escherichia coli were isolated from the
ascites of patients without prophylaxis and Klebsiella
spp. were isolated in those on rifaximin. However, this
finding had no predictive value, since the incidence of
SBP was similar between the two groups.

Rifaximin, gut microbiota modulation and liver
hemodynamics

Intestinal decontamination improves hemodynamics
in animal models of cirrhosis by reducing endotoxemia
[70]
related to bacterial translocation . Similar results
[71]
have also been obtained in humans , and have been
associated with a lower incidence of complications
(Table 3).
Twenty-three patients with decompensated alcoholic
cirrhosis who achieved a reduction of hepatic venous
pressure gradient (HVPG) after 28 d of rifaximin
[72]
treatment were then followed-up for 5 years .
Compared to matched controls, rifaximin group showed
a lower incidence of complications related to portal
hypertension, such as variceal bleeding, HE, SBP and
hepatorenal syndrome, and a better survival compared
to controls. Other studies confirmed a reduction in
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Bass et al[51] 2010

Prospective,
randomized,
double-blind,
placebocontrolled

Retrospective

Leevy et al[58] 2007

Prospective
randomized,
double-blind,
double-dummy,
controlled trial

Prospective
randomized

2003

Study design

Paik et al[57] 2005

Mas et al

Study

299

145

103

No. patients

12326
19-24: 8.6%
placebo:
≤ 10: 30.2%
11-18: 60.4%
19-24: 8.8%

≤ 10: 24.3%
11-18: 67.1%

rifaximin

MELD score (%):

rifaximin A: 0%, B: 50%, C:
50%
lactulose A: 0%, B: 64%, C:
36%
Not reported

CTP:

Not reported

Disease severity
50 pts rifaximin 1200 mg/d for
5-10 d
53 pts lactitol 60 g/d for 5-10 d

Treatment schedule

Results

Safety

Improved neuropsychiatric and psychometric
Abdominal pain: 4% rifaximin
parameters in both groups
Reduced blood ammonia levels in both groups
Mild diarrhea: 2% lactitol
No significant differences in efficacy
Vomiting: 2% lactitol
(resolution/improvement 81.6% rifaximin
vs 80.4% lactitol; unchanged/failure 18.4%
rifaximin vs 19.6% lactitol)
HE complete resolution: 53.1% rifaximin vs
37.2% lactitol
Overt HE 32 pts rifaximin 400 mg TID for 7 Reduction in blood ammonia levels similar in
Abdominal pain: 3% rifaximin
d
both groups
22 pts lactulose 90 mL/d for 7 d Improvement in HE grade and index similar in
Severe diarrhea: 4.5% lactulose
both groups
Improvement in HE grade similar in both
groups
Overt HE Lactulose 30 cc BID for ≥ 6 mo HE grade Ⅲ or Ⅳ: 6% after rifaximin 25% after Hospitalizations (mean number): 0.5 rifaximin
followed by rifaximin 400 mg
lactulose (P < 0.001)
period vs 1.6 lactulose period (P = 0.001)
Asterixis: 63% after rifaximin vs 93% after
Hospitalizations days (mean): 2.5 rifaximin
TID for ≥ 6 mo
lactulose (P < 0.001)
period vs 7.3 lactulose period (P = 0.001)
Diarrhea: 89% during lactulose, 99% during
rifaximin
Flatulence: 100% during lactulose, 100% during
rifaximin
Abdominal pain: 100% during lactulose, 100%
during rifaximin
Headache: 100% during lactulose, 99% during
rifaximin
However, severe adverse events were more
common in the lactulose period (P < 0.001)
Overt HE
140 pts 550 mg BID for 6 mo
Rifaximin is more effective than placebo in
Incidence of adverse events was similar in the
maintaining HE remission (P < 0.001)
two groups; most frequently reported: nausea
diarrhea, fatigue
159 pts placebo
Breakthrough episodes rate: 22.1% rifaximin vs
Bacterial peritonitis: 1.4% rifaximin vs 2.5%
45.9% placebo
placebo
90% of pts also received lactulose
Risk of HE-related hospitalization: 13.6%
Bacteremia: 0.7% rifaximin vs 1.3% placebo
C. difficile infection: 1.4% rifaximin vs 0%
rifaximin vs 22.6% placebo (P = 0.01)
placebo
Sepsis: 0% rifaximin vs 1.3% placebo

Overt HE

HE type

Table 1 Major studies describing the changes in gut microbiota composition and the effects of rifaximin treatment in patients with advanced liver disease and hepatic encephalopathy
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Prospective

Bajaj et al[62] 2013

Prospective,
randomized,
double-blind,
placebocontrolled

Retrospective

Neff et al[52] 2012

Sharma et al[53] 2013

Prospective,
randomized,
double-blind,
placebocontrolled

Bajaj et al[59] 2011

120

20

203

42
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group B 9.4 ± 2.5
MELD score (mean ± SD):
group A 24.9 ± 6.6
group B 23.8 ± 5.18

group A 9.9 ± 2.8

CTP score (mean ± SD):

rifaximin 12 (8-27)
rifaximin + lactulose 13
(11-26)
MELD score (mean ± SD):
9.8 ± 3.3

MELD score (mean, range):

MELD score (mean)
rifaximin: 9
placebo: 9

21 pts rifaximin 550 mg BID
21 pts placebo for 8-wk

Total driving errors improvement: 76%
Infections rate: 0%
Hospitalization rate: 0%
rifaximin vs 31% placebo (P = 0.013), with a
Nausea: 14% rifaximin vs 14% placebo
significant reduction of speeding tickets (P =
0.005) and illegal turns on navigation (P = 0.01)
Cognitive performance improvement: 91%
Self-limited vomiting: 5% rifaximin vs 5%
rifaximin vs 61% placebo (P = 0.01)
placebo
Improved psycho-social dimension (quality
Abdominal pain: 24% rifaximin vs 24% placebo
Flatulence: 19% rifaximin vs 43% placebo
of life assessment by Sickness Impact Profile
Headache: 19% rifaximin vs 33% placebo
questionnaire) in the rifaximin group compared
Flu-like symptoms: 5% rifaximin
with the placebo group (P = 0.04)
Constipation: 5% rifaximin
Self-limited diarrhea: 5% rifaximin vs 5%
placebo
Hitching: 5% placebo
Anorexia and dry mouth: 5% placebo
Overt HE 149 pts rifaximin monotherapy
1-yr HE remission rate: 81% rifaximin vs 67% Incidence of gastrointestinal bleeding, infection,
(400-1600 mg/d)
rifaximin + lactulose
hospitalization for dehydration/overt HE
54 pts rifaximin (600-1200 mg/d) Lower incidence of overt HE episodes in pts
similar in both groups
+ lactulose (90 mL/d) dual
with mean MELD score ≤ 20
therapy
Minimal
550 mg BID for 8 wk
Significant improvement in cognitive
Not reported
HE
performance on all tests apart from the block
design test
Significant improvement in serum bilirubin but
not the other MELD score components
No significant microbial change (modest
reduction in Veillonellaceae and increase in
Eubacteriaceae)
Significant increase in serum saturated
(myristic, caprylic, palmitic, palmitoleic, oleic
and eicosanoic) and unsaturated (linoleic,
linolenic, gamma-linolenic and arachnidonic)
fatty acids, serum fructose, succinic acid and
citramalic acid
Change in correlation networks involving
several bacteria (Enterobacteriaceae,
Bacteroidaceae, Veillonellaceae,
Porphyromonadaceae and Rikenellaceae)
reflecting a functional shift in the gut
microbiome
Overt HE
group A (63 pts): lactulose + HE remission rate: 76% group A vs 50.8% group Diarrhea: 13% group A vs 10% group B (P > 0.05)
rifaximin 1200 mg/d
B (P < 0.004)
group B (57 pts): lactulose +
Mortality: 23.8% group A vs 49.1% group B (P < Abdominal pain: 6% group A vs 7% group B (P
placebo
0.05). Death was mainly due to sepsis
> 0.05)
Hospital stay (mean ± SD): 5.8 ± 3.4 in group A
vs 8.2 ± 4.6 group B (P = 0.001)

Minimal
HE
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Prospective,
randomized,
controlled

Prospective,
randomized,
controlled

124

A: 22.5%, B: 42%, C: 35.5%
rifaximn
A: 39%, B: 32%, C: 29%
probiotics
A: 19%, B: 66%, C: 16%
placebo
A: 33%, B: 27%, C: 40%

LOLA

CTP

Minimal
HE

120 pts
CTP and MELD scores
Overt HE
with acute comparable between groups
variceal
but not reported
bleeding and
no HE

12328

Study design

Prospective,
observational

152

404

No. patients

CTP score:
no prophylaxis:
A: 1%, B: 57%, C: 43%
rifaximin:
A: 0%, B: 33%, C: 67%
systemically absorbed
antibiotics:
A:12%, B: 47%, C: 41%

MELD score (mean ± SD):
rifaximin: 17.6 ± 7.7
no rifaximin 17.7 ± 7.5
CTP score
rifaximin B: 6.1%, C: 93.9%
no rifaximin B: 33%, C: 67%

Disease severity

SBP: Spontaneous bacterial peritonitis; CTP: Child turcotte pugh.

Lutz et al[69] 2014

Hanouneh et al[66] 2012 Retrospective

Study

SBP

SBP

Disease
complication

Group 1 (108 pts):
no prophylaxis
Group 2 (27 pts):
rifaximin 400 mg TID
Group 3 (17 pts):
systemically absorbed
antibiotic prophylaxis

49 pts received rifaximin
400 mg TID mainly for HE
(recurrent HE or intolerance
to lactulose)

Treatment schedule

Not reported

Isolation of multidrug resistant bacteria:
25% rifaximin vs 9% no rifaximin

72% transplant-free survival for pts on rifaximin vs
57% for controls (P = 0.045)
SBP occurrence rate: 32/152 (21%) overall, 22.2%
Data available for SBP pts only
group 1, 29.6% group 2 and 0% group 3 (P = 0.02 Nosocomial infections: 38% rifaximin vs
54% no rifaximin (P = 0.690)
group 2 vs group 3 and P = 0.04 group 1 vs group 3)
Isolation of bacteria resistant to Ⅲ
generation cephalosporin: 25% rifaximin
vs 46% no rifaximin

SBP incidence: 11% in pts on rifaximin vs 32% in
controls (P = 0.002)
72% SBP reduction rate in rifaximin group after
adjusting for MELD score, CTP score, serum
sodium, and ascitic fluid total proteins (P = 0.007)

Results

Table 2 Major studies describing the efficacy of rifaximin in preventing episodes of spontaneous bacterial peritonitis in patients with advanced liver disease
Safety

Incidence of HE: 15% rifaximin vs 17% lactulose Rifaximn group: 5% abdominal pain and nausea
(P = 1)
60 pts rifaximin 400 mg TID
Mortality: 17% rifaximin vs 13% lactulose (P = 1)
Lactulose group: 26.6% diarrhea, 15%
abdominal bloating
for 5 d
Hospital stay (mean ± SD): 10.6 ± 3.1 d rifaximin
vs 12.4 ± 3.5 lactulose (pts with HE, P = 0.35); 6.3
± 1.6 rifaximin vs 6.9 ± 1.9 lactulose (pts without
HE, P = 0.18)
31 pts LOLA 3 g TID for 2 mo LOLA, rifaximin, and probiotics are superior to
Not reported
placebo in improving critical flicker frequency
score
31 pts rifaximin 400 mg TID for 2 LOLA, rifaximin, and probiotics are superior to
mo
placebo in improving neuropsychometric tests
32 pts probiotics BID for 2 mo
30 pts placebo
60 pts lactulose 30 mL QID

MELD: Model for end stage liver disease; HE: Hepatic encephalopathy; CTP: Child turcotte pugh; LOLA: L-ornithine L-aspartate.

Sharma et al[55] 2014

Maharshi et al[54] 2014
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20

23

69

9

30

No. patients

Disease severity

Treatment schedule

Results

Safety

endotoxemia, serum bilirubin, Child-Pugh and MELD scores, together with an increase in serum albumin levels after rifaximin treatment
.
Rifaximin has also been demonstrated to have beneficial effects in the treatment of thrombocytopenia, the pathogenesis of which has not been completely clarified
[74]
yet in cirrhotics. Endotoxemia has been advocated to contribute, together with portal hypertension, in the development of thrombocytopenia in these patients ; indeed,
a small prelimiary study demonstrated an increase in platelets count and a decrease in endotoxin levels in 13 patients with alcoholic cirrhosis receiving rifaximin for a 4-wk
[75]
course, compared to 10 controls . Even if these results may encourage the use of rifaximin to minimize the complications of endotoxemia due to portal hypertension,
larger, randomized, controlled studies extended also to non alcoholic liver disease are required to confirm any clinical efficacy.

[62,73]

welve patients (40%) were Rifaximin 1200 mg/d for 28 Median (range) plasma endotoxin levels decreased significantly after rifaximin
Abdominal pain: 3%
Child-Pugh B and 18 (60%)
d
administration both in systemic [1.45 (0-3.1) vs 0.7 (0-2.7), P < 0.0001] and
Child-Pugh C
splanchnic circulation [1.8 (0-3.4) vs 0.8 (0-2.1), P < 0.0001]. Meanwhile, the
CTP score: A: 0%, B: 40%, C:
Self-limited diarrhea: 3%
difference seen in endotoxin levels between the splanchnic and systemic
60%
circulation at day 0 (P = 0.001) was not noted at day 29 (P = 0.137)
MELD score (mean, range):
Reduction in endotoxin levels in both systemic and splanchnic circulation
17 (11-27)
compared to baseline (P < 0.0001)
B: 40%, C: 60%
Reduction in HVPG compared to baseline (P < 0.0001)
Reduction in HVPG correlated with hepatic vein endotoxin values (P = 0.023)
Rifaximin signiﬁcantly reduced plasma endotoxin levels
CTP score:
8-wk course of rifaximin
Not reported
B: 56%, C: 44%
(1200 mg/d)
Rifaximin 1200 mg/d for 8
Reduction in plasma endotoxin levels compared to baseline (P < 0.01)
wk
welve patients (40%) were
23 pts who achieved a
Median (range) plasma endotoxin levels decreased significantly after rifaximin
Nausea: 9%
Self-limited rash in the
Child-Pugh B and 18 (60%)
decrease in HVPG after
administration both in systemic [1.45 (0-3.1) vs 0.7 (0-2.7), P < 0.0001] and
extremities: 4%
Child-Pugh C
28-d rifaximin treatment[71]
splanchnic circulation [1.8 (0-3.4) vs 0.8 (0-2.1), P < 0.0001]. Meanwhile, the
Persistent diarrhea: 4%
difference seen in endotoxin levels between the splanchnic and systemic
CTP score
46 cirrhotic controls
circulation at day 0 (P = 0.001) was not noted at day 29 (P = 0.137)
rifaximin
Reduction in plasma endotoxin levels in both systemic and splanchnic
A: 0%, B: 48%, C: 52%
circulation compared to baseline (P < 0.0001)
controls:
Risk of developing variceal bleeding: 35% rifaximin vs 59.5% controls (P = 0.011)
A: 0%, B: 48%, C: 52%
Incidence of HE: 31.5% rifaximin vs 47% controls (P = 0.034)
MELD score (mean ± SD)
Incidence of SBP: 4.5% rifaximin vs 46% controls (P = 0.027)
rifaximin: 17.2 ± 3.6
Incidence of HRS: 4.5% rifaximin vs 51% controls (P = 0.037)
controls: 16.6 ± 3.5
CTP score
13 pts:
Reduction in endotoxin levels compared to control group (P = 0.005)
Not reported
rifaximin:
Increase in mean platelets count in rifaximin group compared to controls
rifaximin 1200 mg/d for 4
A: 0%, B: 46%, C: 54%
(P = 0.006)
wk
placebo:
10 cirrhotic pts: placebo
A: 0%, B: 40%, C: 60%
MELD score (mean ± SD): Rifaximin 550 mg BID for 8
Reduction in plasma endotoxin levels compared to baseline (P = 0.02)
Not reported
9.8 ± 3.3
wk

MELD: Model for end stage liver disease; CTP: Child turcotte pugh; HVPG: Hepatic venous pressure gradient.

Prospective

Prospective

Vlachogiannakos et al[72] 2012

Bajaj et al[62] 2013

Prospective

Kalambokis et al[73] 2012

Prospective,
randomized,
placebocontrolled

Prospective

Vlachogiannakos et al[71] 2009

Kalambokis et al[75] 2012

Study design

Study

Table 3 Available studies describing the effects of rifaximin on endotoxemia in patients with advanced liver disease
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RIFAXIMIN SAFETY IN ADVANCED LIVER
DISEASE
Rifaximin benefits are generally paralleled by a good
safety profile, since the reported rate of adverse
events between treated cirrhotics and those who did
not receive the drug is similar, and toxicity mainly
involves the gastrointestinal tract (e.g., abdominal pain
or diarrhea) (Tables 1-3). In particular, nor increase in
the rate of infections neither development of antibiotic
resistance are common in cirrhotics treated with
[76,77]
rifaximin
. Although some cases of Clostridium
[51,78]
difficile infection have been reported
, the incidence
is comparable to that observed in patients with
advanced liver disease and is affected by confounding
factors, such as age, repeated hospitalizations,
ongoing therapy with proton pump inhibitors and
[78]
previous courses of antibiotics . Candida albicans
has also been isolated in fecal samples of about 20%
[65]
of cirrhotics during rifaximin treatment . Probably,
this finding should not be considered unequivocally
harmful, since Candida organisms commonly colonize
the human gastrointestinal tract as a component of
[79]
the resident mycobiota .
Even if the limited incidence of adverse events
has to be attributed to the small amount of rifa
ximin reaching the systemic circulation, a special
consideration regarding its absorption in patients
with advanced liver disease is mandatory. Indeed,
due to the increased intestinal permeability, higher
systemic rifaximin concentrations have been observed
[80]
in cirrhotics compared to healthy subjects . For this
reason, although it may not represent a major problem
in the short-term drug administration, the effects of
a possible increase in systemic absorption should be
cautiously taken into account in cases of prolonged
rifaximin administration.
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Abstract
The existing mismatch between the great demand for
liver transplants and the number of available donor
organs highlights the urgent need for alternative
therapeutic strategies in patients with acute or chronic
liver failure. The rapidly growing knowledge on stem
cell biology and the intrinsic repair processes of the
liver has opened new avenues for using stem cells
as a cell therapy platform in regenerative medicine
for hepatic diseases. An impressive number of cell
types have been investigated as sources of liver
regeneration: adult and fetal liver hepatocytes, intra
hepatic stem cell populations, annex stem cells,
adult bone marrow-derived hematopoietic stem cells,
endothelial progenitor cells, mesenchymal stromal
cells, embryonic stem cells, and induced pluripotent
stem cells. All these highly different cell types, used
either as cell suspensions or, in combination with
biomaterials as implantable liver tissue constructs,
have generated great promise for liver regeneration.
However, fundamental questions still need to be
addressed and critical hurdles to be overcome
before liver cell therapy emerges. In this review,
we summarize the state-of-the-art in the field of
stem cell-based therapies for the liver along with
existing challenges and future perspectives towards a
successful liver cell therapy that will ultimately deliver
its demanding goals.
Key words: Stem cells; Liver regeneration; Liver
cirrhosis; Acute liver injury; Stem cell based therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver transplantation is the only effective
treatment for end-stage liver diseases, but its appli
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cation is limited mainly due to donor shortage. In
order to fulfil the unmet medical needs in the field,
alternative, cell-based therapies for the treatment of
end-stage hepatic diseases are under investigation.
This review aims to summarize the state of the art on
stem cell-based approaches towards liver regeneration
as well as to critically discuss and highlight new
perspectives and challenges.
Tsolaki E, Yannaki E. Stem cell-based regenerative opportunities
for the liver: State of the art and beyond. World J Gastroenterol
2015; 21(43): 12334-12350 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i43/12334.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i43.12334

INTRODUCTION
The liver possesses a remarkable capacity to rege
nerate in response to injury; however, in severe
cases its regenerative capacity prove insufficient and
hepatic injury may progress to end-stage disease
and subsequent liver failure. Orthotopic liver trans
plantation is currently the only effective treatment for
patients with end-stage liver diseases, including acute
liver failure and hepatic cirrhosis. Nevertheless, donor
shortage and waiting list mortality, postoperative
morbidity and mortality, high costs and long-term side
[1,2]
effects severely limit its application . Hepatocyte
transplantation has been suggested as an alternative
approach to liver transplantation because mature
hepatocytes have been traditionally recognized as the
major contributors to liver repair and are functionally
[3,4]
the most robust cell type for liver cell therapy .
Indeed, many preclinical and clinical studies have been
conducted using this approach to cure metabolic and
[5]
end-stage liver diseases . However, the widespread
application of hepatocyte transplantation is limited by
organ unavailability, the negative impact of cell culture
[5,6]
on hepatocyte viability, function and engraftment ,
as well as hepatocyte susceptibility to cryopreservation
damage inducing cell rupture, necrosis, and apoptosis
[7,8]
after thawing
. Therefore, alternative therapies
are needed to supplement organ transplantation
and bridge the gap between the need for liver trans
plantation and the lack of a timely available cadaveric
graft.

Adult Liver Stem/Progenitor Cells
When hepatocyte proliferation is impaired, deficient,
or overwhelmed by severe liver injury, bipotent
intrahepatic stem cell (SC) populations, known as
resident liver progenitor cells (LPC) in humans or oval
cells (OCs) in rodents, emerge and become activated,
expand, and actively contribute to the regenerative
process by giving rise to hepatocytes and biliary
[9-12]
epithelial cells
.
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The term “oval” cell is used to describe small,
rounded proliferating cells with a large nuclear to
cytoplasmic ratio which reside in the terminal branches
of the intrahepatic biliary tree, the Canals of Hering,
considered along with the space of Disse as the
putative hepatic SC niches. OC/LPC coexpress biliary
and hepatocytic markers and also hematopoietic
[13,14]
progenitor cell antigens
.
Regarding the mechanism controlling OC fate
in response to liver injury both in humans and in
murine models, it has been proposed that during
LPC/OC-mediated liver regeneration, an “inductive”
niche is formed around OCs, constituting the ductular
inflammatory reaction. This niche is populated by
recruited macrophages and myofibroblasts and requires
new synthesis or remodeling of extracellular matrix to
facilitate appropriate OC/LPC expansion and ultimately
[15]
biliary and hepatocyte regeneration . The role of
Wnt and Notch signaling in hepatic cell fate has been
recently recognized through the proliferation and
differentiation of human LPCs into hepatocytes or
cholangiocytes respectively, providing potential targets
[15,16]
for future targeted-therapies
for the liver.
The precise identification of endogenous liver SCs
and of the mechanisms that govern their proliferation
and differentiation into mature hepatocytes in the
case of severe parenchymal extinction could facilitate
their in vitro and in vivo maturation to hepatocytes
and their application in clinical practice. This process
was histologically identified by the description of
regenerative nodules, the so called “buds” composed of
[17]
small clusters of hepatocytes admixed with ductules .
These “buds” were suggested to be composed of new
hepatocytes derived from SCs located in the small bile
ducts and the canals of Hering, thus appearing to be
[18]
the structures that contain SC-derived hepatocytes .
The progressive evolution of buds from stem/pro
genitor cells to integrated mature liver parenchyma
was described in a recent study using various ana
tomic and immunohistochemical markers including
epithelial cell adhesion molecule (EpCAM), K19, CD34,
[19]
glutamine synthetase, and Ki-67 .
Interestingly, hepatic stellate cells (HSTCs),
[20]
considered as liver-resident mesenchymal cells ,
have recently been shown to represent a source of
liver progenitor cells. Indeed, an isolated population
of retinoid-storing hepatic stellate cells were able to
contribute to liver regeneration through differentiation.
HSTCs gave rise to parenchymal and bile duct cells
and ameliorated the glucuronidation defect in GUNN
[21]
rats, thus providing functional hepatocytes .

FETAL LIVER STEM CELLS
Fetal liver SCs appear during embryogenesis, after
the establishment of the hepatic endoderm and when
the liver bud is growing. Hepatoblasts, resident cells
in the developing liver bud, express the signature
marker α-fetoprotein and are considered bipotential,
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being able to give rise to both mature hepatocytes
[22]
and bile duct epithelial cells (cholangiocytes) .
Many experimental studies have focused on the
regenerative capacity of fetal hepatic progenitor cells
(HPCs) as, in contrast to adult hepatocytes, fetal
liver SCs can be readily isolated while they are highly
proliferative, less immunogenic, and more resistant to
[22-25]
cryopreservation
, and as such, could be of clinical
benefit in the treatment of liver diseases.
Indeed, their capacity to repopulate the liver upon
transplantation has been demonstrated in animal
[26-28]
[29,30]
models
and clinical trials (Table 1)
. In a
clinical study, 25 patients with liver cirrhosis of different
etiologies, were infused with human fetal liverderived SCs. The procedure proved safe and efficient,
offering a potentially supportive modality to organ
[29]
transplantation in the management of liver diseases .
In another study, immune-sorted, human fetal biliary
tree cells were safely administered to two patients with
advanced liver cirrhosis who were monitored through
a 12-mo follow-up period. Immunosuppressants were
not required, and the patients did not experience any
adverse event or immunological complications. Both
patients showed biochemical and clinical improvement
within the first 6 mo and one maintained the benefits
[30]
for 12 mo .
The ability of fetal liver SCs to expand clono
genically in vitro, their pluripotency, and the evidence
that they yield mature liver cells, encourage their
clinical utility for transplantation and generation of
bioartificial livers. However, ethical issues and the
possibility of teratoma/teratocarcinoma formation
in the recipients, justify their reserved use mainly in
preclinical or pilot studies.

Extrahepatic stem/progenitor
cells
Apart from endogenous liver SCs, several populations
of exogenous stem/progenitor cells have shown
potential to contribute to the liver healing process and
are discussed below.

Embryonic stem cells

Human embryonic SCs (ESCs) are pluripotent cells,
derived from the inner cell mass of blastocyst stage
embryos, having the ability to self-renew indefinitely
while maintaining the potential to give rise to all cell
types in the human body when provided with the
[31]
appropriate differentiation signals . Because of this
plasticity and the unlimited capacity for self-renewal,
ESC regenerative therapies have been proposed for
tissue replacement after injury or disease.
ESCs are able to differentiate efficiently into
hepatocyte-like cells in vitro, producing cells which
possess some of the properties of mature hepa
[32-34]
tocytes
. ESC-derived hepatocyte-like cells
contribute to the recovery of injured liver tissue in
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mice, not only by cell replacement but also by delive
ring trophic factors that support endogenous liver
[32,35]
regeneration
. In vitro ESC-derived hepatocytes,
bearing the typical mature hepatocyte morphology and
expressing hepatocyte-specific genes, colonized liver
tissue upon transplantation and rescued liver-injured
[36]
mice from death .
ESCs provide a valuable tool for studying the
molecular basis of hepatocyte differentiation and
form the basis for cell therapies. However, despite
remarkable progress and the development of sophi
sticated differentiation protocols mimicking the normal
embryonic development, ESC-derived “hepatocyte-like”
cells usually fail to fully function as “true” hepatocytes.
In addition, the risk for immunological rejection of the
transplanted cells as well as ethical and legal concerns,
[37,38]
hamper their use as cell replacement therapy
.

Induced pluripotent stem cells

Induced pluripotent SCs (iPSCs) are embryonic-like
SCs produced in vitro via reprogramming of somatic
cells through the transient, forced expression, of key
transcription factors such as OCT4 (O), SOX2 (S),
KLF4 (K), and c-MYC (M) (so called OSKM cocktail)
or O, S, NANOG (N) and LIN28 (L) (so called OSNL),
traditionally by using, permanently integrated,
[39,40]
retroviral vectors
.
As factor expression is not required beyond the
end of the reprogramming process and the semirandom integration of retroviral vectors has been
[41]
associated with insertional mutagenesis , several
investigators have explored techniques for iPSC
generation using more clinically relevant methodologies
[42]
of reprogramming, such as excisable vector systems ,
[43]
[44,45]
non-integrating DNA vectors , DNA-free methods
,
[46]
and small molecules .
iPSCs possess unique characteristics of pluripotency
that render them extraordinary tools for cell and
gene therapies, such as (1) unlimited self-renewal
capacity in vitro, a feature that allows their indefinite
maintenance in culture as cell lines; and (2) potential
for directed differentiation to any cell type. In addition
to their potential for regeneration, iPSCs provide a
[47]
novel platform for in vitro disease-modeling
and
[48]
drug-screening .
It has been shown that iPSCs can be efficiently
induced to differentiate into hepatocyte-like cells
[49-52]
(HLCs)
, whereas transplantation of iPSC-derived
HLCs reversed lethal fulminant hepatic failure, enhanced
liver regeneration, and improved the performance
[52]
status of NOD-SCID , fumarylacetoacetate hydrolase[53]
[54]
deficient , or CCl4-injured
mice. In an acute
hepatic failure model, iPSCs were reprogrammed
from human dental pulp-derived fibroblasts into iPSCs
(DP-iPSCs) capable of differentiating into HLCs (iPSCHLCs). An injectable carboxymethyl-hexanoyl chitosan
hydrogel (CHC) with sustained hepatocyte growth
factor (HGF) release (HGF-CHC) was developed to
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Table 1 Clinical trials using stem cells for the treatment of liver diseases
Ref.

Cell Source

No. of patients/
administration route
25: hepatic artery

133

Fetal liver-SCs
(EpCAM+)
Fetal liver-SCs
(EpCAM+)
BM-MSCs

134

MSCs from iliac crest

29
30

135

136

137
138

2: hepatic artery
4: peripheral vein

8: peripheral or portal
vein
BM-MSCs stimulated to
20: control
hepatic lineage
10: intrasplenic
10: intrahepatic
BM-MSCs
105: control
53: treated/hepatic
artery
Differentiated BM-MSCs
10: control
vs undifferentiated
15: treated/intravenous
BM-MSCs
20: intrasplenic

Disease cause

No. of cells infused

End-stage liver
80 × 106
cirrhosis
Advanced
42 × 106 and 60 × 106
cirrhosis
Decompensated
31.73 × 106
liver cirrhosis
End-stage liver
30 × 106-50 × 106
disease
post-HCV end2 × 107 in a total of 2 ×
stage liver disease
108 MNCs
post-HBV liver
failure

BM-MSCs

11: hepatic artery

140

UC-MSC

15: control
30: treated/intravenous

141

UC-MSC

19: control
24: treated/intravenous

142

UC-MSC

7: peripheral vein

143

Autologous MSCs

166

BM-MNCs

12: control
15: treated/peripheral
vein
9: peripheral vein

175

G-CSF mobilization

176

Autologous
G-CSF mobilized CD34+
cells

177

178

Autologous
G-CSF-mobilized CD34+
cells
G-CSF mobilization

179

G-CSF mobilization

180

G-CSF mobilization

181

Experimental PA-PE,
combined with G-CSF

182

G-CSF mobilization

24: subcutaneous

183

G-CSF mobilization

18: subcutaneous

Liver cirrhosis

184

Autologous G-CSF
mobilized CD34+ cells

1: portal vein

Drug-induced
hepatitis

post-HBV
decompensated
liver cirrhosis
post-HBV acuteon-chronic liver
failure
Primary biliary
cirrhosis
Decompensated
cirrhosis
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Improved liver function and MELD
score
Biochemical and clinical
improvement
Well tolerated and safe procedure;
improved liver function
No adverse effects; improved MELD
and liver function
Improved ascites, MELD and
CP score; no difference between
intrahepatic and intrasplenic groups
No serious side effects or
complications; improved ALB, TBIL,
PT and MELD score
Improved MELD score, BIL, ALB and
PC
Decreased TBIL, AST, ALT, PT;
improved ALB, PC, PT, INR
No significant side effects;
histological improvement; improved
CP score
No significant side effects; improved
liver function and MELD score;
reduced ascites
No significant side effects; improved
liver function and MELD score;
increased survival
No obvious side-effects; decreased
serum ALP and GGT
No beneficial effect

24 wk
6 mo

3.4 × 108-3.8 × 108

192 wk

6 mo
6 mo
12 mo

0.5 × 106/kg body
weight

1 yr

0.5 × 106/kg body
weight

72 wk

0.5 × 106/kg

48 wk

195 × 103

12 mo

Liver cirrhosis

Alcoholic cirrhosis

G-CSF: 10 μg/kg per
day 2 times daily for 5
d
Acute-on-chronic G-CSF: 5 μg/kg for 12
liver failure
doses
Severe alcoholic
hepatitis

6 mo

12 mo

5.20 +/- 0.63 × 109
MNCs
40: controls
Severe liver
G-CSF: 5 μg/kg every
8: treated/subcutaneous
cirrhosis
12 h for 3 d
2: peripheral vein
End-stage liver
G-CSF :10 μg/kg per
disease
day: 4-5 d/CD34+ cells:
2.31 × 106/kg and 4 ×
106/kg
+
3: portal vein
Liver insufficiency CD34 cells: 1 × 106 to 2
2: hepatic artery
× 108
11: control
13: treated/
subcutaneous
24: control
23: treated/
subcutaneous
23: control
23: treated/
subcutaneous
1: subcutaneous

Outcomes

12 mo

post-HCV liver 1 × 106/kg body weight
cirrhosis
post-HCV liver
10 × 106
cirrhosis
Alcoholic cirrhosis 5 × 107 injected twice

139

Follow-up
period

24 wk
8 mo
30 to 34
mo

No major adverse effects; improved
ALB, CP scores
No adverse events; improved MELD
score
Safe and well tolerated procedure;
improved CP and MELD scores

60 d

No complications or specific side
effects; improved ALB

12 wk

Effective CD34+ cells mobilization;
increased HGF; induced HPC
proliferation
Increased survival; reduced CTP,
MELD and SOFA scores

60 d

G-CSF: 5 μg/kg every
12 h for 5 d

3 mo

Safe and effective HSCs mobilization;
improved liver function and survival

Acute-on-chronic 10 μg/kg per day for 5
liver failure
d

2 mo

Rapid and long lasting clinical
improvement; HSCs mobilization
and a ductular reaction
Safety and feasibility of G-CSF
mobilization; no clinical/biochemical
improvement
No severe adverse events; no liver
function significant modification
Improved liver function; wide areas
of regeneration in liver biopsy

Acute on chronic G-CSF: 5 and 15 μg/kg
liver failure
per day for 6 d
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Autologous G-CSFmobilized CD34+ SCs

2: hepatic artery
3: portal vein

Chronic liver
disease

186

Autologous G-CSFmobilized cultured
CD34+ SCs
PBMCs from G-CSF
mobilized PB

9: hepatic artery

20: control 20: treated

187

6-18 mo

No side effects; improved BIL and
ALB

Alcoholic liver
cirrhosis

G-CSF: 526
+
μg/d: 5 d, CD34 cells:
1 × 106-2 × 108
520 μg/d: 5 d/mean
TNCC:229.7 × 106

12 wk

No side effects; improved BIL, ALT,
AST, CP score and ascites

Decompensated
liver cirrhosis

5-10 μg/kg per day for
4 d. PBMC: 107-108/kg

6 mo

No major adverse effects; improved
liver function

G-CSF: Granulocyte-colony-stimulating factor; TBIL: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CP: Child-Pugh;
BM: Bone marrow; UC: Umbilical cord; HSC: Hematopoietic stem cell; HGF: Hepatocyte growth factor; EpCAM: epithelial cell adhesion molecule; MSCs:
mesenchymal stromal cells; HCV: hepatitis C virus; PT: Prothrombin time; ALB; Albumin; PC: Platelet count; INR: International normalized ratio; PA-PE:
Experimental plasmapheresis with plasma-exchange; MELD: Model for End-stage Liver Diseases; ALP: Alkaline phosphatase; GGT: g-glutamyl transferase;
UC-MSC: Umbilical cord blood-mesenchymal stromal cells; BM-MSCs: Bone marrow-mesenchymal stromal cells.

improve iPSC-HLC engraftment. Intrahepatic delivery
of HGF-CHC-iPSC-HLCs rescued liver function and the
recipients through high anti-oxidant and anti-apoptotic
[55]
activity that shrinked hepatic necrotic areas .
Engineered donor grafts derived from iPSCs, including
[56]
re-cellularized biomatrix , and liver buds produced
[57]
from iPSCs
may someday provide “autologous”
organs for liver transplantation, thus highlighting their
enormous potential for treating liver failure.
In addition to acquired liver diseases, HLC differ
entiation from iPSCs isolated from patient somatic
tissues could provide patient-specific hepatocyte
sources for treatment of inherited liver diseases,
combining ex vivo gene correction and cell transplan
[58]
tation .
iPSCs have renewed hopes for regenerative
medicine because they could deliver personalized
therapies, and their production from somatic, patientspecific cells, without the use of embryonic tissues
or oocytes, may overcome ethical concerns and the
risk of rejection. Despite these hopes for iPSCs, the
issues that still need to be addressed before moving
this exciting new technology from proof of concept to
the clinic are: (1) the optimal reprograming method,
using clinically relevant methodologies; (2) the avoi
dance of teratoma formation and tumorigenicity; (3)
the development of novel and rapid differentiation
protocols for the generation of mature cell types from
iPSCs by cost-efficient manufacturing procedures; and
(4) the long-term safety, tolerability, and efficacy of
the iPSC-based treatments.

Annex stem cells

Annex SCs derived from umbilical cord, umbilical
cord blood, placenta, and amniotic fluid (AF) are an
easily accessible source of pluripotent SCs capable of
giving rise to hematopoietic, epithelial, endothelial,
[59]
and neural cells both in vitro and in vivo , thus
constituting an attractive target for cell-based therapy.
Human umbilical cord blood SCs, when infused
into NOD-SCID mice with induced liver damage,
can differentiate into HLCs in the absence of fusion
[60]
[61]
events , boost regeneration and reduce mortality .
In vitro expanded and differentiated umbilical cord
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SCs exhibited hepatocyte-like morphology, expressed
upregulated levels of markers of hepatic lineage,
and were capable of in vivo liver repopulation and
expression of hepatic markers upon transplantation
[62,63]
into mice
.
Placenta-derived multipotent cells have also been
shown to differentiate into multilineage cells including
HLCs. These cells not only expressed characteristics
of human liver cells, but also demonstrated several
[64,65]
functions of typical hepatocytes
.

Extrahepatic Adult Bone Marrow
Stem Cells
As already mentioned, liver regeneration is mainly an
[3,4]
endogenous process, driven by mature hepatocytes
[9,10]
and resident intrahepatic SC populations
. Bone
marrow (BM) is the largest reservoir of pluripotent SCs
in adults and traditionally considered as giving rise
to only hematopoietic cell lineages. This concept was
challenged by reports demonstrating that BM-derived
SCs (hematopoietic, mesenchymal and endothelial
cells) can generate a variety of adult cell types that
express non-hematopoietic cell markers and contribute
[66-72]
to the liver healing process after tissue injury
.

endothelial progenitor cells

endothelial progenitor cells (EPCs) may contribute
to the repair and regeneration of the damaged
liver mainly by promoting the secretion of factors
supportive of the host’s endogenous repair mecha
nisms. EPC transplantation halted established liver
fibrosis in rats by suppressing activated hepatic stellate
cells, increasing matrix metalloproteinase activity,
[73]
and regulating hepatocyte proliferation . BM-derived
liver sinusoidal EPCs recruited to the injured rat liver,
promoted hepatocyte proliferation and contributed
[74]
to organ recovery . Antifibrogenic and regenerative
effects of engrafted EPCs, in transplanted rats, were
mediated by increased expression of endogenous and
exogenous growth factors, such as HGF, transforming
growth factor (TGF)-α, epidermal growth factor, and
vascular endothelial growth factor which triggered the
generation of a new vascular network and promoted
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hepatocyte proliferation, ultimately resulting in liver
[75-77]
regeneration
.

Mesenchymal stromal cells

Bone marrow stroma contains a subset of mesodermal
progenitor cells, named mesenchymal stromal cells
(MSCs) which are fibroblast-like, plastic-adherent,
multipotent cells rapidly expanding in vitro under
standard culture conditions. MSCs are most frequently
[78]
isolated from bone marrow (BM-MSCs) , but can also
be obtained from a variety of tissues including umbilical
[79]
[80]
cord blood (UC-MSCs) , trabecular bone , synovial
[81]
[82]
[83]
membrane , adipose tissue (AT-MSCs) , placenta ,
[84]
[85]
AF-MSCs , fetal lung (FL-MSCs), and blood .
MSCs have the capacity to differentiate into tissues of
mesodermal origin (bone, cartilage, fat) but also to
give rise to cells from unrelated embryonic layers such
as nerve cells and hepatocytes. In addition, they have
low immunogenicity and possess immunomodulatory
properties which allow them to evade the host immune
[86]
surveillance . Because of these features, MSCs have
been proposed as a cell therapy source with increased
[87-91]
therapeutic potential for a wide range of diseases
,
including acute and chronic liver diseases. Studies
[92-94]
[95-100]
conducted both in rodents
and humans
have
shown that MSCs derived from BM, AT, AF, dental pulp,
UC, and FL under specific culture conditions, are able
to transdifferentiate in vitro into HLCs which express
genes and fulfill some metabolic functions typical of
hepatocytes.
BM-MSCs, the first and the best characterized
source reported to contain MSCs, AT-MSCs, an abun
dant and easily accessible source of MSCs, and UCMSCs, obtainable by the least invasive method, have
been tested comparatively in terms of morphology,
enrichment in MSCs following isolation and expansion,
colony formation, multilineage differentiation capacity,
and immune phenotype. While there were no distinct
morphological or immune phenotypic features among
the three sources of MSCs, AT provided a 100%
success rate in MSC isolation and the highest colony
frequency, while UC-derived MSCs had the highest
rates of proliferation in culture, suggesting UC and AT
[101]
as attractive alternatives to BM for obtaining MSCs .

MSCs and acute liver failure

The therapeutic effect of MSCs in models of acute liver
failure has been elucidated in various studies. MSCs
derived from BM, placenta, and AT showed potential
for differentiation into hepatocytes in vitro and in vivo,
ameliorated liver damage, reduced mortality, and
exerted immunoregulation by suppressing intrahepatic
natural killer T cells and inhibiting inflammatory
signaling, in animal models of induced acute liver
[102-106]
failure
.
When AT-, UC blood-, and human BM-derived
MSCs, either as undifferentiated MSCs or as MSCderived HLCs (DHLCs), were compared for their
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capacity to reverse acute fulminant hepatitis in an
animal model, it was demonstrated that undiffer
entiated MSCs and DHLCs from AT and BM sources
equivalently regenerated the damaged liver, suggesting
that hematopoietic pre-differentiation of MSCs may
not be necessary for liver repopulation. In addition,
because of the abundance and accessibility of ATMSCs as well as their consistent hepatocyte expression
profile upon differentiation, AT may be an excellent SC
[107]
source for liver-regenerative procedures .
The conversion of MSCs into HLCs has been
[108,109]
repeatedly demonstrated
, and effort has been
made to characterize hBMSC-derived hepatocytes in
vitro and in vivo. Towards this end, tissue inhibitor of
metalloproteinases 4 and follistatin expression have
been associated with transdifferentiation events and
suggested as two potential novel biomarkers for the
[110]
characterization of hBMSC-derived hepatocytes
.
However, accumulating evidence supports the notion
that the therapeutic effects of MSCs in acute liver
injury are mediated to a large degree via paracrine
mechanisms releasing trophic and immunomodulatory
factors, rather than true transdifferentiating events.
This is reinforced from experiments with MSC-con
ditioned medium where soluble factors contained in
MSC-conditioned medium (interleukin-6, VEGF, HGF,
and insulin-like growth factor binding proteins) seem
[111]
responsible for reduced hepatocyte apoptosis
,
downregulation of proinflammatory cytokines, increased
[112]
hepatocyte proliferation
and decreased mononuclear
[113]
cell infiltration in the liver . Indeed, secreted mole
cules in culture supernatant from both hFL-MSCs and
hepatocyte progenitor-like cells derived from hFLMSCs had a therapeutic effect in a CCl4-induced acute
[114]
liver injury model
. In addittion, transplantation of
different origin MSCs rescued acute liver failure and
repopulated mouse liver through paracrine effects that
reduced the inflammatory response, inhibited apoptosis
in the liver, and stimulated endogenous regeneration
[115,116]
.
mechanisms

MSC-based therapy for liver cirrhosis

The beneficial effect of MSCs in liver cirrhosis has
been extensively demonstrated both in animal and
clinical studies. Infused BM-MSCs have been shown to
engraft into host liver and ameliorate fibrosis in a timedependent manner by decreasing α-smooth muscle
actin expression, reducing collagen deposition, and
improving recovery of damaged hepatocytes in animal
[117-119]
models of experimental liver fibrosis
. Recently,
AT-MSCs have attracted much interest as liver repo
pulating cells in different models of cirrhosis. ATMSCs, transplanted intraportally, rather than through
the tail vein, inhibited the proliferation and activation
of hepatic stellate cells in vitro and ameliorated
liver fibrosis in CCl4-treated rats by improving the
[120,121]
microcirculation of the fibrotic liver
. In a murine
steatohepatitis cirrhosis model, injected AT-MSCs
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resided in the liver and expressed albumin, ultimately
restoring albumin expression in hepatic parenchymal
cells. Gene expression profiling of AT-MSCs revealed
that the amelioration of hepatic fibrosis in this model
correlated with induction of anti-inflammatory and
regeneration/repair pathways as well as suppression of
[122]
pathogenic helper T-cell activation .
In contrast to the similar hepatic integration
between undifferentiated AT-MSCs and AT-MSCs predifferentiated to HLCs shown in acute liver injury
[107]
models , other liver injury models suggest that predifferentiation of AT-MSCs to HLCs may facilitate liver
engraftment. In a xenogenic transplantation model of
liver regeneration, long-term engraftment of human
AT-MSC-derived HLCs was demonstrated and was
significantly improved when in vitro pre-differentiated
AT-MSCs, instead of undifferentiated MSCs were used,
reaching repopulation rates of more than 10% along
[123]
with functional hepatic regeneration .
Fibroblast growth factor (FGF)-pretreatment of
AT-MSCs facilitated their transdifferentiation towards
hepatic lineage in vitro, and the infused FGF-pretreated
[124]
AT-MSCs reduced hepatic fibrosis in mice
. In
chronic liver injury models, FGF-treated AT-MSCs led
to enhanced hepatocyte proliferation and induction
of hepatic stellate cell apoptosis through activation of
[125]
JNK-p53 signaling in hepatic stellate cells , while BMMSCs pretreated with hepatocyte growth factor (HGF)
and FGF4 or with injured liver tissue showed increased
homing and hepatic differentiation ability providing
[126,127]
therapeutic benefit in injured mice
.
It seems that MSCs exert their therapeutic effects
predominantly by releasing trophic and immuno
modulatory factors rather than trans-differentiating
into parenchymal hepatocytes. MSCs modulate the
function of activated stellate cells via paracrine secretion
of IL-10, HGF and Nerve Growth Factor, providing a
plausible explanation for the protective role of MSCs in
[128-130]
liver inflammation and fibrosis
. Additionally, MSCs
may alleviate hepatic cirrhosis through the expression
of matrix metalloproteinases (MMP-9, MMP-13),
enzymes capable of degrading the extracellular matrix,
thus exerting a direct antifibrotic effect in the injured
[131,132]
liver
.
Several clinical trials (Table 1) have investigated
the therapeutic potential of MSCs derived from BM
or UC blood in liver cirrhosis, providing however,
conflicting results. In two pilot, phase Ⅰ and Ⅰ-Ⅱ,
studies, autologous BM-MSCs were injected into
peripheral or portal vein of a small number of patients
with end-stage liver disease. Liver function and
clinical features were improved while the procedure
[133,134]
was safe and well tolerated
. Safety and shortterm efficacy of autologous BM-MSCs stimulated
towards hepatic lineage and injected via intrasplenic
or intrahepatic route was evidenced in two groups
of 20 patients with post-HCV end-stage liver cell
failure. Patients significantly improved their Child and
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MELD score, fatigue scale and performance status
over the control group who received conventional
[135]
supportive treatment
. In 53 patients with postHBV liver failure, autologous transplantation of BMMSCs through the hepatic artery provided short-term
efficacy in respect to several clinical and biochemical
parameters, but long-term outcomes were not
[136]
markedly improved
. Similarly, in a phase Ⅱ trial
with autologous transplantation of BM-derived,
undifferentiated and differentiated, MSCs in 15 postHCV cirrhotic patients, follow up at 3 and 6 mo
postinfusion, revealed partial improvement of liver
function tests and decline of elevated bilirubin and
[137]
MELD score
. Another study in post-HCV cirrhotic
patients, suggested the safety, feasibility, and efficacy
of intrasplenically administered autologous BM-MSCs
[138]
in improving liver function
. Eleven patients with
alcoholic cirrhosis safely received autologous BMMSCs through the hepatic artery in a phase Ⅱ clinical
trial; histological and clinical (by Child-Pugh score)
improvement was observed in 54.5% and 90.9%
of patients respectively, while the levels of TGF-b1,
type 1 collagen, and a-smooth muscle actin were
[139]
significantly decreased . Similarly, UC-MSC infusion
was well tolerated in patients with decompensated
cirrhosis, acute in chronic liver failure and in patients
with primary biliary cirrhosis, resulting in significant
improvement of liver function and increased survival
[140-142]
rates
.
In contrast to the above mentioned studies, a
randomized, placebo-controlled trial using peripheral
administration of autologous MSCs to cirrhotic patients,
failed to show a beneficial effect of MSCs in cirrhotic
patients. Indeed, 3 of 15 patients who received MSCs
died in the first 5 mo following cell administration
while the absolute changes in Child and MELD scores,
serum albumin, INR, serum transaminases and liver
volumes did not differ significantly between the MSC
and placebo group at 12 mo-follow-up, indicating that
further studies with higher number of patients are
warranted to clarify the true impact of systematic or
[143]
liver-directed MSC infusion in cirrhosis .

Considerations on the clinical application of MSCs

The unique properties of MSCs including easy access
and expansion, engraftment capacity, paracrine
secretion, trans-differentiation and immunomodulation
render them ideally suited for cell therapies. Impor
tantly, compared to embryonic SCs, MSCs do not raise
ethical issues and presumably have a safer profile in
terms of tumorigenesis. Up to date, a considerable
amount of preclinical and clinical evidence is currently
available as regards the promise of MSCs as a rela
tively safe and effective approach in improving liver
disease. However, several issues still need to be
addressed before MSCs-based liver therapy passes to
the clinical practice and these are discussed below.
There is a lack of uniformity in the design of
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clinical trials, characterized by different MSC sources,
doses and routes of administration, all of which may
influence the outcome of MSC infusion on the basis
also of the underlying disease; MSCs engrafted into
injured or regenerating livers only after intrahepatic
[144]
but not intrasplenic injection
whereas intravenously
injected BM-MSCs migrated and engrafted into normal
and injured liver parenchyma, under conditions of
[145]
chronic but not acute injury
. On the contrary, the
systematic administration of MSCs in a randomized
trial with cirrhotic patients failed to provide efficacy
[143]
over placebo .
In terms of safety, and despite the absence of
severe adverse events in the clinical trials conducted
thus far, a pro-fibrogenic potential of MSCs and
unwanted differentiation into myofibroblasts has
[144-146]
been described in several studies
. To avoid this
unwanted differentiation, some groups have suggested
that BM-MSCs should be induced to differentiate into
[123]
HLCs before their infusion
Alternatively, others
have proposed the microencapsulation of MSCs
in alginate-polyethylene glycol microspheres as a
means to prevent scar formation through the artificial
interruption of the cell-to-cell interactions but still the
[147]
enablement of release of soluble molecules .
Although MSCs are at low risk of malignant
transformation, concern exists on their potential to
[148-150]
promote tumor growth in vivo
. Thus, screening
of MSCs for a gene expression signature before
[151]
administration, could serve as a safety measure
.
In vitro, the spontaneous transformation of MSCs
resulting in tumorigenesis was a rather rare event
and occurred only after extended (beyond five
weeks) culture. On the contrary, because of their
immunomodulatory properties, MSCs may exert an
antitumor effect by modulating the inflammatory
environment that characterizes many tumors and by
inhibiting signaling pathways associated with tumor
[152-156]
growth and cell division
.

Hematopoietic stem cells

Bone marrow has been considered as a source of
liver-repopulating cells that contributes to the liver
healing process after tissue injury, thus challenging
the dogma of BM as giving rise to only hematopoietic
cell lineages. It has been reported that BM-derived
SCs can differentiate into a variety of adult cell types
[69-72]
,
that express non-hematopoietic cell markers
[157]
including hepatocytes
. The group of Grompe first
suggested that functional hepatocytes may arise from
[66]
hematopoietic SCs (HSCs) , and in the early 2000s,
several groups demonstrated that SCs originating in
the BM or circulating outside the liver participated in
liver regeneration, not only in experimental animal
[67]
[157,158]
models
but also in human liver
. Numerous
studies followed, highlighting the contribution of HSCs
in ameliorating liver damage.
Hepatic injury caused by surgical liver resection or
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+

cirrhosis in humans, triggered BM CD34 or CD133+/
c-kit+/bcrp-1+ cell trafficking towards the liver and
putatively the differentiation of various populations
[159-161]
of hematopoietic progenitor cells into HLCs
.
BM cell transplantation or infusion of macrophages
in a mouse model of liver fibrosis indicated that
the migrated to the liver cells, reduced liver fibrosis
and significantly improved survival rate compared
[162,163]
with control injured mice
, while BM-derived
hepatocytes were identified in lethally irradiated
[164]
mice transplanted with HSCs
. In patients with
malignant liver lesions, a combination of portal vein
embolization (PVE) and administration of CD133+
BMSCs substantially increased hepatic regeneration
[165]
compared with PVE alone
, while cirrhotic patients
safely underwent autologous BM cell infusion and
improved their Child-Pugh score and albumin levels
[166]
(Table 1)
.

G-CSF mobilization as a source of large numbers of
putatively liver-repopulating cells

HSCs can easily be forced to leave the BM and
circulate into the peripheral blood from where they
can be apheresed and subsequently enriched by their
surface expression of CD34 or/and CD133. Mobilization
of BM-resident HSCs occurs at a low magnitude under
[159,167]
specific stimuli such as tissue injury
or in high
amounts after pharmacological priming with cytostatic
[168,169]
drugs, chemokines, or hematopoietic cytokines
.
Granulocyte-colony stimulating factor (G-CSF) is a
hematopoietic growth factor and the most widely
[170]
used mobilizing agent
. G-CSF, as a means of
forced circulation of large numbers of HSCs, has been
extensively investigated for its hepatic regenerative
[171-174]
effect, both in animal models of liver injury
[175-177]
as well as in clinical trials
. In general, two
approaches have been explored for liver population
with mobilized HSCs, both in animal models and clinical
trials; G-CSF-mobilization alone or G-CSF-mobilization
followed by infusion of autologous mobilized HSCs.
As seen with BM transplantation in liver injury
models and despite the higher numbers of HSCs
potentially accessing the liver by G-CSF mobilization,
the true contribution of mobilized HSCs to liver
[171,173]
repopulation is low. We and others
have shown
that G-CSF mobilization of BM chimeras in induced
acute and chronic liver injury models results in liver
regeneration and improves survival, but the vast
majority of cells repopulating the liver originate in
situ. In a comparative study of all currently available
mobilizing agents (G-CSF, Plerixafor, Plerifaxor
+ G-CSF) with regard to their liver repopulating
potential, we have shown that all mobilizing modalities
ameliorate liver fibrosis, by acting differentially during
the healing process. In all cases, liver recovery was
not ultimately mediated by the HSCs but either from
a paracrine or “bystander” signaling effect of the
mobilized HSCs that triggered endogenous repair
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mechanisms and stimulated tissue progenitor cells
and/or a direct “trophic” effect of the mobilizing agents
in the liver. These effects, however, are difficult to be
experimentally dissected to definitively address this
[174]
question .
Clinical studies that evaluated G-CSF mobilization
in patients with advanced liver disease provided
conflicting results (Table 1). In trials in end-stage
liver cirrhosis or alcoholic steatohepatitis patients,
[175,178]
G-CSF was well tolerated
, and the mobilized
HSCs were shown to coexpress epithelial and SC
[175]
markers
and to induce HPCs to proliferate within
[178]
7 d of administration
. In acute-on-chronic liver
failure (ACLF) patients, mobilization of HSCs with
G-CSF promoted hepatic regeneration, and more than
doubled the percentage of ACLF patients who survived
for 2 mo; it also significantly reduced CTP, MELD,
and SOFA scores and prevented the development
of sepsis, hepatorenal syndrome, and hepatic ence
[179]
phalopathy
. Similarly, a recent randomized open
study showed that the administration of G-CSF was
safe and improved liver function as well as survival
[180]
in patients with severe alcoholic hepatitis
. In an
interesting case report, experimental plasmapheresis
with plasma-exchange (PA-PE), as a process to
eliminate circulating toxic factors, was combined
[181]
with G-CSF in a patient with ACLF
. This regimen
induced mobilization of HSCs and a rapid and long
lasting clinical improvement associated with a ductular
reaction, in which HPCs expressing G-CSF receptor
(G-CSFR) were observed. PA-PE might have mo
dulated the liver microenvironment thus providing a
conducive milieu to G-CSF-mediated amplification of
endogenous HPCs that promoted liver regeneration.
Given that G-CSFR was expressed by HPCs, G-CSF
might also be directly involved in modifying the
[181]
HPC niche exerting a “hepatotrophic effect”
. In
contrast, other clinical studies reported on the safety
and tolerability of G-CSF mobilization but could not
demonstrate significant clinical improvement, despite
[182,183]
effective mobilization
.
The relatively easy access to large quantities of
HSCs by mobilization followed by cytapheresis, renders
them ideally suited as liver repopulating cells. Thus,
several groups have investigated G-CSF mobilization
followed by infusion of autologous mobilized HSCs, an
approach that forces a maximum SC dose to circulate
at a given time, thus increasing the number of SCs
that potentially home to the liver and initiate the
recovery process.
We previously assessed the safety and efficacy of
boost iv infusions of mobilized peripheral blood SCs
(mPBSCs) in two patients with end-stage alcoholic
liver cirrhosis. The patients tolerated well three
mobilization rounds and infusions of mPBSCs that
resulted in lasting amelioration in the clinical course
of a previously decompensated disease, during a
[176]
30 mo follow-up
. In another study, a significant
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biochemical and histopathological improvement was
achieved in a patient with drug-induced acute liver
failure after intraportal administration of mobilized
+
[184]
CD34 BMSCs .
A phase Ⅰ study was performed to determine the
safety and tolerability of G-CSF administration, followed
by collection and intraportal or intrahepatic reinfusion
+
of circulating CD34 cells into patients with liver failure.
An improvement of the hepatic function without
significant side effects in short and long term follow-up
[177,185]
was observed in more than 50% of the subjects
.
In another trial, following G-CSF mobilization and
+
leukapheresis, the autologous CD34 cells were
expanded in vitro and injected into the hepatic artery
of nine patients with alcoholic liver cirrhosis (ALC).
The clinical and biochemical improvement in the
study group was encouraging while it proved safe
+
to mobilize, expand, and reinfuse autologous CD34
[186]
cells in ALC patients . In one of the largest trials, 40
patients with decompensated, hepatitis B virus-related
liver cirrhosis were randomized to receive G-CSF alone
or in combination with leukapheresis and reinfusion
of peripheral blood monocytes (PBMC). A significant
biochemical and clinical improvement was observed
in both groups, but the subjects receiving G-CSF plus
PBMC infusion experienced greater and longer-lasting
[187]
clinical benefits during the follow-up period .

Considerations on the use of HSCs as liver-repopulating
cells
The concept of BM-derived liver regeneration has
been strongly questioned. Despite an improvement in
several parameters of liver function, both in preclinical
and clinical studies, it has become clear that, in the
absence of selective pressure, the true contribution of
BM to liver regeneration is extremely low in effectively
[188-190]
supporting per se liver recovery
. The current
belief is that the clinical benefit observed in the injured
liver after HSC therapy is produced by the activation
of endogenous progenitor cells through paracrine
signaling interaction between donor and host cells
[190-192]
providing cytokines and growth factors
, rather
than by transdifferentiation of BMSCs into parenchymal
[158]
liver cells
or cell fusion with resident target cells in
[193,194]
the host tissue
.
Overall, from the various published studies on the
use of HSCs as a cell therapy source for liver diseases,
it seems that mobilization of HSCs, apheresis, and
re-infusion is safe, while improving quality of life and
disease parameters. As such, this approach may help
to “bridge” patients to liver transplantation or reverse
a decompensated cirrhosis to a compensated stage.
In addition, the use of autologous mobilized HSCs as a
cell source for liver regeneration is not associated with
ethical concerns and can provide easy access to, and
high yields of, SCs without the risk of rejection or need
for immunosuppression. However, efficacy still needs
to be confirmed, and the route of delivery, the amount
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of infused cells, and the timing of infusions need to be
clarified, standardized, and validated in well-designed
large clinical trials.

Liver tissue engineering

Liver tissue engineering endeavours to provide novel
tools for end-stage liver diseases which will, ideally,
replace organ transplantation. Therapeutic approaches
towards this goal include implantable hepatic tissue
engineered constructs and bioartificial liver (BAL)
devices.
Implantable engineered cellular tissues provide
an alternative method of cell delivery and are gaining
ground in the field of regenerative medicine. They are
generated mainly by immobilizing or encapsulating
cells using biomaterial scaffolds. Biomaterial scaffolds
provide 3-dimensional (3D) structures resembling the
extracellular matrix environment in vivo, and have
been used in association with an appropriate induction
medium to promote BM-derived MSC differentiation
[195]
[195]
into HLCs . Apart from alginate scaffolds , derived
from natural polysaccharide-based biomaterials, 3D
nanofibrous scaffolds of synthetic polymer-based
biomaterials, allowing easy control of the quality
and reproducibility of the product, have been used
to investigate the hepatic differentiation potential of
human BM-MSCs. The nanofibrous scaffolds enhanced
SC differentiation into functional HLCs expressing
liver specific markers compared with 2D culture
[196]
systems .
Similarly, the topographic properties of ultraweb
nanofibers enhanced the differentiation of MSCs to
HLCs which maintained functionality in long-term
cultures. Differentiated HLCs homed to and engrafted
into the injured liver of fibrotic mice, enhanced serum
[197]
albumin, and rescued recipients from liver failure
.
In another study, collagen-coated poly 3D scaffolds,
supplemented with hepatocyte differentiation medium,
provided a suitable environment for differentiation
of BM-MSCs into mature hepatocytes over the control,
[198]
monolayer culture system . Recently, poly 3-hydroxy
butyrate-co-3-hydroxyvalerate-co-3-hydroxyhexanoate
scaffolds, made up by biodegradable polyester
produced by bacteria, provided higher viability and
attachment of human UC Wharton’s jelly-MSCs than
other polymers tested, ultimately promoting the
recovery of the injured liver after transplantation in
[199]
mice .
BAL devices contain functional hepatocytes that
supply important molecules to support hepatic function
and to remove circulating toxins. This technology,
however, is limited by the complexity of liver function
and the shortage of human livers to provide adequate
numbers of hepatocytes. Thus, ex vivo differentiated
hepatocytes from alternative sources have been
investigated. A BAL device seeded with ESC-derived
hepatocytes or primary hepatocytes which was
subcutaneously implanted in 90% hepatectomized
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mice, improved liver function and prolonged survival
over control mice, while ESC-derived hepatocytes in
BAL developed characteristics nearly identical to those
[200]
of primary hepatocytes .
Very recently, 3D printing technologies, by fabri
cating complex 3D tissue engineering scaffolds and
providing patient-specific tissue models showed
promise in revolutionizing liver regenerative medicine
[201]
towards customized transplantation approaches .
For all the above technologies however, challenges
still remain and dictate an in depth, understanding
of the specific molecular, mechanisms and signaling
pathways in the hepatic microenvironment that
affect hepatic cell lineages and regulate efficient
[202]
differentiation of SCs .

CONCLUSION
SC-based liver regeneration is an exciting and dynamic
area of research showing remarkable advancement
in liver medicine, both in basic science and in the
translational field. The clinical translation for liver cell
therapies however, from only a promise for cure to a
treatment reality for end stage liver diseases, requires
deeper understanding of SC and liver biology, and the
remaining unsolved aspects to be addressed.
Up to date there has been a lack of uniformity in
preclinical and clinical studies, as regards the type
and the extent of injury of the liver parenchyma,
the source and dose of SCs, the therapeutic timing
and route of administration of SCs, and the primary
endpoints. In addition, positive results in animal
models have not always been translated to successful
clinical trials, as clear evidence of therapeutic benefit
has usually been lacking from clinical trials. As such,
carefully designed clinical trials will help to elucidate
the most appropriate SC therapy for different liver
diseases by considering the background and severity
of the target disease as well as the putative functional
roles of different SCs and the intended biological
action by their infusion.
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Abstract
AIM: To evaluate the antioxidant effect of N-acetyl
cysteine (NAC) on the stomach of rats with portal
hypertension.
METHODS: Twenty-four male Wistar rats weighing ±
250 g were divided into four experimental groups (n =
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6 each): Sham-operated (SO), SO + NAC, partial portal
vein ligation (PPVL), and PPVL + NAC. Treatment with
NAC in a dose of 10 mg/kg (i.p.) diluted in 0.6 mL of
saline solution was administered daily for 7 d starting
8 d after the surgery. Animals from the PPVL and SO
group received saline solution (0.6 mL) for the same
period of time as the PPVL + NAC and SO + NAC
th
group. On the 15 day the animals were anesthetized
and we evaluated portal pressure by cannulating
mesenteric artery. After, we removed the stomach for
further analysis. We performed immunohistochemical
analysis for endothelial nitric oxide synthase (eNOS),
vascular endothelial growth factor (VEGF), and nitro
tirosine (NTT) proteins in stomach. We also evaluated
eNOS and VEGF by Western blot analysis and assessed
DNA damage in blood samples by the comet assay.
RESULTS: The portal hypertension group exhibited
increases in portal pressure when compared to SO
group (29.8 ± 1.8 vs 12.0 ± 0.3 mmHg) (P < 0.001).
The same was observed when we compared the eNOS
(56.8 ± 3.7 vs 13.46 ± 2.8 pixels) (P < 0.001), VEGF
(34.9 ± 4.7 vs 17.46 ± 2.6 pixels) (P < 0.05), and
NTT (39.01 ± 4.0 vs 12.77 ± 2.3 pixels) (P < 0.05)
expression by immunohistochemistry of the PPVL
animals with the SO group. The expression of eNOS
(0.39 ± 0.03 vs 0.25 ± 0.03 a.μ) (P < 0.01) and VEGF
(0.38 ± 0.04 vs 0.26 ± 0.04 a.μ) (P < 0.01) were also
evaluated by Western blot analysis, and we observed
an increase of both proteins on PPVL animals. We
also evaluated the DNA damage by comet assay, and
observed an increase on damage index and damage
frequency on those animals. NAC decreased portal
pressure values in PPVL + NAC animals (16.46 ± 2
vs 29.8 ± 1.8 mmHg) (P < 0.001) when compared to
PPVL. The expression of eNOS (14.60 ± 4.1 vs 56.8 ±
3.7 pixels) (P < 0.001), VEGF (19.53 ± 3.2 vs 34.9 ± 4.7
pixels) (P < 0.05) and NTT (21.84 ± 0.7 vs 39.01 ± 4.0
pixels) (P < 0.05) evaluated by immunohistochemistry
were also reduced in PPVL + NAC animals. Also, when
evaluated by Western blot eNOS expression (0.32
± 0.03 vs 0.39 ± 0.03 a.μ) (P < 0.05) and VEGF
expression (0.31 ± 0.09 vs 0.38 ± 0.04 a.μ) (P < 0.01).
Furthermore, NAC modulated DNA damage in PPVL +
NAC animals.
CONCLUSION: In view of these results, we believe
NAC is able to protect the stomach from the alterations
induced by the PPVL procedure.
Key words: N-Acetylcysteine; Portal hypertension;
Gastropathy; Oxidative stress; Antioxidant
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Portal hypertension (PH) is a syndrome with
serious manifestations as ascites, hepatic encepha
lopathy and development of collateral circulation,
characterized by vasodilation and angiogenesis. This
mechanism, intended to divert blood from the site
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of obstruction, is the leading cause of death among
these patients, since it leads to upper gastrointestinal
bleeding. Therapies that may contribute to control
the development of collateral circulation are been
investigated in an attempt to improve the quality of life
of PH patients. This paper proposes a novel therapy,
using an antioxidant effective in reducing this collateral
circulation in an animal model of portal hypertension.
Licks F, Hartmann RM, Marques C, Schemitt E, Colares
JR, Soares MC, Reys J, Fisher C, da Silva J, Marroni NP.
N-acetylcysteine modulates angiogenesis and vasodilation in
stomach such as DNA damage in blood of portal hypertensive
rats. World J Gastroenterol 2015; 21(43): 12351-12360 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i43/12351.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i43.12351

INTRODUCTION
Portal hypertension (PH) is characterized by a
progressive increase in pressure within the hepatic
portal system, with development of hyperdynamic
circulation and a pressure gradient in the portal system
(the difference between the pressure in the portal vein
[1]
and the hepatic veins) exceeding 5 mmHg .
Conditions in which portal blood flow is reduced
or obstructed by an anatomic obstacle are the deter
minants of PH pathogenesis. When an anatomic
obstacle arises, vascular resistance to flow increases,
[2]
contributing to the development of PH . Depending
on the location of this obstacle to blood flow, PH
may be classified as pre-hepatic (portal or splenic
vein thrombosis), intra-hepatic (cirrhosis), or posthepatic (inferior vena cava thrombosis), among other
[3]
examples .
The result of increased vascular resistance in the
splanchnic circulation is increased pressure within
the portal system. This leads to the development of
a collateral circulation in an attempt to decompress
the system, shunting blood directly into the systemic
circulation, and increasing local venous blood flow
[4]
through vasodilation . Vasodilation in the splanchnic
territory leads to the development of varices, par
ticularly in the stomach. Gastric varices can be located
from the fundus to the upper third of the stomach, and
are caused by exacerbated dilation of blood vessels
[5]
secondary to PH .
Among the various vasoactive substances imp
licated in the development of a splanchnic collateral
circulation, nitric oxide is the key mediator involved
in this process. Vasodilation and the formation of
portosystemic collaterals contribute to increased blood
flow and worsen PH, increasing the risk of upper
[6]
gastrointestinal bleeding . Nitric oxide derived from
endothelial nitric oxide synthase (eNOS) plays a major
role in the pathophysiology of PH. Nitric oxide is a
potent vasodilator, and acts not only on the splanchnic
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circulation but also on the arterial circulation. It diffuses
into smooth muscle cells and activates guanylate
cyclase, producing cyclic guanosine monophosphate
and thus contributing to the excessive vasodilation
[7]
observed in PH .
The pathways of eNOS activation include endothelial
stimuli such as shear stress, proinflammatory cy
tokines, and vascular endothelial growth factor
[8,9]
(VEGF) .
The angiogenesis process, characterized by the
formation of new blood vessels from preexisting ones,
also contributes to the development and persistence
of the collateral circulation. The role of VEGF in this
process has been established by experimental studies
in which it was shown to be the main angiogenic
mediator in rats with PH. VEGF appears to contribute to
the deterioration of PH by stimulating the development
of portosystemic collaterals and increasing the
[10,11]
permeability of the mesenteric microvasculature
.
The role of oxidative stress in the vascular dys
function of PH has been well established in the
[12,13]
literature
. The overproduction of nitric oxide
caused by the vascular abnormalities present in
portal hypertension facilitates the reaction of NO to
-º
superoxide anion radical (O2 ) and forms peroxynitrite
(ONOO ) contributing to an increase in oxidative
[14]
phenomena . The reactive oxygen species that
characterize oxidative stress have the potential to
bind to proteins, break DNA, and induce cell damage
by interactions with various cell components. This
phenomenon is associated with a series of disorders,
[15]
including PH .
N-Acetylcysteine (NAC) is a compound that has
been widely used in clinical practice for decades: as
a mucolytic agent; in the management of ischemiareperfusion injury; in acute respiratory distress
syndrome and bronchitis; in the treatment of para
cetamol toxicity and heavy metal poisoning; in HIV;
and in psychiatric disorders. Its broad indications are
due to its extensive antioxidant effects, which are
•
•
attributable to its ability to react rapidly with OH, NO2,
•−
CO , and thiyl radicals, as well as to replenish vital cell
[16]
components depleted by injury .
Within this context, the aim of the present study
was to assess the effects of the antioxidant NAC in a
rat model of PH, while evaluating the involvement of
oxidative stress, vascular damage, and DNA damage
in PH.

MATERIALS AND METHODS
Ethics

All animal-related procedures were performed in
compliance with the guidelines of the Research Ethics
Committee of Hospital de Clínicas de Porto Alegre
(HCPA), state of Rio Grande do Sul, Brazil, and with
the United States National Academy of Sciences
[17]
Principles for Research Involving Animals .
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Animals

We used 24 male Wistar rats, weighing 250 g each,
obtained from the HCPA vivarium. All were kept in
plastic bin cages, measuring 47 cm × 34 cm × 18
cm and lined with wood chips, under a 12-h dark/
light cycle (lights on from 7 a.m. to 7 p.m.), at a
controlled temperature of 22 ± 4 ℃. The rats were fed
®
commercially available chow (Purina - Nutripal, Porto
Alegre, RS, Brazil), 16 g/d, and had access to water ad
libitum.

Groups and treatment protocols

Animals were divided into four experimental groups
(n = 6 each): sham-operated (SO), SO + NAC, partial
portal vein ligation (PPVL) and PPVL + NAC. NAC
(Sigma Chemical Co., St. Louis, MO, United States;
CAS registry number 616-91-1) was administrated
at a dose of 10 mg/kg, intraperitoneally, dissolved in
0.6 mL of normal saline solution (0.9% NaCl). This
dose was based on previous studies performed by our
[18]
research group . Treatment was administered once
daily for 7 d, starting on day 8 after surgery. Animals
in the PPVL and SO groups received the same volume
of saline solution, for the same period, instead of NAC.

Induction of portal hypertension

The animals were initially anesthetized with ketamine
hydrochloride (100 mg/kg i.p.) and xylazine hydro
chloride (10 mg/kg i.p.). After induction of anesthesia,
a midline laparotomy was performed and the bowels
were gently retracted with a gauze pad soaked in
saline. Briefly, the portal vein was isolated using 3-0
silk and a 20G needle was placed in front of it to
establish PPVL. Both the portal vein and the needle
were tied using the silk suture and the needle was
withdrawn. The SO group underwent a sham version
of the same procedure, in which the portal vein was
[19]
not ligated .

Euthanasia

On day 15 after surgery, animals were anaesthetized
with ketamine hydrochloride (100 mg/kg) and xylazine
hydrochloride (10 mg/kg i.p.). Blood was collected
from the retro-orbital plexus using a heparinized
capillary tube and stored in heparinized Eppendorf
[20,21]
microtubes for later assessment of DNA damage
.
After blood sampling, the abdomen was shaved
and a laparotomy performed. Portal pressure was
measured by cannulation of the mesenteric vein with
a catheter coupled to a polygraph (Poligraph 2006,
[19]
Letica Scientific Instruments, Barcelona, Spain) . The
animals were then killed by exsanguination under deep
[22]
anesthesia
and we collected the stomach for the
posterior analyzes. A piece of the stomach sample was
frozen and stored at -80 ℃ and another piece was cut
and fixed in 10% buffered formalin for 24 h. Paraffin
blocks were cut with a rotatory microtome to create
3-mm sections.
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Immunohistochemistry

[26]

Expression of eNOS, VEGF, and nitrotyrosine (NTT)
antibody in stomach tissue was determined by
immunohistochemical analysis. Antigen retrieval was
performed using buffer at 100 ℃, and endogenous
peroxidase activity was blocked by incubation with
absolute methanol. Slides were incubated with
rabbit polyclonal antibody (NOS3 C-20 (sc-654),
1:200, Santa Cruz Biotechnology, Santa Cruz, CA,
United States), mouse monoclonal antibody (VEGF
C-1 (sc-7269), 1:200, Santa Cruz Biotechnology,
Santa Cruz, CA, United States), and rabbit polyclonal
antibody (Nitro-Tyrosine Antibody (#9691), 1:200, Cell
Signaling Technology) overnight at 4 ℃, then washed
with buffer and incubated with secondary antibodies
for eNOS (goat anti-rabbit IgG-HRP 2004), VEGF (goat
anti-mouse IgG-HRP 2005), and NTT (anti-rabbit
IgG-HRP 7074) for 30 min at room temperature. The
slides were analyzed by a pathologist without prior
knowledge of group allocation using a microscope
coupled to a digital camera. Images were captured
using Image-Plus software (Media Cybernetics,
Bethesda, MD, United States). Quantification of eNOS,
VEGF, and NTT antibody expression was performed
®
via digital analysis in Adobe Photoshop CS3 Extended
10.0 and involved counting pixels of areas stained
by the immunohistochemical reagents. The level of
expression was determined by multiplying the average
density of the image by the percentage of positively
[23]
stained areas (areas of brown staining) .

Western blot analysis

Western blot analysis was performed in cytosolic
extract prepared from stomach homogenates. The
supernatant fraction was collected and stored at
80 ℃ in aliquots until use. Protein concentration
was measured as described by Bradford (1976).
Lysate proteins were fractionated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and transferred to polyvinylidene fluoride
[24,25]
(PVDF) membranes
. The membranes were then
blocked with 5% nonfat dry milk in Tris-buffered saline
containing 0.05% Tween 20 (TTBS) for 1 h at room
temperature and probed overnight at 4 ℃ with rabbit
polyclonal antibody [NOS3 C-20 (sc-654), Santa Cruz
Biotechnology, Santa Cruz, CA, United States], mouse
monoclonal antibody [VEGF C-1 (sc-7269), Santa
Cruz Biotechnology, Santa Cruz, CA, United States], at
1:200-1000 dilution with TTBS in 5% nonfat dry milk,
and anti-β-actin (42 kDA) antibody (Sigma Aldrich,
St. Louis, MO, United States) at 1:1000 dilution with
TTBS in 5% nonfat dry milk. After washing with TTBS,
the membranes were incubated for 1 h at room
temperature with secondary HRP-conjugated antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, United
States, 1:4.000). Protein detection was performed
via chemiluminescence using a commercial ECL kit
(Amersham Pharmacia Biotech, Little Chalfont, Great
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Britain) . The density of the specific bands was
quantified with imaging densitometry software (Scion
Image, Maryland, MA).

Comet assay

The alkaline comet assay was carried out as described
[20]
[21]
elsewhere , with minor modifications . Blood
samples (50 μL) were placed in 5 μL of anticoagulant
®
(heparin sodium, 25000 IU, Liquaemin ). Blood
cell suspensions (5 μL) were embedded in 95 μL of
0.75% low melting point agarose (Gibco BRL) and
spread on agarose-precoated microscope slides. After
solidification, slides were placed in lysis buffer (2.5
mol/L NaCl, 100 mmol/L EDTA, and 10 mmol/L Tris,
pH 10.0), with freshly added 1% Triton X-100 (Sigma)
and 10% DMSO for 48 h at 4 ℃. The slides were
subsequently incubated in freshly prepared alkaline
buffer (300 mmol/L NaOH and 1 mmol/L EDTA, pH
> 13) for 20 min at 4 ℃. An electric current of 300
mA and 25 V (0.90 V/cm) was applied for 15 min to
perform DNA electrophoresis. The slides were then
neutralized (0.4 mol/L Tris, pH 7.5), stained with
silver, and viewed under a microscope. Images of 100
randomly selected cells (50 cells from each of two
replicate slides) from each animal were analyzed. Cells
were also visually scored according to tail size into five
classes, ranging from undamaged (0) to maximally
damaged (4), resulting in a single DNA damage score
for each animal and, consequently, for each studied
group. The damage index (DI) could thus range from
0 (completely undamaged, 100 cells × 0) to 400
(maximum damaged, 100 cells × 4). The damage
frequency (%) was calculated on the basis of the
number of tailed versus tailless cells.

Statistical analysis

All data are presented as mean ± SE. Statistical
significance was calculated using GraphPad InStat,
version 3.0 for Windows. Analysis of variance and
the Student-Newman-Keuls method were used for
multiple analysis. For the comet assay, the normality
of variables was evaluated using the KolmogorovSmirnov test, and statistical differences between
groups were analyzed using the nonparametric twotailed Kruskal-Wallis test with Dunn’s correction for
multiple comparisons. Student’s t-test was used to
compare damage between negative and positive
controls. The critical level for rejection of the null
hypothesis was considered to be a P value of < 0.05
(i.e., a significance level of 5%).

RESULTS
Portal pressure measurement

We observed a statistically significant increase in portal
pressure values in the PPVL group as compared to SO
animals (P < 0.001). In the NAC-treated group, these
values were significantly decreased (P < 0.001) (Figure
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figure 1 Portal pressure. Effects of partial portal vein ligation (PPVL) and
N-acetylcysteine (NAC) administration on portal pressure. aP < 0.001 against
SO, bP < 0.001 against PPVL (n = 6). SO: Sham-operated group; SO + NAC:
Sham-operated animals treated with NAC; PPVL: Partial portal vein ligation
group; PPVL + NAC: Partial portal vein ligation group treated with NAC.

1).

Immunohistochemistry

Immunohistochemical analyses for eNOS (Figure 2A; P
< 0.001), VEGF (Figure 2B; P < 0.05) and NTT (Figure
2C; P < 0.05) showed that animals in the PPVL group
had samples markedly positive for all three proteins.
NAC treatment reduced expression of eNOS, VEGF,
and NTT in stomach tissue.

Western blot analysis

Expression of eNOS (Figure 3A; P < 0.05) and VEGF
(Figure 3B; P < 0.01) was increased in PPVL animals as
compared with the SO group. Conversely, expression of
these proteins was reduced in the PPVL + NAC group
when compared with the PPVL group.

Comet assay

The comet assay revealed an increased DNA damage
index (Figure 4A) and increased frequency of damage
in blood samples (Figure 4B) in PPVL group animals.
NAC treatment reduced both of these parameters,
thus demonstrating the ability of NAC to modulate
DNA damage in this experimental model.

DISCUSSION
PHis the main complication of cirrhosis, and is one of
the leading causes of mortality in patients with chronic
liver disease. The increased vascular resistance and
blood flow present in PH are determining causes
that elevate the portal pressure gradient, shunting
blood from the liver into the systemic circulation. The
subsequent formation of collateral vessels due to the
NO overproduction is implicated in gastroesophageal
[27]
bleeding, hepatic encephalopathy, and sepsis .
The search for medications that can prevent or
mitigate this increase in portal pressure is extremely
relevant. In the present study, we sought an alter
native based on the close relationship between PH and
oxidative stress and on the involvement of nitric oxide
in this setting.
NAC is an antioxidant with a well-established
mechanism of action, based on its ability to res
tore glutathione levels and act as a free radical
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scavenger . Furthermore, NAC modulates nitric oxide
through interactions of its thiol component with NO to
[29]
form nitrosothiol .
The increased portal pressure observed in rats
subjected to PPVL corroborates the findings of previous
[30,31]
studies
and demonstrates the efficacy of the
experimental model used in this study. NAC treatment
effectively reduced pressure in the portal system in
PPVL + NAC animals (Figure 1). Similar results were
obtained in a prior study by our research group,
in which NAC was found to reduce portal system
pressures as a result of its ability to modulate nitric
[32]
oxide and its antioxidant properties .
The ability of NAC to modulate nitric oxide
bioavailability led to a reduction in eNOS expression
in the gastric mucosa of portal hypertensive rats
treated with NAC (PPVL + NAC), as assessed by
immunohistochemistry (Figures 2A-C) and Western
blot analysis (Figures 3A and B).
NO synthases are enzymes that play an essential
role in the control of nitric oxide biosynthesis. The
three main isoforms are inducible NO (iNOS) and two
[33]
constitutive forms, nNOS and eNOS . Nitric oxide
produced by endothelial cells (eNOS) plays a major
role in vascular smooth muscle relaxation. Under
physiologic conditions, NO release is stimulated by
acetylcholine, bradykinin, and adenosine triphosphate,
among other mediators. Furthermore, the friction of
circulating blood cells against vessel walls triggers
eNOS-mediated nitric oxide synthesis via a shear
[34]
stress mechanism to increase nitric oxide .
In PH, development of a hyperdynamic circulation
is associated with nitric oxide overproduction, and
portal hypertensive gastropathy is associated with the
[35]
hemodynamic changes caused by NO triggering . In
the present study, the PPVL model caused an increase
in portal system pressure and, consequently, increased
eNOS immunoreactivity and expression in the gastric
mucosa of rats in the PPVL group (Figures 2A and
3A). In a previous study, NAC reduced splanchnic
vasodilation by reducing NO levels in an experimental
model of cirrhosis induced by common bile duct
[36]
ligation . Our research group found a similar effect of
[18]
NAC in rats with hepatopulmonary syndrome .
Nitric oxide toxicity is particularly prevalent in
oxidative stress settings. The high reactivity of NO
-º
with molecules such as the superoxide anion (O2 )
produces highly injurious compounds, such as per
oxynitrite (ONOO ), which may trigger nitrosative
[37]
stress . As PH is directly associated with oxidative
stress and nitric oxide overproduction, it is to be
expected that synthesis of reactive metabolites will
occur, potentiating the pathophysiological changes
observed in this syndrome.
This finding was proven by analysis of immuno
reactivity to NTT in the gastric mucosa of study
animals. We observed increased NTT reactivity in
PPVL group animals (Figure 2C). The peroxynitrite
generated during interactions of nitric oxide with the
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figure 2 Immunohistochemistry for endothelial nitric oxide synthase, vascular endothelial growth factor and nitrotyrosine. A: Effects of partial portal vein
ligation (PPVL) and N-acetylcysteine (NAC) administration on eNOS immunoreactivity in gastric mucosa, bP < 0.001 (n = 6); B: Effects of partial PPVL and NAC
administration on VEGF immunoreactivity in gastric mucosa, aP < 0.05 (n = 6); C: Effects of PPVL and NAC administration on NTT immunoreactivity in gastric mucosa,
a
P < 0.05 (n = 6). SO: Sham-operated group; PPVL: Partial portal vein ligation group; PPVL + NAC: Partial portal vein ligation group treated with NAC. Original
magnification × 400.
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figure 3 Western blot analysis. A: Effects of partial portal vein ligation (PPVL) and N-acetylcysteine (NAC) administration on eNOS expression, aP < 0.05 (n = 6);
B: Effects of PPVL and NAC administration on VEGF expression. SO: Sham-operated group; PPVL: Partial portal vein ligation group; PPVL + NAC: Partial portal vein
ligation group treated with NAC, aP < 0.01 (n = 6).

superoxide anion reacts with tyrosine residues and
free tyrosine to produce NTT. In addition, the tyrosyl
radical generated by ROS-mediated activation of
[37-39]
tyrosine oxidizes nitric oxide, generating NTT
.
The importance of NTT as a marker is based on the
hypothesis that nitric oxide production will have been
great enough to yield observable products such as
NTT, as in the experimental model used in the present
[40]
study .
NAC treatment effectively reduced NTT immuno
reactivity in PPVL animals as compared with controls
(Figure 2C), which demonstrates not only the antio
xidant effect of NAC as a free radical scavenger
but also its effects on NO production. Fernando et
[41]
al
found that NAC administration was effective in
reducing oxidative stress in PPVL animals as assessed
by measurement of F2-isoprostanes and NO levels. In
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the present study, reductions in NO bioavailability and
free radical generation may have enabled reduction
of the peroxynitrite levels observed in the gastric
mucosa of experimental animals, and may explain the
protection afforded by NAC therapy.
The collateral vasculature characteristic of
hyperdynamic circulation is formed by dilatation of
preexisting vessels and by the angiogenesis process,
which is modulated by vascular growth factors
[42]
such as VEGF . This process is also an alternative
pathway of nitric oxide production, mediated by VEGF
[38]
activation .
We assessed VEGF production in this experimental
model by means of immunohistochemistry tech
niques and Western blot analysis. Rats in the PPVL
group exhibited increased VEGF expression and
immunoreactivity (Figures 2B and 3B) as compared
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overproduction in rats subjected to PPVL. NAC was
able to reduce nitric oxide and thus decrease portal
system pressure. This effect, added to its antioxidant
and antiangiogenic properties, led to a reduction of
the hyperdynamic collateral circulation and had a
protective action on the gastric mucosa.
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Portal hypertension is the leading cause of bleeding and death in cirrhotic
patients due to recurrent cases of upper gastrointestinal bleeding. This high
rate of bleeding is due to the development of collateral circulation, which
despite being a physiological mechanism for decompressing the system, leads
to progressive dilatation of the vessels and their likely breakdown especially
in stomach. Therefore, is very large number of studies trying to seek a way to
reduce this vasodilation. In the case of this study, we elected the antioxidant
N-acetylcysteine (NAC).
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Research frontiers

2

NAC is a drug already used in the clinic, easily accessed, inexpensive and
well - tolerated. The importance of the NAC is due to its direct and indirect
antioxidant action, so important in this disease.
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figure 4 Comet assay. Damage index (A) and damage frequency (B). SO:
Sham-operated group; SO + NAC: Sham-operated animals treated with NAC;
PPVL: Partial portal vein ligation group; PPVL + NAC: Partial portal vein ligation
group treated with NAC. aModulation of DNA damage index induced by NAC in
PPVL animals.

with control animals. This demonstrates the presence
of a stimulus for development of a collateral circulation
in rats subjected to PPVL. NAC effectively reduced
VEGF expression in the PPVL + NAC group, as
demonstrated by both techniques employed.
Inhibition of VEGF receptor-2 has been shown to
reduce hyperdynamic circulation and development of
[10]
collaterals in rats with PH , and NAC has been shown
to effectively reduce VEGF and p-VEGFR2 expression
[36]
in the mesenteric vasculature of cirrhotic rats . The
results of the present study corroborate these findings.
Oxidative stress damages membrane lipids,
[43]
proteins, and DNA . The present study demonstrated
an increase in DNA damage index (Figure 4A) and
damage frequency (Figure 4B), as assessed by the
comet assay, in PPVL animals as compared with
controls. NAC reduced DNA damage when admini
stered to PPVL animals.
NAC has antigenotoxic effects and detoxifies free
radicals, which cause cellular DNA damage and has
been reported to reduce cyclophosphamide-induced
[44]
genotoxicity as assessed by the micronucleus assay .
The present study demonstrated a DNA-protective
effect of NAC as shown by the comet assay. A previous
investigation conducted by our research group
evaluated the actions of NAC in rats with CCl4-induced
cirrhosis and found antigenotoxic effects associated
[18]
with its antioxidant properties .
In view of these findings, we conclude that NAC
protects the gastric mucosa from the oxidative damage
and hemodynamic changes related to nitric oxide
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Innovations and breakthroughs

Previous work published by the group showed that NAC was effective in reducing
oxidative stress and portal pressure in an experimental model of partial ligation
of portal vein. In this present study, the authors aimed for better understanding
the pathways involved in this effectiveness, pointing out the mechanisms used
by this medicine to improve the gastropathy of portal hypertension.

Applications

The elucidation of the mechanisms of NAC action is of paramount importance
for understanding the pathophysiology of portal hypertension. Therefore, this
is indispensable to study a future alternative treatment for this disease. NAC
is effective in reducing gastric damage and oxidative stress in an experimental
model of portal hypertensive gastropathy that demonstrates all the physiological
alterations present in patients affected by this disease.

Terminology

Gastropathy is the non-inflammatory macroscopic lesions present in patients
with portal hypertension. The portal hypertension is characterized by
progressive increase of pressure in the portal system, which leads to a risk of
vascular rupture and upper gastrointestinal bleeding.

Peer-review

This is a well-performed study in which the authors analyzed the protective
effect of NAC on portal hypertensive gastropathy in rats. The results are
interesting and suggest that this antioxidant is a potential therapeutic substance
that could be used for preventing the upper gastrointestinal bleeding of portal
hypertension patients.
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AIM: To investigate the mechanisms of insulin resis
tance in human hepatoma cells expressing hepatitis C
virus (HCV) nonstructural protein 5A (NS5A).
METHODS: The human hepatoma cell lines, Huh7
and Huh7.5, were infected with HCV or transientlytransfected with a vector expressing HCV NS5A. The
effect of HCV NS5A on the status of the critical players
involved in insulin signaling was analyzed using realtime quantitative polymerase chain reaction and
Western blot assays. Data were analyzed using Graph
Pad Prism version 5.0.
RESULTS: To investigate the effect of insulin treat
ment on the players involved in insulin signaling
pathway, we analyzed the status of insulin receptor
substrate-1 (IRS-1) phosphorylation in HCV infected
cells or Huh7.5 cells transfected with an HCV NS5A
expression vector. Our results indicated that there was
307
an increased phosphorylation of IRS-1 (Ser ) in HCV
infected or NS5A transfected Huh7.5 cells compared
to their respective controls. Furthermore, an increased
473
phosphorylation of Akt (Ser ) was observed in HCV
infected and NS5A transfected cells compared to their
mock infected cells. In contrast, we observed decreased
phosphorylation of Akt Thr308 phosphorylation in HCV
NS5A transfected cells. These results suggest that
Huh7.5 cells either infected with HCV or ectopically
expressing HCV NS5A alone have the potential to
induce insulin resistance by the phosphorylation of
307
IRS-1 at serine residue (Ser ) followed by decreased
308
256
phosphorylation of Akt Thr , Fox01 Ser and GSK3β
9
Ser , the downstream players of the insulin signaling
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pathway. Furthermore, increased expression of PECK
and glucose-6-phosphatase, the molecules involved in
gluconeogenesis, in HCV NS5A transfected cells was
observed.
CONCLUSION: Taken together, our results suggest the
role of HCV NS5A in the induction of insulin resistance
by modulating various cellular targets involved in the
insulin signaling pathway.
Key words: Hepatitis C virus nonstructural protein 5A;
Insulin resistance; Forkhead box protein 01; Glycogen
synthase kinase-beta; Gluconeogenesis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The underlying molecular mechanisms of
insulin resistance in response to hepatitis C virus (HCV)
infection are poorly understood. Previous studies have
demonstrated the effect of HCV core and envelop
proteins on insulin signaling in human hepatocytes.
However, the role of HCV nonstructural protein 5A
(NS5A) in insulin resistance is not known. Our data
clearly indicate the role of NS5A in insulin resistance
307
through increased phosphorylation of IRS-1Ser and
308
256
decreased phosphorylation of AktThr , Fox01Ser ,
9
and GSK3βSer .
Parvaiz F, Manzoor S, Iqbal J, Sarkar-Dutta M, Imran M, Waris G.
Hepatitis C virus NS5A promotes insulin resistance through IRS-1
serine phosphorylation and increased gluconeogenesis. World J
Gastroenterol 2015; 21(43): 12361-12369 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i43/12361.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i43.12361

INTRODUCTION
Hepatitis C virus (HCV) is a blood-borne pathogen,
belonging to the family Flaviviridae. The HCV genome
is a positive sense single stranded RNA molecule,
which encodes a polyprotein that is cleaved by
viral proteases and host cell signal peptidases into
[1,2]
mature structural and non-structural proteins
.
Chronic infection with HCV progresses into a number
of pathological conditions including insulin resis
tance, fibrosis, steatosis, cirrhosis and ultimately
[3,4]
hepatocellular carcinoma .
Insulin is the major anabolic hormone that has to
utilize excessive glucose and maintain energy needs
of the body. Insulin primarily performs this function by
[4]
downregulating gluconeogenesis and glycogenolysis .
The primary targets of insulin action are skeletal muscles,
[5]
cardiac muscles and the liver . In certain pathological
conditions, insulin is vulnerable to perform its function
and results in abnormal metabolic condition known as
insulin resistance that refers to the complex array of
metabolic disorders involving lipid deposition, enhanced
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[6-11]

fatty acids release and unfolded protein response
.
One of the key downstream insulin signaling molecules
is Akt that has been implicated in insulin resistance with
[12]
the accumulation of diacylglycerols and ceramides .
In addition to this, ceramides may acts through an
atypical isoform of protein kinase C (PKC), i.e., PKCzeta that sequesters Akt and inhibits its function in
[13,14]
normal insulin signaling
.
In normal insulin signaling, insulin receptor sub
strate 1 (IRS-1) undergoes tyrosine phosphorylation
and initiates a cascade of downstream signaling.
However, there is impaired phosphorylation of IRS-1 in
[15]
obese patients with type 2 diabetes mellitus . Studies
also reveal that pro-inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-α) and interleukin-6
are involved in insulin resistance via serine phosphory
[16]
lation of IRS-1 . During insulin signaling, the insulin
receptor has to bind with the adaptar protein, IRS,
and triggers the metabolic pathway effectively. In
contrast, serine phosphorylation of IRS-1 leads to the
degradation of IRS protein and hampers the insulin
[4]
signaling pathway . Akt is the downstream insulin
signaling molecule which phosphorylates forkhead box
protein 01 (Fox01) and glycogen synthase kinase-beta
[17,18]
(GSK3β) and modulates insulin signaling
. Fox01 is
the first direct downstream target of Akt and is involved
in mediating hepatic glucose production via peroxisome
proliferator-activated receptor γ coactivator 1α (PGC[19]
1α) . Fox01 regulates the expression of genes involved
[20]
in glucose and lipid metabolism . Fox01 undergoes
posttranslational modifications including acetylation,
ubiquitination and importantly phosphorylation to
[18]
perform its stimulatory effect . Fox01 has multiple
phosphorylation sites but phosphorylation at serine
256 modulates its DNA binding activity and hampers
[21]
normal metabolic pathways . Downstream to the
Akt/protein kinase B signaling pathway also lies another
important protein GSK3β that gets phosphorylated and
inactivated in response to insulin, and suppresses key
gluconeogenic genes, i.e., glucose-6-phosphatase (G6P)
[22,23]
and phosphoenol pyruvate carboxykinase (PEPCK)
.
Insulin regulates homeostasis by regulating two
opposite pathways, i.e., glycolysis and gluconeogenesis.
Gluconeogenesis involves the conversion of pyruvate
back to glucose with the aid of PEPCK, G6P and
[22-28]
several other enzymes
. In the cyclic adenosine
monophosphate (cAMP) axis, there is a cascade of
genes that get activated and inactivated in response
to the insulin mediated actions. Previous studies have
shown that PGC-1α strongly upregulates gluconeogenic
genes like cAMP response element binding protein
[29-31]
(CREB), PEPCK and G6P
. Akt inactivates PGC-1α
and inhibits gluconeogenesis under normal metabolic
[32]
conditions .
During the course of chronic HCV infection, the
insulin signaling pathway is altered and the glucose
cannot be metabolized properly with the concomitant
increased transcriptional and translational expression
[33,34]
of gluconeogenic genes/proteins
. So far little is
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Table 1 Primers used in the study
Gene
CREB
PEPCK
G6P
TNF-α

Forward primer

Reverse primer

GATCTTAGTGCCCAGCAACC
GGCTACAACTTCGGCAAATACC
CATTGACACCACACCCTTTGC
AGGCGCTCCCCAAGAAGACA

GACGGACCTCTCTCTTTCGT
GGAAGATCTTGGGCAGTTTGG
CCCTGTACATGCTGGAGTTGAG
TCCTTGGCAAAACTGCACCT

TNF-α: Tumor necrosis factor-alpha; PEPCK: Phosphoenol pyruvate carboxykinase; G6P: Glucose-6-phosphatase; CREB: CRE-binding protein.

known about the molecular mechanism behind the
role of HCV in insulin resistance. Previously, HCV core
protein has been shown to promote insulin resistance
through serine phosphorylation of IRS-1 and modu
[33,35]
lating the Akt signaling pathway
.
In this study, we investigated the mechanism by
which NS5A modulates key insulin signaling mole
cules such as IRS-1, Akt, Fox01 and GSK3β at the
posttranslational level and their target genes.

307

Antibodies against IRS-1 (Ser ) and phospho473
Akt (Ser ) were purchased from Calbiochem. Anti256
phospho-Fox01 (Ser ) and anti-phospho-GSK3β (α/β)
were purchased from Cell Signaling. Anti-phospho Akt
308
(Thr ) and anti-actin were purchased from Santa
Cruz Biotechnology and Sigma, respectively. Human
recombinant insulin was purchased from Invitrogen.
SYBR green master mix was purchased from Applied
Biosystems.

Cell lines

Huh7 and Huh7.5 cell lines were grown in Dulbecco’s
modified eagle medium supplemented with 10% fetal
bovine serum, 100 U of penicillin/mL and 100 μg/mL
of streptomycin and cultured at 37 ℃ under 5% CO2.
Huh7.5 cell line was kindly provided by Dr. Charles
Rice (Rockefeller University, NY) to Dr. Gulam Waris at
Rosalind Franklin University of Medicine and Science
(RFUMS), United States.

HCV cell culture infection system

Total cellular RNA was extracted from mock infected,
HCV infected and HCV NS5A transfected Huh7.5 cells
using Trizol (Invitrogen, CA). The extracted RNA was
treated with DNase using RQ1 RNase-free DNase prior
to cDNA synthesis. The cDNA was reverse-transcribed
from 1 μg of total RNA using oligo(dT) primers accor
ding to the manufacturer’s protocol (Applied Bio
systems, CA). Quantitative RT-PCR was carried out
using SYBR green master mix and specific primer sets
in triplicate. The 18S ribosomal RNA (18S rRNA) was
used as an internal control. Amplification reactions
were performed in a 25 μL reaction mix using an realtime polymerase chain reaction (RT-PCR) reagent kit
and the template RNA. Reactions were performed in a
96-well spectroflourometric thermal cycler under the
following conditions: 2 min at 50 ℃, 10 min at 95 ℃,
40 cycles of 15 s at 95 ℃ and 1 min at 60 ℃. Relative
transcript levels were calculated using ΔΔCt method as
specified by the manufacturer. Primers were used as
[37,38]
described previously (Table 1)
.

Western blot analysis

HCV JFH-1 genomic RNA was in vitro transcribed
and delivered into Huh7.5 cells by electroporation or
liposome mediated transfection. These cells were then
plated and passaged after 3 d. HCV infection in the
cells and the corresponding cell culture supernatants
was determined by quantitative real-time polymerase
chain reaction (Applied Biosystems). The HCV cell
culture supernatant was used to infect naive Huh7.5
cells at appropriate dilutions (moi of 1). Cells were
then incubated at 37 ℃ for about 5-6 h in 5% CO2 as
[36]
previously described . The infectious JFH-1 construct
was provided by Dr. Takaji Wakita to Dr. Gulam Waris
at RFUMS, United States.
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Cells at about 70% confluence in 60 mm petri dishes
were transfected with an HCV NS5A expressing
plasmid using lipofectamine 2000 (Invitrogen, CA).
The confluent cells were washed thrice with phosphate
buffered saline to remove cell debris followed by
treating with 100 nmol/L insulin for three hours before
harvesting the transfected cells.

Reverse transcription and quantitative real-time
polymerase chain reaction

MATERIALS AND METHODS
Antibodies and reagents

Transient-transfection assays

Mock, HCV infected and NS5A transfected cells
were harvested and cellular lysates were prepared
by incubating the cells with RIPA buffer (50 mmol/
L Tris Base pH 7.5, 150 mmol/L NaCl, 1% NP-40,
0.50% sodium deoxycholate, 0.10% SDS, 1 mmol/L
orthovanadate, 1 mmol/L sodium formate and 10
μL/mL of protease inhibitor cocktail) on ice for 30 min.
The lysates were subjected to SDS-PAGE followed by
transfer to the nitrocellulose membrane in a transfer
buffer (25 mmol/L Tris, 192 mmol/L glycine and 20%
methanol). The membranes were then incubated for 1
h in a blocking buffer (20 mmol/L Tris-HCl, 150 mmol/
L NaCl, 0.5% Tween-20, and 5% non-fat dry milk).
The membranes were then probed with respective
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307

IRS-1 (Ser )
(165 kDa)
473

Akt (Ser ) (65
kDa)
Actin (42 kDa)
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4

Figure 1 Hepatitis C virus infection modulates insulin signaling in
hepatitis C virus infected human hepatoma cells. Cellular lysates were
made from mock and hepatitis C virus (HCV) infected Huh7 and Huh7.5 cells.
An equal amount of cellular lysates were subjected to Western blot assay using
p-IRS-1 Ser307and p-Akt Ser473. HCV NS3 protein expression represents the
level of HCV infection. Cellular actin was used as an internal control to verify
protein loading in each lane. IRS: Insulin receptor substrate; NS: Nonstructural
protein.

primary antibody for 1 h at room temperature followed
by washing thrice with blocking buffer without milk
and then probed with respective secondary antibody
for 1 h at room temperature. After doing an additional
washing step, the membranes were visualized using
the Odyssey Infrared imaging system (Li-Cor Bio
sciences, Lincoln, NE). The expression of actin protein
was used to determine protein loading control in each
lane.

Statistical analysis

Data were analyzed using Graph Pad Prism version 5.0
and 2-tail error bars represent standard error of mean
± SE of the data from three individual trials. A P value
< 0.05 was regarded as statistically significant.

RESULTS
Modulation of insulin signaling pathway in HCV infected
hepatoma cells

To investigate the effect of HCV upon the insulin
signaling pathway, we infected human hepatoma cells
(Huh7 and Huh7.5) with HCV (JFH1) and confirmed the
HCV infection by Western blot analysis of HCV NS3 as
shown in Figure 1. Our results also showed that Huh7.5
cells were more susceptible to JFH-1 HCV infection than
Huh7 cells. To examine the effect of HCV infection on
the status of IRS-1 and Akt, the above cellular lysates
were subjected to Western blot analysis. The results
307
showed an increased phosphorylation of IRS-1 (Ser )
473
and Akt (Ser ) in HCV infected Huh7 and Huh7.5
cells compared to their respective controls (Figure 1).
Furthermore, the phosphorylation of IRS-1 and Akt was
more in HCV infected Huh7.5 cells compared to HCV
infected Huh7 cells (Figure 1, lane 4).

HCV infected Huh7.5 cells show resistance towards
insulin signaling

Since we observed a pronounced effect in Huh7.5
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cells compared to Huh7 cells, we selected Huh7.5
cells for further experiments. To examine the effect of
HCV infection on the insulin signaling pathway in HCV
infected Huh7.5 cells, uninfected and HCV infected
Huh7.5 cells were incubated with insulin. The results
307
showed increased phosphorylation of IRS-1 (Ser )
in HCV infected cells which was reduced in HCV
infected cells treated with insulin (Figure 2, lane 4).
473
Furthermore, the phosphorylation of Akt (Ser ) was
slightly enhanced in HCV infected cells treated with
insulin. Collectively, these results suggest that HCV
impairs insulin signaling via phosphorylation of IRS-1
307
(Ser ).

HCV-NS5A alters phosphorylation level of IRS-1 (Ser307)

To investigate the role of HCV NS5A in the induction of
insulin resistance, Huh7.5 cells were transfected with
an HCV NS5A expression plasmid and the status of
various cellular proteins involved in insulin signaling was
examined. We observed an increased phosphorylation
307
of IRS-1 (Ser ) in NS5A transfected cells but not in
cells treated with insulin (Figure 3). In addition, NS5A
transfected cells showed an increased phosphorylation
473
of Akt Ser , compared to untransfected cells (Figure 3).
In contrast, we observed a decreased phosphorylation
308
of AktThr in HCV NS5A transfected cells and it was
not further affected upon insulin treatment (Figure 3).
These results indicate the potential role of HCV NS5A
in the modulation of the insulin signaling pathway by
the increased serine phosphorylation of IRS-1 and
308
decreased phosphorylation of Akt Thr .

HCV-NS5A decreases the phosphorylation levels of
Fox01 (Ser256) and GSK-3β (Ser9)

Fox01 is an important downstream target of the insulin
signaling pathway. The two important residues of
256
319
Fox01, i.e., Ser and Ser , are known to be involved
in nuclear exclusion of Fox01 and the regulation of the
[33]
normal insulin mediated signaling . We observed
that HCV NS5A expressing cells showed a decreased
256
phosphorylation of Fox01Ser , and insulin treatment
did not change the phosphorylation of Fox01, indicating
that Fox01 may be involved in the modulation of
subsequent downstream targets. In previous studies,
insulin resistance has been linked with GSK3β sig
[17]
256
naling . Similar to the Fox01Ser , our results also
9
showed a decreased phosphorylation of GSK3βSer in
NS5A expressing cells, indicating that the active form
of GSK3β favors gluconeogenesis in NS5A expressing
cells (Figure 4).

HCV infection promotes hepatic gluconeogenesis

Downstream to the GSK3β are several gluconeogenic
genes and transcription factors that are involved
in gluconeogenesis. The rate limiting step of gluco
neogenesis is controlled by PEPCK gene. Therefore,
we first examined the transcriptional level of PEPCK
in HCV infected cells. The results showed sign
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Figure 2 Status of p-Ser insulin receptor substrate-1 and p-Ser Akt
phosphorylation in hepatitis C virus infected hepatoma cells upon insulin
treatment. Total cellular lysates were prepared from hepatitis C virus (HCV)
infected and mock infected Huh7.5 cells that were treated or untreated with
insulin (100 nmol/L). An equal amount of cellular lysates were subjected to
Western blot assay using anti-p-IRS-1 Ser307 and anti-p-Akt Ser473. Cellular
actin was used as a protein loading control in each lane. IRS: Insulin receptor
substrate.
Huh7.5
-

HCV NS5A
+

-

+

Insulin (100 nmol/L)
307

IRS-1 (pSer )
473

Akt (pSer ) (65 kDa)
Actin (42 kDa)

2
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4

Figure 4 Effect of hepatitis C virus nonstructural protein 5A on the
phosphorylation levels of Fox01 Ser256 and GSK-3β Ser9. Using the cellular
lysates from nonstructural protein 5A (NS5A) transfected cell line and the
controlled treated hepatoma cell line, Western blot assay was performed using
anti-p-GSK3 Ser (α21/β9) and anti-p-Fox01 Ser256. HCV: Hepatitis C virus.

Huh7.5 cells with NS5A and observed that there
was significantly increased expression of PEPCK.
The ultimate downstream step of gluconeogenesis,
i.e., conversion of glucose-6-phosphate to glucose,
is governed by G6P. Similarly, the results indicated
significantly increased transcriptional expression of
G6P in HCV-NS5A transfected cells (as shown in Figure
5B). These results suggest that the gluconeogenic
pathway is increased in NS5A expressing cells.

Model of HCV NS5A induced insulin resistance

The model of HCV-NS5A induced insulin resistance is
shown in Figure 6.

308

Akt (Thr ) (65 kDa)
Actin (42 kDa)
1

2

3

DISCUSSION

4

Figure 3 Hepatitis C virus nonstructural protein 5A modulates
phosphorylation levels of key insulin signaling molecules. Untransfected
and nonstructural protein 5A (NS5A) transfected cells were incubated with
insulin (100 nmol/L) for 3 h. An equal amount of cellular lysates were subjected
to Western blot assay using anti-p-Akt Ser473, anti-p-Akt Thr308 and anti-p-IRS-1
Ser307. Cellular actin was used as an internal control to verify protein loading in
each lane. IRS: Insulin receptor substrate.

ificantly increased expression of PEPCK, indicating
that HCV infected cells have potentially enhanced
gluconeogenesis (Figure 5A). In addition, CREB is
another important transcription factor that regulates
the transcriptional activity of PEPCK. Our results
showed significantly increased expression of CREB
in the HCV infected cells (Figure 5A). Furthermore,
TNF-α has also been linked to various HCV induced
metabolic disorders. This prompted us to examine the
transcriptional level of TNF-α in HCV infected cells. The
results showed a significantly increased expression
of TNF-α (Figure 5A), indicating the fact that this
proinflammatory cytokine might have an important
role in the insulin resistance mechanism.

NS5A promotes gluconeogenesis through
transcriptional upregulation of PEPCK and G6P

In order to investigate the role of HCV-NS5A in the
upregulation of gluconeogenesis, we transfected
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Insulin resistance is a multifaceted disorder that
involves modulation of various genes at transcriptional
and translational levels. Hepatic gluconeogenesis is the
core phenomenon that provokes insulin resistance. Our
data suggest that HCV infection or ectopic expression
of HCV NS5A increases hepatic gluconeogenesis as
well as modulates phosphorylation status of various
cellular proteins required for the induction of insulin
resistance. Normal insulin signaling involves the
binding of the insulin to insulin receptor and promotes
tyrosine phosphorylation of IRS. Downstream to
the IRS-1 are the Akt, Fox01 and GSK3β that get
differentially phosphorylated, metabolize glucose and
[5,17,18]
favor homeostasis
. Our results suggest that
HCV infection in the hepatoma cell lines favors serine
307
phosphorylation of IRS-1 (Ser ) that is required
for the insulin resistance. Furthermore, we observed
473
an increased phosphorylation of Akt Ser
and a
308
decreased phosphorylation of Akt Thr in HCV NS5A
transfected cells. These results are consistent with the
308
473
previous studies where Akt Thr but not Akt Ser
phosphorylation plays an important role in insulin
[33,35,39]
resistance process
.
Fox01 is an important insulin signaling molecule
downstream of Akt and has been implicated in the
modulation of transcriptional regulation of various
genes (including PEPCK, G6P, etc.) involved in gluco
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NS5a expressing hepatoma cells
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Figure 5 Hepatitis C virus nonstructural protein 5A favors gluconeogenic gene expression. Total cellular RNA was extracted from hepatitis C virus (HCV, A)
nonstructural protein 5A (NS5A, B) transfected cells and control cells. The quantitative real-time polymerase chain reaction was performed for the targeted genes
as described in Materials and Methods. 18S rRNA was used as a housekeeping gene. Data represent mean of three independent experiments. aP < 0.05 vs control
group. Data were analyzed with Graph Pad Prism, and 2-tail error bars represent SE of the data. TNF-α: Tumor necrosis factor-alpha; PEPCK: Phosphoenol pyruvate
carboxykinase; G6P: Glucose-6-phosphatase; CREB: CRE-binding protein.
Insulin

Insulin
receptor

HCV-NS5A

IRS-1 Ser 307
Phosh.

Akt Thr 308
Phosph.
Fox01 Ser 256

GSK3β

Upregulation of
gluconeogenesis
and lipogenesis

Figure 6 Schematic representation of hepatitis C virus nonstructural protein 5A induced insulin resistance. Based on our findings, a model has been
proposed that depicts various check points in the insulin signaling pathway that gets modulated by nonstructural protein 5A (NS5A) protein. The up and down arrows
represent upregulation and downregulation of proteins involved in insulin signaling cascades. The blunt headed line represents the check point that gets blocked by
NS5A as this protein favors serine phosphorylation of insulin receptor substrate-1 (IRS-1) while under normal conditions tyrosine phosphorylation is known to take
place. HCV: Hepatitis C virus.
[40]

256

neogenesis . Fox01 Ser
is an important phos
phorylation site that modulates its DNA binding
ability, inhibits Fox01 nuclear translocation to the
cytoplasm and modulates the metabolic gene ex
[33]
pression . Furthermore, GSK3β is another impor
tant downstream insulin signaling molecule that gets
hypophosphorylated and becomes activated which, in
turns, selectively upregulates the gluconeogenic gene
expression, and inhibitors of GSK3β can selectively
downregulate the transcriptional expression of these
[22,41]
gluconeogenic genes
. Previous studies have
shown that decreased phosphorylation of GSK3β
[18,39]
leads to its activation and favors gluconeogenesis
.
To further discern the effect of HCV-NS5A on down
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stream targets of the insulin signaling pathway, phos
256
phorylation status of Fox01 Ser
was examined in
this study. Our results suggested that there was a
256
decreased phosphorylation level of Fox01 Ser
in
the HCV NS5A transfected cells compared to control
cells. Furthermore, the same pattern of decreased
phosphorylation of GSK3β was observed in the trans
fected cell line.
Taken together, our data reveal that HCV NS5A
is potentially able to modulate the normal insulin
signaling pathway at various cellular points and favors
the gluconeogenic pathway.
PEPCK is the rate limiting step of gluconeogenesis
as it dictates the fate of gluconeogenesis by converting
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oxaloacetate to phosphoenol pyruvate and is greatly
linked with the phenomenon of insulin resistance.
CREB is the main transcription factor that governs
the transcriptional level of PEPCK and favors gluco
neogenesis. In addition, some recent data have linked
obesity and insulin resistance with the upregulation of
[42-45]
TNF-α
. Our data elucidate that HCV NS5A has a
strong role in the enhancement of gluconeogenesis by
the way of increased expression of key gluconeogenic
genes, i.e., PEPCK and G6P, with the concomitant
increased expression of related transcription factors
and inflammatory cytokine CREB and TNF-α, res
pectively.
In this study, we have demonstrated that HCV
NS5A favors serine phosphorylation of IRS-1, which
is critically involved in the modulation of downstream
insulin signaling pathway (Figure 6). Furthermore,
downstream targets of the insulin signaling pathway
308
(Akt Thr , Fox01 and GSK3β) undergo a decreased
level of serine phosphorylation that is involved
in the inhibition of glycogen synthesis and favors
gluconeogenesis, thereby imparting its role in the
induction of hepatic insulin resistance. Hence, we
characterized a mechanism through which HCV NS5A
can modulate various cellular check points and leads
toward hepatic insulin resistance.

Innovations and breakthroughs

The underlying molecular mechanisms of insulin resistance in response to HCV
infection are poorly understood. Previous studies have demonstrated the effect
of HCV core and envelop proteins in insulin signaling in human hepatocytes.
However, the role of HCV NS5A in insulin resistance is not known. Their
data clearly indicate the role of NS5A in insulin resistance through increased
phosphorylation of IRS-1Ser307 and decreased phosphorylation of AktThr308,
Fox01Ser256, and GSK3βSer9.

Applications

This study suggests that HCV NS5A has multiple cellular targets that should be
prevented in order to reduce disease pathogenesis. Furthermore, it highlights
the fact that HCV NS5A specific inhibitors should be synthesized that can
reduce the chance of disease progression and morbidity rate.

Terminology

Insulin resistance: A complicated metabolic disorder that refers to the prediabetic phase with the modulation of insulin signaling at various cellular
checkpoints like insulin receptors, IRS and impairment of homeostasis;
Gluconeogenesis: Synthesis of glucose from non-glucose moieties; Fibrosis:
A pathological condition in which excessive fats are deposited over liver;
Cirrhosis: A pathological condition in which liver shrinks.

Peer-review

This paper describes the influence of HCV NS5A on serine phosphorylation of
insulin receptor substrate-1, Fox01 and GSK-3β, and the mRNA levels of key
gluconeogenic enzyme genes. The paper reports a potentially interesting and
an important study.
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Background
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Abstract
AIM: To investigate the protective effect of magnesium
isoglycyrrhizinate (MgIG) on excessive hepatectomy
animal model and its possible mechanism.
METHODS: We used the standard 90% hepatectomy
model in Sprague-Dawley rats developed using the
modified Emond’s method, in which the left, middle,
right upper, and right lower lobes of the liver were
removed. Rats with 90% liver resection were divided into
three groups, and were injected intraperitoneally with 3
mL saline (control group), 30 mg/kg (low-dose group)
and 60 mg/kg (high-dose group) of MgIG, respectively.
Animals were sacrificed at various time points and blood
was drawn from the vena cava. Biochemical tests were
performed with an automatic biochemical analyzer for
the following items: serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), glutamyl
endopeptidase, total bilirubin (TBil), direct bilirubin
(DBil), total protein, albumin, blood glucose (Glu),
hyper-sensitivity C-reactive protein, prothrombin time
(PT), and thrombin time (TT). Postoperative survival
time was observed hourly until death. Hepatocyte
regeneration was analyzed by immunohistochemistry.
Serum inflammatory cytokines (IL-1, IL-6, IL-10, and
iNOS) was analyzed by ELISA. STAT3 protein and mRNA
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were analyzed by Western blot and quantitative reversetranscription PCR, respectively.
RESULTS: The high-dose group demonstrated a
significantly prolonged survival time, compared with
both the control and the low-dose groups (22.0 ±
4.7 h vs 8.9 ± 2.0 vs 10.3 ± 3.3 h, P = 0.018). There
were significant differences among the groups in ALT,
Glu and PT levels starting from 6 h after surgery.
The ALT levels were significantly lower in the MgIG
treated groups than in the control group. Both Glu
and PT levels were significantly higher in the MgIG
treated groups than in the control group. At 12 h,
ALT, AST, TBil, DBil and TT levels showed significant
differences between the MgIG treated groups and the
control group. No significant differences in hepatocyte
regeneration were found. Compared to the control
group, the high-dose group showed a significantly
increase in serum inflammatory cytokines IL-1 and
IL-10, and a decrease in IL-6. Both STAT3 protein
and mRNA levels were significantly lower in the MgIG
treated groups than in the control group at 6 h, 12 h,
and 18 h after surgery.
CONCLUSION: High-dose MgIG can extend survival
time in rats after excessive hepatectomy. This hepato
protective effect is mediated by inhibiting the inflam
matory response through inhibition of the STAT3 path
way.
Key words: Magnesium isoglycyrrhizinate; Excessive
liver resection; Inflammation; Liver regeneration;
STAT3
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Magnesium isoglycyrrhizinate (MgIG), a
hepatocyte protective agent, has been shown to have
the effects of anti-inflammation, liver cell membrane
protection, and liver function improvement. We designed
this study, by using the standard 90% hepatectomy
model in rats, to clarify the liver protecting function
of MgIG and its mechanism. We have researched pos
toperative survival time, hepatocyte regeneration,
liver function, serum inflammatory cytokines, STAT3
protein and mRNA expression. The protective effect of
MgIG in standard 90% hepatectomy is limited, which
can prolong the survival time. This hepatoprotective
effect was not mediated by increasing hepatocyte
regeneration but rather by inhibiting the inflammatory
response through inhibition of the STAT3 pathway.
Tang GH, Yang HY, Zhang JC, Ren JJ, Sang XT, Lu X,
Zhong SX, Mao YL. Magnesium isoglycyrrhizinate inhibits
inflammatory response through STAT3 pathway to protect
remnant liver function. World J Gastroenterol 2015; 21(43):
12370-12380 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Excessive liver resection is the only hope of cure for
extra-large occupying liver lesions. Most patients
with liver occupying lesions often have other liver
abnormalities such as cirrhosis. High surgical risk could
lead to fulminant hepatic failure that has a mortality
[1,2]
rate up to 70%-90% . Protection of the remnant
liver function in the first 48 h after surgery remains
[3]
a great challenge to the surgeons . The efficacy of
various existing measures, including the artificial liver
and other supporting methods, is limited. Our previous
study in rats found that liver regeneration reaches the
highest level at 72 h after resection. Animals will most
likely survive if the regeneration could compensate for
[4]
the first 48 h . Therefore, to identify appropriate and
effective measures to help the remnant liver to sustain
through this risky period is particularly important.
Magnesium isoglycyrrhizinate (MgIG), a hepatocyte
protective agent, has been shown to have the effects
of anti-inflammation, liver cell membrane protection,
and liver function improvement. Efficacy studies
showed that protective function of MgIG against acute
liver damage is induced by D-galactosamine. MgIG can
decrease the serum level of transaminases, prevent
liver cell degeneration, and reduce the incidence of
necrosis and inflammatory cell infiltration. MgIG is
especially effective in the treatment of chronic liver
injury induced by carbon tetrachloride in rats, by
reducing inflammation and fibrosis, lowering the nitromonoxide levels, and improving liver function.
Most of previous studies of MgIG have focused on
chronic hepatitis, alcoholic cirrhosis, and drug-induced
[5]
liver injury . A few studies mainly involved surgical
[6]
[7]
ischemia-reperfusion injury and liver regeneration .
No publication was found for the anti-inflammatory
effect of MgIG after liver resection. In this study, we
verified the liver protective effect of MgIG in an animal
model of hepatectomy and further investigated its
mechanism.

MATERIALS AND METHODS
Ethics statement

This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health.
The protocol was approved by the Institute of Animal
Care and Use Committee of Beijing Union Medical
College (Permit No.: 2013050125). All surgeries were
performed under sodium pentobarbital anesthesia, and
all efforts were made to minimize animal suffering.
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Experimental animals

Male Sprague-Dawley (SD) rats aged 8 wk (220-260 g)
were provided by the Experimental Animal Center of
Beijing Union Medical College Hospital.

Reagents

MgIG was provided by JCTT Pharmaceutical Ltd. (Jiangsu
Province, China), and 3% (w/v) MgIG in saline was
prepared.

was calculated by the Okano T formula: Regeneration
rate (R, %) = [C-(A-B)]/(A-B) × 100%, where A is
preoperative estimation of the rat liver weight, B is the
weight of resected liver tissue, and C is the weight of
[8]
the remnant caudate lobe .

Observation of liver damage and regeneration by HE
and BrdU staining

The rats were weighted, and anesthetized with an
intraperitoneal injection of pentobarbital sodium (60
mg/kg). After routine skin preparation and disinfection,
an upper abdominal incision was made. Sequential
isolation and resection were performed on the middle
lobe, exterior lobe, right lower lobe, and right upper
lobe. After confirming that there was no congestion on
the caudate lobe, the abdominal cavity was closed.

BrdU (Sigma, United States) (100 μg/g body weight)
was administered intraperitoneally to animals 2 h
prior to the removal of remnant caudate lobe. The
remaining caudate lobe was removed at 0, 6, 12 and
18 h after surgery, fixed and sectioned, and underwent
immunohistochemistry procedure or HE staining. BrdU
positive cells were counted under a microscope. At
least 3 rats from each group, 3 slides from each rat,
and 3 fields from each slide were counted, and the
results were presented as the number of positive cells
in every 500 total cells being counted.

Experimental design

Expression of proliferating cell nuclear antigen

Establishment of a rat model with 90% liver resection

SD rats were randomly divided into three groups:
control (C), low-dose (LD), and high-dose (HD) groups.
Hepatectomy was performed by resection of 90% liver
tissue, followed by intraperitoneal injection of 3 mL
saline (C group), 30 mg/kg (LD group), or 60 mg/kg
(HD group) MgIG on the same day of surgery, as well
as once daily afterwards.

Observation of survival time

Starting from the closing of the abdomen as 0 h,
animal survival time was measured hourly until death.
Meanwhile, the general condition of each animal was
recorded. We used proper humane endpoints when
the rats were in the moribund state or the signs of
severe organ system dysfunction non-responsive to
treatment appeared and euthanized rats prior to the
end of experiments.

Liver function evaluation

Animals were sacrificed at various time points and
blood was drawn from the vena cava. Biochemical
tests were performed with an automatic biochemical
analyzer (HITACHI, Japan) for the following items:
serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), glutamyl endopeptidase
(GGt), total bilirubin (TBil), direct bilirubin (DBil),
total protein (TP), albumin (Alb), blood glucose
(Glu), hyper-sensitivity C-reactive protein (hsCRP),
prothrombin time (PT), and thrombin time (TT).

Measurement of liver regeneration

The average proportion of liver weight against the
body weight was established from 5 rats of same age.
It was found that the liver weight was 3.96% ± 0.01%
of the body weight. The remnant caudate lobe was
removed from the animal model at various time points
after surgery and weighed. Liver regeneration rate

WJG|www.wjgnet.com

Paraffin embedded sections of remnant liver tissue
were studied by immunohistochemistry for proliferating
cell nuclear antigen (PCNA) expression. PCNA antibody
was obtained from Abcam, United States. PCNApositive cells were counted under a light microscope.
At least 3 rats from each group, 3 slides from each rat,
and 3 fields from each slide were counted, and the
results were presented as the number of positive cells
in every 500 total cells being counted.

Western blot

Remnant liver tissue was also homogenized and
treated with RIPA lysis buffer (Dingguo, China);
the extracted proteins were resolved on 4%-12%
acrylamide gradient gels. After electrophoresis,
proteins were transferred to a PVDF membrane using
iBlot fast transfer electric transfer (Invitrogen, United
States). The membrane was blocked with 5% milk at
room temperature for 1 h, and incubated with primary
antibody against PCNA or STAT3 (1:1000, Abcam,
United States) 4 ℃ overnight, followed by TBST
washing three times, secondary antibody (1:8000,
Abcam United States) incubation at room temperature
for 2 h, TBST washing 3 times, and exposure to film
with ECL kit (Pierce, United States). Densitometry
analysis was performed with BandScan software.

ELISA assay for inflammatory factor detection in serum

Blood was drawn from the vena cava at 0, 6, 12 and
18 h after surgery, and serum was separated and
stored -80 ℃. ELISA assays to determine IL-1, IL-6,
IL-10, and iNOS expression levels were performed
according to manufacturer’s instructions (Cusabio,
Wuhan, China).

Quantitative real-time PCR

Total RNA was extracted from the remnant liver tissue
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to external stimuli was stronger, and some rats could
uptake small volume of water. One of the animals
survived longer than 24 h. In the high-dose MgIG
treatment group, 26.7% (4/15) of the rats died shortly
after surgery without waking up from anesthesia. The
remaining animals showed slow active movement,
uptake of water, and clean hair. Four rats survived
longer than 24 h but none exceeded 60 h.
Survival time of the three groups was plotted using
Kaplan-Meier survival curves, and the results are
shown in Figure 1. Survival time of the control group
was 8.9 ± 2.0 h with a median of 6.8 h, low-dose
group was 10.3 ± 3.3 h with a median of 5.8 h, and
high-dose group 22.0 ± 4.7 h with a median of 17.6
h. There were significant differences in survival time
among the three groups (P = 0.018).

Control group
1.0

Low dose group
High dose group

Cum survival

0.8

0.6

0.4

0.2

0.0
0.00

10.00

20.00

30.00

40.00

50.00

60.00

Post-operation time (h)

Figure 1 Kaplan-Meier survival curves of the three experimental animal
groups.

with Trizol. TAKARA retroviral reverse transcriptase
kit (TAKARA, Japan) was used to synthesize cDNA
with the reaction condition of 37 ℃ for 60 min and
95 ℃ for 3 min. Primers were designed as forward,
5’-CACAACCTGCGAAGAATCAAG-3’ and reverse,
5’-GCTGCTTCTCCGTCACTAC-3’ for STAT3 gene;
and forward, 5’-AACGGCTCCGGCATGTGCAA-3’ and
reverse, 5’-CTTCTGACCCATGCCCACCA-3 ‘ for β-actin.
Real-time PCR was performed with Applied
Biosystems 7500 real-time quantitative PCR instru
ment (Applied Biosystems 7500, United States) under
the following condition: 95 ℃ for 20 s, 60 ℃ for 30 s,
[8]
72 ℃ for 30 s for 40 cycles .

Statistical analysis

Statistical analyses were performed using SPSS13.0
software (Chicago, IL). Data are expressed as mean
± SD. The difference between groups was compared
using one-way ANOVA, and survival analysis was
performed using the Kaplan-Meier method. Two-tailed
P < 0.05 was considered statistically significant.

RESULTS
Comparison of postoperative survival

Seven out of fifteen (46.7%) rats in the control group
did not recover from the anesthesia and died. The
remaining rats in the control group exhibited poor
condition even though they became awake from
anesthesia. No active movement was observed;
the hair was dry, and the breathing was slow and
laborious. The response to external stimuli was weak,
and there was no uptake of water. No animal from
the control group survived more than 24 h after
surgery. Forty percent (6/15) of the rats in the lowdose MgIG treatment group died before waking up
from anesthesia. The remaining rats showed better
sign of life than the control group, in that the response
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Liver function assessment

Liver function of the animals at various time points
after hepatectomy was assessed by studying a variety
of serum biomarkers including ALT, AST, GGT, TBIL,
DBIL, TP, ALB, Glu, hsCRP, PT and TT.
As shown in Table 1, there were significant differ
ences among the groups in ALT, Glu and PT levels
starting from 6 h after surgery. The ALT levels were
significantly lower in the MgIG treated groups than
in the control group. Both Glu and PT levels were
significantly higher in the MgIG treated groups than
in the control group. At 12 h, ALT, AST, TBil, DBil and
TT levels showed significant differences between the
MgIG treated groups and the control group (P < 0.05
for TBIL and P < 0.01 for all the rest). We also tested
serum ALB and hsCRP at various time points after
hepatectomy and found no significant difference.

Liver regeneration

Figure 2 shows the liver regeneration status at various
time points after surgery. Proportion of weight of the
remnant liver was found to be higher immediately
after hepatectomy surgery compared with the normal
proportion of liver to the body weight in all the
three groups, and the weight of remnant liver tissue
increased over time. In the control group, a 2.71% ±
0.58% increase was found at 0 h, and 11.95% ± 1.14%
at the time of 18 h. However, there were no significant
differences among the three groups (Figure 2).
Liver cell degeneration and necrosis were ob
served after HE staining of the remnant liver sections
(magnification, × 100) in all animals. Fatty degene
ration was found in animals of both the low-dose and
high-dose MgIG treatment groups, but was more
prominontin the high-dose group. The representative
HE staining of liver sections of the animals in the highdose group at 0 h, 6 h, 12 h and 18 h is shown in
Figure 3. Hepatocytes had normal size and shape, and
no obvious damage was found in the nucleus at 0 h
(Figure 3A). At 6 h, cells showed little change in size
or shape. Cell number increased, and the arrangement
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Table 1 Serological test results of experimental animals after excessive liver resection
Time point (mean ± SD)
Group

0h

6h

12 h

18 h

P value1

Control
Low dose
High dose
P value2
Control
Low dose
High dose
P value
Control
Low dose
High dose
P value
Control
Low dose
High dose
P value
Control
Low dose
High dose
P value
Control
Low dose
High dose
P value
Control
Low dose
High dose
P value
Control
Low dose
High dose
P value
Control
Low dose
High dose
P value

165.8 ± 118.0
86.4 ± 23.4
145.6 ± 106.8
0.133
228.4 ± 110.4
192.6 ± 37.5
193.1 ± 99.5
0.556
1.11 ± 0.93
0.70 ± 0.48
0.72 ± 0.47
0.316
50.7 ± 4.9
48.3 ± 2.9
51.6 ± 3.3
0.101
1.95 ± 0.62
1.20 ± 0.30
1.67 ± 0.43
0.539
1.22 ± 0.37
0.65 ± 0.15
0.99 ± 0.26
0.353
7.41 ± 1.27
6.50 ± 1.21
7.12 ± 2.05
0.395
42.7 ± 6.1
48.9 ± 3.5
38.2 ± 6.1
0.127
8.9 ± 0.6
9.9 ± 0.6
9.1 ± 0.1
0.077

864.0 ± 471.7
357.2 ± 119.8
524.7 ± 182.5
0.002
929.3 ± 477.7
664.7 ± 171.5
694.6 ± 278.7
0.158
1.50 ± 0.85
0.88 ± 0.35
1.00 ± 0.71
0.154
47.3 ± 3.6
45.0 ± 2.9
45.5 ± 2.4
0.212
6.68 ± 1.32
4.35 ± 0.77
6.23 ± 2.22
0.532
4.27 ± 0.64
2.88 ± 0.47
4.62 ± 1.82
0.527
4.92 ± 2.54
6.30 ± 1.62
8.54 ± 3.69
0.016
42.0 ± 4.6
49.7 ± 6.6
46.2 ± 2.0
0.226
10.3 ± 0.3
10.9 ± 0.5
12.6 ± 0.7
0.003

1927.5 ± 1079.0
705.1 ± 341.5
1234.8 ± 784.2
0.003
1779.5 ± 495.9
1027.5 ± 396.9
1370.6 ± 502.7
0.001
2.14 ± 1.51
1.27 ± 1.27
2.36 ± 1.21
0.147
46.3 ± 4.8
44.9 ± 3.2
48.5 ± 3.6
0.094
16.59 ± 2.16
7.45 ± 4.66
14.31 ± 2.16
0.011
13.56 ± 1.83
5.25 ± 1.01
10.95 ± 1.59
0.004
6.83 ± 2.33
6.09 ± 1.84
5.25 ± 2.19
0.162
47.8 ± 10.1
49.5 ± 5.3
11.5 ± 1.1
0.001
11.7 ± 1.1
12.6 ± 1.9
11.5 ± 1.1
0.618

1969.6 ± 1201.6
1597.7 ± 998.6
1321.2 ± 797.4
0.3
1673.2 ± 668.8
1904.3 ± 794.7
1355.2 ± 671.5
0.192
1.55 ± 0.93
2.89 ± 2.42
2.00 ± 1.08
0.158
45.5 ± 3.6
44.6 ± 3.8
45.6 ± 5.8
0.849
20.13 ± 4.19
14.82 ± 2.06
12.81 ± 2.29
0.206
16.33 ± 3.46
11.15 ± 1.72
9.72 ± 1.80
0.14
4.21 ± 1.40
4.11 ± 2.13
5.21 ± 1.02
0.149
41.2 ± 10.0
48.4 ± 0.4
43.2 ± 1.1
0.36
12.4 ± 0.4
14.2 ± 1.6
14.8 ± 0.8
0.076

0.000
0.000
0.000

Item
ALT (U/L)

AST (U/L)

GGT (U/L)

TP (g/L)

TBil (U/L)

DBil (U/L)

Glu (mmol/L)

TT (s)

PT (s)

0.000
0.000
0.000
0.197
0.008
0.001
0.031
0.039
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.012
0.002
0.754
0.984
0.000
0.001
0.016
0.000

Comparison among time points of same group; 2Comparison among groups at same time point. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; PT: Prothrombin time; TT: Thrombin time; TBil: Total bilirubin; Glu: Glucose; DBil: Direct bilirubin.
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Figure 2 Regeneration rates at various time points in three groups.
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was slightly disordered (Figure 3B). At 12 h, a more
increase in cell number as well as more disordered
arrangements was observed. There was a small
number of cells with fatty degeneration, but no obvious
liver cell necrosis was visible (Figure 3C). More fatty
degeneration and necrosis were observed at 18 h. The
number of cells decreased, and the cell arrangement
became irregular (Figure 3D). No obvious generative
nodule was observed under a microscope. Obvious
fatty degeneration and necrosis were observed in all
three groups at 12 h and 18 h.
As a thymidine analogue, BrdU can substitute
thymidine to incorporate into the double-stranded
DNA during DNA synthesis. Therefore, cells that
have gone through S phase (DNA synthesis phase)
would become BrdU positive, an indication of cell
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A

B

C

D

Figure 3 Hematoxylin-eosin staining in the high-dose group at 0 h (A), 6 h (B), 12 h (C) and 18 h (D) (magnification × 100).
Control group

0.03

0.12

Control group
Low dose group

Hepatocyte PCNA positive rate (%)

Hepatocyte BrdU positive rate (%)

Low dose group
High dose group

0.025
0.02
0.015
0.01
0.005

High dose group

0.1
0.08
0.06
0.04
0.02
0

0
0

6

12

18

0

Post-operation time (h)

12

18

Post-operation time (h)

Figure 4 BrdU positive rates of the caudate lobe hepatocytes at various
time points in three groups.

proliferation. As shown in Figure 4, the number of
BrdU-positive cells among the three groups showed no
significant difference. No obvious change was noted in
BrdU-positive cells in the control group at 0 h, 6 h and
12 h, although there was a slight but not statistically
significant increase in BrdU-positive cells at 18 h.
Similar patterns were observed in both the high-dose
and low-dose MgIG treated groups.
PCNA is an auxiliary protein for DNA synthase
δ whose expression is cell cycle dependent. Its ex
pression starts at late G1 phase and reaches the
peak level at S phase. PCNA has been used as an

WJG|www.wjgnet.com

6

Figure 5 Proliferating cell nuclear antigen positive rates of the caudate lobe
hepatocytes at various time points in three groups. PCNA: Proliferating cell
nuclear antigen.

indicator for cell proliferation. In this study, we used
both immunohistochemistry to detect the percentage
of PCNA-positive cells in the remnant liver tissue, as
well as Western blot to assess the overall expression
levels of PCNA in the liver. Figure 5 shows that there
was no significant difference in the percentage of
PCNA-positive cells among the three groups. Over the
course of 18 h, the number of PCNA-positive cells in
all groups remained at a relative low level. As shown
in Figure 6, there were no significant differences in
the overall expression levels of PCNA among three

12375

November 21, 2015|Volume 21|Issue 43|

Tang GH et al . MgIG protects remnant liver function
Control group
Post-operation time (h)

0

6

Low dose group

12

18

0

6

12

High dose group
18

0

6

12

18

PCNA

β-actin

Figure 6 Expression of proliferating cell nuclear antigen in the caudate lobe detected by Western blot at various time points in three groups. PCNA:
Proliferating cell nuclear antigen.
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Figure 7 Expression of cytokines IL-1, IL-6, IL-10 and iNOS at various time points in three groups. aP < 0.05.

groups as indicated by Western blot analysis.

Inflammatory cytokines

Inflammatory cytokines IL-1, IL-6, IL-10 and iNOs in
serum were detected by ELISA. As shown in Figure 7,
IL-1 level at 6 h after surgery was significantly higher
in the serum of rats in the MgIG treated groups than
in the control group (P < 0.05; Figure 7A). IL-6 level
at 12 h was significantly lower in the low-dose group
than in the control group, and in the high-dose group

WJG|www.wjgnet.com

than in the low-dose group (P < 0.05; Figure 7B). The
level of IL-10 was found to be significantly higher in
the high-dose group at 18 h than in the other groups
(P < 0.05; Figure 7C). No significant difference was
found among the groups in iNOs expression at any
time (Figure 7D).

STAT3 mRNA and protein levels

STAT3 is an important transcription factor that can
be activated in response to a variety of cytokines and
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Figure 8 Expression of STAT3 in caudate lobe detected by Western blot at various time points in three groups.

Table 2 STAT3 mRNA levels at various time points after excessive liver resection in rats
STAT3 mRNA expression (mean ± SD)
Group
Control
Low dose
High dose
P value2

0h

n

6h

n

12 h

n

18 h

n

P value1

0.33 ± 0.11
0.41 ± 0.15
0.38 ± 0.24

3
3
3

0.43 ± 0.21
0.44 ± 0.19
0.11 ± 0.07

3
3
3

0.57 ± 0.24
0.78 ± 0.34
0.30 ± 0.14

3
3
3

1.07 ± 0.47
0.89 ± 0.45
0.87 ± 0.36

3
3
3

0.021
0.043
0.025

0.401

0.012

0.044

0.849

1

Comparison among time points of same group; 2Comparison among groups at same time point.

growth factors. Our finding of the elevated serum
levels of IL-1 and IL-10 as well as reduced level of IL-6
in the rats of the high-dose group suggests that MgIG
may modulate the inflammation response. To further
clarify the mechanism, we studied the STAT3 protein
expression in the remnant liver tissue by Western
blot. At least 6 rats from each group were studied,
and Figure 8 shows one representative Western blot.
Densitometry analysis was performed to calculate
relative protein expression levels based on the level of
β-actin. There was no significant difference in STAT3
levels among all three groups at 0 h. The expression
level of STAT3 in the high-dose group at 6 h was found
to be significantly lower than those of the control group
and low-dose group (P < 0.05). At 12 h, the highdose group still exhibited lower STAT3 level compared
with the control and low-dose groups, but there was
no statistically significant difference. At 18h, STAT3
expression in the low-dose and high-dose groups was
lower than that in the control group. The expression of
STAT3 in the control group was found to be increasing
gradually over the course of 18 h after hepatectomy,
and significant differences existed between each time
points (P < 0.01). No statistically significant differences
in STAT3 levels, however, were found among different
time points in the low-dose group. In the high-dose
group, STAT3 protein was inhibited initially, followed
by a gradual increase, and at 18 h reached 4.5 times
of the level at 0 h. This may explain the suppression of
inflammatory reaction in the high-dose group.
Quantitative real-time PCR was used to detect the
relative levels of STAT3 mRNA, and results are shown
in Table 2. At 0 h, no significant differences in STAT3
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mRNA levels were seen among three groups. At both
6 h and 12 h, the levels of STAT3 mRNA in the highdose group were significantly lower than those in
the control and low-dose groups (P < 0.05). At 18
h, STAT3 mRNA levels in rat livers of the low-dose
and high-dose groups were lower than that of the
control group, but there was no statistically significant
difference.

DISCUSSION
Glycyrrhizin is commonly used clinically as a liver
protective medicine. MgIG is the fourth generation of
glycyrrhizin preparations. It has better affinity with
target cell receptors, and stronger anti-inflammatory
and anti-oxidation effects. It has been shown to
stabilize hepatocyte membrane and improve liver
[7,9]
function . MgIG has shown the effects of lowering
the liver toxicity of free fatty acid by preventing
[10,11]
mitochondrial damage
and protecting hepatocytes
[12,13]
from ischemia and reperfusion induced injury
.
Employing an improved version of Emond’s me
[14]
thod , we generated an animal model of 90%
[15]
hepatectomy with 100% mortality within 24 h , for
the purpose of evaluating appropriate treatments.
Our results showed significantly longer survival
time of rats in the treatment group than in the control
group. And the survival time seemed to be MgIG dosedependent. Also, general appearance in the treated
groups was also superior to that in the control group.
By examining liver functions, it was found that MgIG
demonstrated a liver protective effect, resulting in low
ALT, AST, TBil, and DBil levels in the treated groups.
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This study found that postoperative ALT, AST, TBil, and
TBil gradually increased to reach the peak at 18 h,
which may be due to direct physical injury and surgery
factors such as ischemia and reperfusion injury. At the
postoperative 0 h, the liver function and coagulation
parameters had no significant differences among the
three groups, implying that MgIG protects the liver
function, but cannot have an immediate impact. It was
found that the magnitude of increase in transaminases
in the treatment group was significantly lower than
that in the control group at postoperative time points
of 6 h and 12 h, with the high-dose group being more
obvious. These findings demonstrated a protective
effect of MgIG on the remnant liver after hepatectomy.
Comparing serum biochemical markers of normal rats
and early death rats, we found that a rapid liver cell
deterioration and significant raise of liver enzymes.
This reflects an excessive inflammatory response
and a severe necrosis of the residual liver cells after
90% hepatectomy, and confirms the correspondence
between early death and excessive inflammation in
rats.
Liver regeneration after hepatectomy is one of the
major mechanisms for compensating liver volume
[16-18]
loss, and maintaining sufficient liver function
.
In this study, however, we did not find obvious rege
neration, even though the weight of remnant liver
tissue did increase over time, which could be caused
by physical response towards surgery, such as edema
and congestion, and short time period of the study.
It thus implies that MgIG improves the survival time
of the rats with 90% hepatectomy mainly through
the decreased inflammatory response rather than
regeneration.
Excessive inflammatory reaction plays an im
portant role in remaining liver damage in the pos
[19-21]
toperative outcome
. Inhibition of inflammatory
reaction would be beneficial to the hepatocyte
[22-25]
regeneration
. MgIG may prolong the survival time
after hepatectomy by enhancing liver regeneration
and/or suppressing excessive inflammatory res
[21,26,27]
ponse
. We found that compared to the control
group, serum IL-10 levels were significantly increased
in the MgIG treated groups, while IL-6 levels were
significantly decreased. This indicates that MgIG
may modulate inflammatory response in rats after
hepatectomy, in which the inflammatory response
in the MgIG treated groups was inhibited. This may
explain the reason that the MgIG treated groups had a
prolonged survival time after hepatectomy.
The JAK/STAT3 pathway, which plays a critical role
in the inflammation response, can be activated by
[28-30]
various cytokines including IL-6
. We found that
the expression levels of STAT3 in remnant livers of the
animals treated with MgIG were decreased compared
to the ones treated with saline. This could be one
of the possible mechanisms for the inflammation
inhibition. Further study is required to assess STAT3
function, as well as the expression and function of
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other related proteins.
More fatty degeneration was found in the high-dose
MgIG treatment group with visible necrosis, indicating
that MgIG might affect the fatty acid metabolism in
severely injured liver. It is not known whether high
doses of MgIG could have any side effect, since this is
not observed in the low-dose MgIG treatment group.
The clinical significance of the fatty degeneration
remains unclear. The prolonged survival time that the
high-dose group demonstrated is a collective result
of the administration of the MgIG; however, since no
animals survived longer than 60 h in this study, it is
not clear whether there is any drawback of the use of
the drug in the long run.
There were certain limitations in this study. The
animal model was generated to an extreme of 90%
resection, which probably will never occur in human
beings. Therefore, it would be hard to relate our results
to clinical practice. Excessive hepatectomy might also
limit the effect of MgIG. In addition, the dose-effect
relationship is not clear, besides the high dose resulted
in longer survival time. This creates more questions
than answers such as: whether MgIG functions
through receptor binding on cell surface or directly
on cellular proteins; what is the mechanisms for the
decreased levels of ALT, AST, TBil, and DBil resulting
from MgIG treatment.
In conclusion, MgIG application in excessive hepa
tectomy animals resulted in prolonged survival time,
reduced transaminases, total bilirubin, as well as the
inflammation response. The STAT3 pathway was
inhibited in a way that the expression of STAT3 protein
was decreased. The prolonged survival time could be
potentially critical and lifesaving, because it creates a
valuable time window for other treatment applications.
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Background

Excessive liver resection is the only hope of cure for large occupying liver
lesions. Protection of the remnant liver function in first 48 h after surgery
remains a great challenge to the liver surgeons. The efficacy of various existing
measures, including the artificial liver and other supporting methods, is often
limited. Anti-inflammation in the remnant liver after hepatectomy may be of
benefit for the patients.

Research frontiers

A previous study in rats found that liver regeneration reached the highest
level at 72 h after resection. Animals will most likely survive if the regeneration
could compensate for the first 48 h. Therefore, to identify appropriate and
effective measures to help the remnant liver to sustain through this risky period
is particularly important. Magnesium isoglycyrrhizinate (MgIG), a hepatocyte
protective agent, has been shown to have the effects of anti-inflammation,
liver cell membrane protection, and liver function improvement. Most of the
previous studies of MgIG have focused on chronic hepatitis, alcoholic cirrhosis,
and drug-induced liver injury. A few studies mainly involved surgical ischemiareperfusion injury and liver regeneration. This study was designed to investigate
the protective effect of MgIG on excessive hepatectomy animal model and its
possible mechanism.

Innovations and breakthroughs

This is the first to report the anti-inflammatory effect of MgIG after liver
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resection. The protective effect of MgIG has been shown to prolong the survival
time following standard 90% hepatectomy. This hepatoprotective effect was
not via an increase in hepatocyte regeneration, rather through inhibition in the
inflammatory response through via STAT3 pathway.

10
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Applications

The protective effect of MgIG in standard 90% hepatectomy can prolong the
survival time. This study provides experimental evidence with potential benefits
for the further mechanism research or clinical studies.
12
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Liver regeneration rate was calculated by the Okano T formula: Regeneration
rate (R, %) = [C-(A-B)]/(A-B) × 100%, where A is preoperative estimation of the
rat liver weight, B is the weight of resected liver tissue, and C is the weight of
the remnant caudate lobe.
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Abstract
AIM: To study the role of autophagy and the rela
tionship between retinoic acid receptor α (RARα) and
autophagy in liver ischemia and reperfusion (IR) injury.

Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at wangxh@
njmu.edu.cn.

METHODS: All-trans retinoic acid (ATRA) was admi
nistered to mice for two weeks before operation.
Reverse transcription-polymerase chain reaction and
Western blot were used to detect the expression levels
of related factors. To demonstrate the role of RARα,
LE540, a RARα inhibitor, was used to treat hepatocytes
injured by H2O2 in vitro .

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external

RESULTS: ATRA pretreatment noticeably diminished
levels of serum alanine aminotransferase and as
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partate aminotransferase as well as the degree of
histopathological changes. Apoptosis was also inhibited,
whereas autophagy was promoted. In vitro , RARα
was inhibited by LE540, which resulted in decreased
autophagy and increased apoptosis. Similarly, the
expression of Foxo3a and p-Akt was downregulated,
but Foxo1 expression was upregulated.
CONCLUSION: This research provides evidence that
ATRA can protect the liver from IR injury by promoting
autophagy, which is dependent on Foxo3/p-Akt/Foxo1
signaling.
Key words: Ischemia/reperfusion; Retinoic acid rece
ptor α; Foxo3a; Foxo1; Autophagy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To investigate the role of autophagy and the
relationship between all-trans retinoic acid (ATRA) and
autophagy in liver ischemia and reperfusion (IR) injury.
We found that ATRA pretreatment alleviated liver
IR injury by inducing autophagy and it may involves
retinoic acid receptor α (RARα) activity. To clarify the
mechanism of RARα, we used LE540 to inhibit RARα
during reactive oxygen species-inducing cell damage
in vitro . Our data showed that RARα activation
enhanced Foxo3a and p-Akt expression except Foxo1.
The Foxo3a/p-Akt/Foxo1 pathway has previously been
proven to promote autophagy. Hence, we conclude
that ATRA activates RARα to reduce liver IR injury
by regulating the Foxo3a/p-Akt/Foxo1 pathway to
promote autophagy.
Zhong C, Pu LY, Fang MM, Gu Z, Rao JH, Wang XH. retinoic
acid receptor α promotes autophagy to alleviate liver ischemia
and reperfusion injury. World J Gastroenterol 2015; 21(43):
12381-12391 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12381.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12381

INTRODUCTION
Ischemia and reperfusion (IR) lead to damage in
[1]
aerobically metabolizing tissues or organs . It is an
important injury mechanism in many clinical settings,
[2,3]
e.g., liver surgical resection and liver transplantation .
Hepatocyte death due to IR insults results in the
release reactive oxygen species (ROS) that initiate a
sterile immune response. This activates Kupffer cells
[4]
first and then recruits neutrophils to infiltrate ; hence,
liver IR injury has a biphasic pattern: the acute phase,
which involves activation of Kupffer cells after 4-6 h
of reperfusion, and the subacute phase, which results
[5-7]
from neutrophil infiltration at 18-24 h .
Autophagy, including macroautophagy, micro
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autophagy and chaperone-mediated autophagy, is
a process that degrades macromolecules and orga
[8]
nelles via lysosomes . It is very important for cell
differentiation, survival during nutrient depletion and
[9]
maintenance of homeostasis . When hepatocytes
suffer from nutrient starvation and anoxia during IR
[8,10]
insults, autophagy can ameliorate liver damage
.
All-trans retinoic acid (ATRA) has been shown
to protect the liver from IR injury. The protective
mechanism of ATRA relies on inhibiting ROS generation
[11,12]
and the nuclear factor-kappa B (NF-κB) pathway
.
In addition, ATRA has been shown to mediate
[13]
autophagy in acute promyelocytic leukemia cells .
Similarly, ATRA promotes autophagy by redistributing
the cation-independent mannose-6-phosphate/IGF
[14]
Ⅱ receptor . ATRA increases the transcription of
Forkhead box O (Foxo) 3a, which is a strong inducer
[15,16]
of Foxo1
. The Foxo3a/p-Akt/Foxo1 signaling
[17]
pathway also augments autophagy . To date, there
has been little research into how ATRA alleviates liver
IR injury through autophagy. This report is the first to
demonstrate the effects of the retinoic acid receptor
α (RARα)/Foxo3a/p-Akt/Foxo1 pathway on liver IR
injury.

MATERIALS AND METHODS
Animals

Male wild-type C57BL/6 mice (8-12-wk-old) were
obtained from Vital River Experimental Animal Co.,
P.R. China. Mice were housed in special pathogenfree conditions with a 12-h light-dark cycle and free
access to standard laboratory diet and water, and
they received humane care in accordance with the
guidelines of the Chinese Association of Laboratory
Animal Care. The standards for animal use and care
were approved by the Institutional Animal Care Com
mittee of Nanjing Medical University (Protocol Number:
NJMU08-092).

Operative procedure

Before the experiment, the mice received ATRA
(Sigma-Aldrich, Shanghai, China) by gavage at 15 mg/
kg per day for two weeks. We induced 70% hepatic
ischemia by occluding the hepatic artery, portal vein
and bile duct to the cephalad hepatic lobes for 90 min.
During the ischemic process, mice were anesthetized
using isoflurane, and the environmental temperature
was maintained at 25 ℃. After liver reperfusion for 6 h
or 20 h, the mice were sacrificed, and then blood and
liver tissue samples were harvested for analysis.

Hepatocellular function assay

Serum alanine aminotransferase (sALT) and serum
aspartate aminotransferase (sAST) levels were mea
sured to assess hepatocyte injury using an auto
mated chemical analyzer (Olympus Automated Che
mistry Analyzer AU5400, Tokyo, Japan).
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Histopathological study

Liver samples were fixed with 10% neutral for
maldehyde and embedded in paraffin. Paraffin sections
at 5 μm were stained with hematoxylin and eosin
and then blindly analyzed and scored from 0 to 4, as
[18]
described by Suzuki et al .

Western blot analysis

Proteins were extracted from liver samples and cell
lysates, and the concentration was detected using
a BCA Protein Assay Kit (Thermo Fisher Scientific,
Shanghai, China). The nuclear proteins were extracted
to detect the level of Foxo1. The proteins were
resolved by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transblotted onto polyvinylidene
fluoride membranes (Millipore, United States). These
membranes were blocked in non-fat dry milk (5% wt/
vol) with Tris-buffered saline containing 0.1% Tween
20 (TBS-T) at 4 ℃ overnight and then incubated
with primary antibodies against RARα (Santa Cruz
Biotechnology, Santa Cruz, CA, United States), Bcl-2,
Beclin-1, LC3B, β-actin (Cell Signaling Technology,
Danvers, MA, United States), cleaved caspase 3, p-Akt,
Foxo1, Foxo3a, and p62 (Abcam, Shanghai, China).
Following three washes with TBS-T, the membranes
were incubated with a peroxidase-conjugated secondary
antibody (Cell Signaling Technology, Danvers, MA,
United States) for 1 h at room temperature. Bands
were quantified by densitometry using the Quantity
One software for image analysis.

Quantitative real-time reverse transcriptase-polymerase
chain reaction

RNA was isolated using TRIzol reagent (Invitrogen,
Shanghai, China). cDNA was synthesized according to
TM
the manufacturer’s instructions using the PrimeScript
RT Reagent Kit with gDNA Eraser (Takara, Japan).
Polymerase chain reaction (PCR) was performed using
TM
SYBR Premix Ex Taq (Takara, Japan). The primer sets
were as follows: β-actin: forward, 5’-CTA CAA TGA GCT
GCG TGT GG-3’ and reverse, 5’-AAG GAA GGC TGG
AAG AGT GC-3’; IL-6: forward, 5’-GAC TTC CAT CCA
GTT GCC TTC T-3’ and reverse, 5’-TTT CTC ATT TCC
ACG ATT TCC CA-3’; IL-1β: forward, 5’-GTG TTT TCC
TCC TTG CCT CTG AT-3’ and reverse, 5’-GCT GCC TAA
TGT CCC CTT GAA T-3’; tumor necrosis factor (TNF)-α:
forward, 5’-CTC TGT GAA GGG AAT GGG TGT-3’ and
reverse, 5’-TCT TGT GTT TCT GAG TAG TTG TTG A-3’.

Cell culture and treatment

FL83B mouse hepatocytes were cultured in Ham’s
F-12K medium containing 10% fetal bovine serum,
100 U/ml penicillin, and 100 μg/ml streptomycin.
Before being co-cultured with 200 μmol/l H2O2 for 6
h, cells were preincubated with ATRA (10 μmol/l) or
LE540 (10 μmol/l, Wako Pure Chemical Industries
Ltd., Osaka, Japan) for 24 h.
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Annexin V and propidium iodide labeling

The cell samples were stained using an Annexin V
(AV)-fluorescein isothiocyanate Apoptosis Detection Kit
(Sigma-Aldrich, St Louis, United States) following the
manufacturer’s instructions. For confocal microscopy,
both probes were activated by a 488 nm diode laser,
and the fluorescence emission was detected at 510
and 560 nm for AV and propidium iodide (PI), res
pectively. The fluorescence intensity was obtained for
20000 events, and the data were analyzed using CellQuest™ (Becton-Dickinson, San Jose). The data are
presented as the percentage of cells in four different
population phenotypes-unstained, stained only with
AV, stained only with PI or stained with both markersrelative to the total number of cells analyzed.

Statistical analysis

Data are presented as mean ± SD from at least three
independent experiments. SPSS software (Chicago,
IL, United States) was used to calculate the statistical
significance by performing one-way analysis of
variance. All the P values were two-sided, and P < 0.05
was considered statistically significant.

RESULTS
ATRA pretreatment ameliorates liver injury after IR

We used an established model of hepatic damage in
mice, inducing 90 min of ischemia and then sacrificing
the mice at 6 h or 20 h after reperfusion. Before the
operation, ATRA was administered by gavage once
a day for two weeks. The levels of sALT and sAST,
the area of necrosis on liver histopathology and the
samples’ Suzuki scores were obviously decreased in
the ATRA group compared with the IR control group
(Figure 1).

ATRA pretreatment reduces apoptosis and inflammation
in liver IR injury

When IR injury occurs, hepatocellular apoptosis is
[19]
induced, and this condition results in liver injury .
According to liver function and histological score, liver
damage was more serious at 6 h after reperfusion. So,
we just chose the liver samples at 6 h after reperfusion
to analyze by Western blot. ATRA enhanced the
expression of the anti-apoptotic protein Bcl-2 while
inhibited the expression of the pro-apoptotic protein
cleaved caspase 3 in liver IR injury (Figure 2A). This
mechanism explains the downregulation of hepa
tocellular apoptosis. Besides, the role of IR injury in
inflammation was weakened, because the mRNA
levels of TNF-α, interleukin (IL)-1β and IL-6 in the
ATRA group were less than those in the IR group (Figure
2B).

Autophagy is promoted by ATRA

RARα was activated by ATRA. Similarly, the Foxo3a/
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Figure 1 all-trans retinoic acid pretreatment ameliorates liver ischemia and reperfusion injury. Hepatic ischemia was induced in mice for 90 min, and then
the mice were sacrificed at 6 h or 20 h after reperfusion. A, B: Hepatocellular function as assessed by sALT and sAST levels; C: Liver samples were stained with
hematoxylin and eosin (magnification × 200); D: Liver histological grade by the Suzuki criteria. Mean ± SD, n = 3-5/group, aP < 0.05 vs the sham group; bP < 0.05 vs
the IR 6 h group; cP < 0.05 vs the IR 20 h group. ATRA: All-trans retinoic acid; IR: Ischemia and reperfusion; sALT: Serum alanine aminotransferase; sAST: Serum
aspartate aminotransferase.

p-Akt/Foxo1 pathway was induced by RARα activation
(Figure 3A). Foxo3a/p-Akt/Foxo1 has been shown to
[17]
promote autophagy . The proteins Beclin1, LC3 Ⅱ
and p62 are involved in the process of autophagy. As
a substrate, p62 is degraded by autolysosome and
[20-22]
inversely correlates with the autophagic activity
.
ATRA pretreatment enhanced the levels of Beclin1
and LC3 Ⅱ but decreased the level of p62 (Figure 3B).
These results suggest that ATRA promotes autophagy
in liver IR injury.
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RARα inhibits ROS-induced apoptosis in vitro

To further analyze the effect of RARα, LE540 was used
to inhibit RARα activity. Following H2O2 stimulation,
ATRA, the RARα agonist, upregulated the expression
of Bcl-2, downregulated cleaved caspase 3 expression
and ultimately decreased the number of apoptotic
cells detected by Annexin V staining (Figure 4).
However, LE540, an antagonist of RARα, aggravated
the hepatocyte damage in comparison with the H2O2
group.
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Figure 2 All-trans retinoic acid pretreatment reduces apoptosis and inflammation in liver ischemia and reperfusion injury. A: Apoptosis-related proteins Bcl-2
and cleaved caspase 3 expression was detected by Western blot to demonstrate relative quantities in liver tissues; B: The levels of TNF-α, IL-1β and IL-6 mRNAs
were analyzed. Mean ± SD, n = 3-5/group, aP < 0.05 vs the sham group; bP < 0.05 vs the IR 6h group; cP < 0.05 vs the IR 20h group. TNF: tumor necrosis factor; IL:
interleukin; IR: Ischemia and reperfusion; ATRA: All-trans retinoic acid.

RARα mediates autophagy through the Foxo3a/p-Akt/
Foxo1 pathway

As mentioned above, RARα activates the Foxo3a/
p-Akt/Foxo1 pathway to mediate autophagy. Although
Foxo3a and Foxo1 are both members of the Foxo
family, they have opposing roles in autophagy.
To enhance the level of autophagy, Foxo3a needs
phosphorylated Akt to decrease Foxo1 accumulation
[17]
in the nucleus . In our H2O2-induced damage model,
RARα promoted the transcription of Foxo3a, which

WJG|www.wjgnet.com

resulted in an autophagy-related chain reaction
including increased Beclin1 and LC3 Ⅱ levels and
decreased p62 levels (Figure 5B). This finding was
confirmed in another manner by LE540. Because the
level of Foxo3a expression was consistent with RARα
activation, the levels of RARα, Foxo3a, p-Akt and
Foxo1 were reversed in the LE540 group (Figure 5A).
Ultimately, the degree of ROS-induced cell damage
was strengthened by LE540 induced inhibition of
autophagy.
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DISCUSSION
ATRA is the activated form of vitamin A, and its
biosynthesis process is controlled by cytosolic alcohol
dehydrogenases, retinol dehydrogenases and retinal
[23-25]
dehyde dehydrogenases
. ATRA can also attenuate
liver IR injury through suppressing NF-κB p65 ex
pression and phosphorylating p38 mitogen-activated
protein kinase and Akt to increase the expression of
[11,12]
manganese superoxide dismutase
. Moreover, it
can regulate the expression of many genes to mediate
[26-28]
its biological effects by binding with RAR
. In this
study, ATRA increased the transcription of Foxo3a,
which had a protective role in hepatic tissue after IR
injury; in turn, this effect could be blocked by the
RARα inhibitor LE540 in vivo.
Autophagy, which has an important role in cell
ular development, differentiation and survival, is
necessary to maintain homeostasis and provide
[8,29]
energy by degrading cytosolic components in vivo
.
During IR insults, autophagy can degrade abnormal
or dysfunctional mitochondria to decrease ROS
generation. In addition, the formation of autophagic
vesicles and autophagic flux is decreased in IR
[29]
injury . The process of autophagy is divided into three
sections including the formation of autophagosomes
[30-32]
and autolysosomes, and degration
. Beclin1
and LC3Ⅱ are involved in the initiation of autopha
[33-35]
gosomse
, but they cannot absolutely reflect the

WJG|www.wjgnet.com

function of autophagy. Because autophagy is a de
gration system. Despite the enhancement of Beclin1
and LC3Ⅱ in the IR group, it does not mean that
autophagy was increasing. In addition, p62, which is
the substrate of autophagy and used to evaluate the
[36-38]
degree of autophagy
, was increasing in the IR
group. Hence, the autophagy was inhibited and this
was associated with the exacerbation of apoptotic cells
and inflammation response in the IR group. We also
found the similar results in the H2O2 treatment group.
However, these findings were reversed by ATRA.
Thus, ATRA can reduce apoptosis and inflammation by
autophagy partially.
The Foxo family, which includes Foxo1, Foxo3a,
Foxo4 and Foxo6 in mammals, can control many
[39,40]
cellular processes
. Except for Foxo6, the Foxo
proteins are widely expressed in most tissues. Foxo1
and Foxo3a have been shown to be important for
[41]
normal and abnormal liver function . Foxo3a is a
strong inducer of the transcription factor Foxo1 because
[15]
it positively regulates the promoter of Foxo1 . Foxo1
plays a different role, depending on locating in the
cytoplasm or nucleus. This process is controlled by
Akt kinase, which phosphorylates Foxo1 at Thr24,
Ser256 and Ser319, and makes phosphorylated Foxo1
translocate from the nucleus to cytoplasm. Moreover,
[42-44]
cytoplasmic Foxo1 promotes autophagy
. We also
found that the increased level of Akt phosphorylation
diminished nuclear Foxo1 accumulation. Foxo3a is
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involved in mediating autophagy through the Akt/Foxo1
[17]
pathway . This finding is consistent with our results.
In addition, ATRA can influence the expression
[16,45,46]
of Foxo3a
. In the ATRA group, the expression
of Foxo3a was increased. This effect is related to
RARα activity, which was completely inhibited by
LE540 treatment. Additionally, ATRA can regulate
phosphoinositide 3-kinase (PI3K) activity and the
[47]
expression of PI3K catalytic subunit p110β . ATRA
can also redistribute the cation-independent mannose[14]
6-phosphate/IGFⅡ receptor to mediate autophagy .
Whether this effect is dependent on Foxo3a requires
further investigation.
In conclusion, our study is the first to demonstrate
that ATRA enhances autophagy to protect the liver
from IR injury. This effect depends on RARα activation
of the Foxo3a/p-Akt/Foxo1 pathway. This mechanism
provides a new strategy for treating liver IR injury.
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Abstract
AIM: To establish an ultrasonographic classification
based on a large sample of patients with confirmed
hepatic alveolar echinococcosis (AE).
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METHODS: Clinical data and ultrasonography (US)
findings of 185 patients (100 males; 85 females;
mean age at diagnosis: 51.4 ± 17.6 years; mean
age at time of US examination: 58.7 ± 18.2 years)
were retrospectively reviewed with respect to the US
morphology of hepatic AE lesions. The sonomorpho
logical findings were grouped according to a five-part
classification scheme.
RESULTS: Application of the new classification resulted
in the following distribution of sonomorphological
patterns among the patients examined: hailstorm
(54.1%); pseudocystic (13.5%); ossification (13.0%);
hemangioma-like (8.1%); and metastasis-like (6.5%).
Only 4.9% of lesions could not be assigned to a sono
morphological pattern.
CONCLUSION: The sonomorphological classification
proposed in the present study facilitates the diagnosis,
interpretation and comparison of hepatic alveolar
echinococcosis in routine practice and in the context of
scientific studies.
Key words: Hepatic echinococcosis; Echinococcus mul
tilocularis; Classification; Diagnosis; Ultrasonography;
Alveolar echinococcosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Alveolar echinococcosis (AE) is a rare but
potentially life-threatening parasitic disease. Despite
the importance of ultrasonography as an imaging
modality in the work-up of hepatic AE, there is no
established sonomorphological classification of hepatic
AE lesions analogous to the World Health Organization’s
ultrasonographic classification for cystic echinococcosis.
Objective of the present study was to establish an
ultrasonographic classification based on a large sample
of patients with confirmed hepatic AE. Assignment of
hepatic AE lesions to one of the five sonomorphological
patterns was successful in 95% of cases based on the
ultrasonographic classification scheme proposed in the
present study.
Kratzer W, Gruener B, Kaltenbach TEM, Ansari-Bitzenberger
S, Kern P, Fuchs M, Mason RA, Barth TFE, Haenle MM,
Hillenbrand A, Oeztuerk S, Graeter T. Proposal of an ultra
sonographic classification for hepatic alveolar echinococcosis:
Echinococcosis multilocularis Ulm classification-ultrasound.
World J Gastroenterol 2015; 21(43): 12392-12402 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i43/12392.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i43.12392

INTRODUCTION
Alveolar echinococcosis (AE) is a rare but potentially
life-threatening parasitic disease caused by infection
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with the larval stage of the cestode tapeworm,
[1-3]
Echinococcus alveolaris . Worldwide, the distribution
of the parasite is limited to the cool and temperate
[4]
regions of the Northern Hemisphere . A characteristic
feature of AE is its tumor-like growth in the liver, which
[1]
may infiltrate neighboring organs . In a large majority
of cases, the liver is the first organ to be infested by
the larvae: in seven out of ten cases, hepatic lesions
occur in the right hepatic lobe; in 40%, the liver hilus
is also involved; while, in only two of ten cases, both
[5]
hepatic lobes are affected .
In its initial phase, the infection is usually asym
ptomatic. First symptoms and signs may include upper
abdominal pain or cholestatic jaundice. The incubation
[6]
period ranges between five and fifteen years .
Complications, such as biliary obstruction, portal hyper
tension and bleeding esophageal varices, have been
reported in advanced disease and are ascribed to the
invasively growing mass of Echinococcus alveolaris
[7]
in the liver . Metastatic infiltration by Echinococcus
[8,9]
alveolaris has been described for many organs
and
is reflected in the PNM classification introduced by Kern
[10]
et al .
Radical resection of echinococcal foci is the sole
curative therapy for patients with AE. Curative therapy
is followed by administration of benzimidazoles for
two years; long-term administration of these agents is
[9]
indicated for non-resectable lesions . Left untreated,
the disease is associated with a fatal outcome in more
than 95% of cases within a period of ten years following
[11]
diagnosis . Only early diagnosis, based on diagnostic
imaging and serological markers, can increase the rate
[12,13]
of curative resections
. Early diagnostic imaging
[14]
therefore takes on decisive importance .
Beside US, computed tomography (CT) re
presents the imaging method of choice among cur
[15,16]
rently available diagnostic imaging modalities
.
18
F-fluorodeoxyglucose positron emission tomography
18
( F-FDG-PET) is a sensitive and specific tool that
18
18
uses F-fluorodesoxyglucose ( F-FDG) metabolism
to estimate the metabolic activity of hepatic AE
[17-19]
lesions
. The development of the US contrast
®
enhanced SonoVue (Bracco Medical Imaging Deuts
chland GmbH, Konstanz, Germany) has over the past
few years facilitated US assessment of the vitality
of AE lesions at follow-up monitoring. Assessment
of the vascularization of hepatic AE lesions with
contrast-enhanced ultrasound (CEUS) correlates with
18
their metabolic activity at combined F-FDG-PET[20,21]
CT
and can better delineate the spatial extent of
[22,23]
hepatic alveolar echinococcosis lesions
. Lesions
characterized by vesicles and small cysts show a high
18
degree of correlation between F-FDG-PET and CEUS
[24]
findings .
[25]
In 2003, Kodama et al
introduced a five-part
classification for assessing hepatic AE with magnetic
resonance imaging (MRI): Type 1: Multiple small round
cysts without a solid component; Type 2: Multiple
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small round cysts with a solid component; Type 3: A
solid component surrounding a large and/or irregular
pseudo-cyst with multiple small round cysts; Type 4:
A solid component without cysts; Type 5: A large cyst
without a solid component.
No corresponding classification has yet been
published for either CT or ultrasonography (US).
Current studies suggest that the occurrence of alveolar
echinococcosis is increasing worldwide and is spreading
to previously unaffected regions. Especially in the
Northern Hemisphere, there is a growing number of
AE lesions occurring as coincidental findings at routine
[14,26,27]
upper abdominal US
. Knowledge of the typical pre
sentations of hepatic AE at diagnostic imaging may aid
[28]
in making an early diagnosis . Despite the importance
of US as an image modality in the work-up of hepatic
AE, there is no sonomorphological classification of
hepatic AE lesions analogous to the World Health
Organization (WHO)’s ultrasonographic classification
for cystic echinococcosis, which has achieved world
wide acceptance for assessing the activity of that
[14,15,28]
disease
. Objective of the present study was to
establish an ultrasonographic classification based on
a large sample of patients with confirmed hepatic AE
as a way of facilitating the diagnosis, interpretation,
classification and comparison of ultrasonographic
findings of the rare disease entity.

Statistical analysis

MATERIALS AND METHODS
Study collective

Clinical data and US findings of 185 patients (n =
100 males; 85 females; mean age at diagnosis: 51.4
± 17.6 years; mean age at time of US examination:
58.7 ± 18.2 years) followed at the Echinococcosis
outpatient clinic of Ulm University Hospital (n =
385 patients) were reviewed with respect to the
ultrasonographic morphology of hepatic AE lesions.
Patients were originally examined between 1999
and 2014. A total of 200 patients were excluded
from this analysis due to limitations in image quality
impacting interpretation or incomplete data sets. The
US findings of all patients (n = 185) with confirmed
hepatic AE stored in the ViewPoint US documentation
system (GE Healthcare Technologies, ViewPoint
Bildverarbeitung GmbH, Weßling, Germany) were
re-interpreted by a single reviewer (WK) with broad
experience in the US of AE and grouped according
to a novel five-part sonomorphological classification
scheme (Figure 1, Figure 2, Figure 3, Figure 4 and
Figure 5).
The study design complies with the requirements
of the Helsinki Declaration and was approved by the
Ethics Commission of Ulm University.

Diagnosis and classification

The diagnosis of AE was made in cases with une
quivocal seropositivity, positive histological findings
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following diagnostic puncture or partial resection of
the liver, as well as findings typical for AE in either US,
[15]
CT, MRI or PET-CT . According to the modified WHO
[15]
criteria of Brunetti et al 79 cases were confirmed by
positive histopathology and proven specific enzyme
linked immunosorbent assay from tissue samples. An
additional 85 patients were considered probable cases
with positive serology in two different procedures and
positive imaging for AE in two imaging techniques,
while 21 patients were considered possible cases
with a positive medical history and a positive result
for imaging and serology in one test each. Based on
the reviewer’s many years’ experience together with
reports of sonomorphological findings in patients with
hepatic AE in the literature, individual US findings were
grouped into one of the following patterns: hailstorm,
pseudocystic, hemangioma-like, ossification, and
[14,16,17]
metastasis-like
(Figures 1-5). As an acronym,
we propose EMUC-US (Echinococcosis Multilocularis Ulm
Classification - Utrasound). In addition to patient-specific
parameters, the number, maximum diameter and
localization of the largest echinococcus-specific lesion
were documented and interpreted. US examinations
were performed exclusively using convex transducer
heads (1-6 MHz) with different US units (Philips HDI
3000, HDI 5000, IU 22, Toshiba Aplio 500, Siemens
S3000, Hitachi Ascendus).

Statistical analyses were performed using the SAS
statistical software package (version 9.2; SAS Institute
Inc., Cary, NC, United States). Data were analyzed
descriptively with regard to absolute and relative
frequencies, means and standard deviation. The AE
lesions were divided into five morphological patterns.
One-way analysis of variance was applied to analyze
differences between the patterns.

RESULTS
The most frequently encountered sonomorphological
pattern among the 185 patients was the hailstorm
pattern (54.1%, n = 100), followed, in 13.5% (n
= 25) by the pseudocystic appearance and in 13%
(n = 24) by the ossification appearance. Much less
frequently observed were the hemangioma-like
appearance (8.1%, n = 15) and the metastasislike appearance (6.5%, n = 12). In terms of their
mean diameters, the hailstorm lesions measured
59.6 ± 27.9 mm; the pseudocystic lesions, 120.0
± 47.3 mm; the hemangioma-like lesions, 68.1 ±
37.3 mm; the ossification lesions, 28.0 ± 19.4 mm;
and metastasis-like lesions, 35.3 ± 33.1 mm (Figure
6). The diameters of lesions exhibiting pseudocystic
sonomorphology were significantly larger than any
of the other four lesion types (P < 0.05). In terms of
their mean diameters, lesions of both the hailstorm
and hemangioma-like types differed significantly from
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Figure 1 Hailstorm: The typical hailstorm appearance is characterized by indistinct, irregular boundaries, non-homogeneous pattern and hyperechoic
formations, with or without dorsal acoustic shadow.

those of the ossification type (P < 0.05).
In nine cases (4.9%), the complexity of the
sonomorphological appearance or the simultaneous
occurrence of characteristics typical for more than one
sonomorphological pattern precluded assignment of
sonomorphological findings to any one of the defined
sonomorphological types in the new classification (Table
1).

WJG|www.wjgnet.com

Solitary echinococcus foci were by far the most
frequent, being observed in 62.7% of cases. Only 13
patients (7%) exhibited more than ten identifiable foci
(Table 1). Typical calcifications with dorsal acoustic
shadow were visualized ultrasonographically in nearly
three-fourths of cases (74.6%). A majority of lesions
(61.1%) were localized in the right hepatic lobe
compared with only 31.4% in the left hepatic lobe.
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Figure 2 Pseudocystic: Pseudocystic alveolar echinococcosis lesions are primarily characterized by an hyperechoic, irregular and non-homogeneous rim
that is non-vascularized at power Doppler and color-coded duplex ultrasonography. It may appear to be > 10 mm in thickness. There is a hypo- or anechoic,
often non-homogeneous central zone that may contain hyperechoic material. Pseudocystic lesions may be already present at first diagnosis and involve an entire
hepatic lobe, or may develop from primary hailstorm lesions following therapy with benzimidazoles.

Echinococcal lesions affecting both hepatic lobes were
identified in only 7.6%. Further characteristics and
findings are summarized in Table 1.

DISCUSSION
[14,15,29]

Alveolar echinococcosis is a rare disease

WJG|www.wjgnet.com

. AE

is characterized by destructive growth and exhibits
all the characteristics of a malignant disease with
infiltration of adjacent organs and formation of dis
[10,15]
tance metastases
. Hence, rapid and definitive
diagnosis is essential. Due to the rarity of the disease,
however, especially in non-endemic areas, AE presents
a significant diagnostic challenge in routine clinical
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Figure 3 Hemangioma-like: These lesions are difficult to distinguish from atypical (e.g., partially thrombosed) hemangiomas, and often represent a
significant diagnostic challenge. Sonomorphologically, the lesions present as a relatively clearly demarcated non-homogeneous tumor that appears hyperechoic
in comparison with the surrounding hepatic parenchyma. Echogenicity ranges from slightly and non-homogeneously hyperechoic to strongly and homogeneous
hyperechoic.
[30]

practice . US is the imaging method of choice in the
work-up of symptomatic patients and especially as a
[14,31]
screening tool
. The widespread use of imaging
modalities, such as US, CT and MRI, has led to an
increase in the detection of previously unsuspected
[32]
liver masses in asymptomatic patients . These
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hepatic incidentalomas in asymptomatic patients
are mostly benign and, in most cases, US (including
CEUS) will suffice to definitively distinguish them from
[32,33]
malignant lesions
. Certain hepatic incidentalomas,
such as regenerative nodules, angiomyolipomas of
the liver or hepatic AE, however, remain a diagnostic
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Figure 4 Ossification: The ossification pattern presents with solitary or grouped, mostly sharply delineated lesions with dorsal acoustic shadow. In terms
of their differential diagnosis, these alveolar echinococcosis (AE) lesions are often difficult to distinguish from inflammatory or hyperechoic metastases of various
carcinomas. Very large ossification-type AE lesions represent a rarity. Both uni- and multifocal involvement is possible.
[14,30,34]

challenge for all imaging modalities
. Not
infrequently, a final diagnosis is made only upon
histopathological examination of material obtained at
[35,36]
puncture or resection
.
In the present study population, over 80% of
cases corresponded sonomorphologically to the hail
storm, pseudocystic or ossification patterns. These
morphologically very characteristic appearances have

WJG|www.wjgnet.com

already been described by many authors, though not
[16,37]
in the context of an ultrasonographic classification
.
The so-called “hailstorm” and “pseudocystic” patterns
[37]
were described as early as 1984 by Didier et al . In
fact, in their small series of 24 patients, the distribution
of the hailstorm and pseudocystic pattern in 62.5% and
12%, respectively, was quite similar to that observed
in the present study with 54.1% and 13.5% for the
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Figure 5 Metastasis-like: Beside the hemangioma-like lesions, the metastasis-like lesions of alveolar echinococcosis represent the greatest diagnostic
challenge. Mostly hypoechoic, these lesions exhibit as a typical characteristic-compared to typical hepatic metastases (e.g., of colorectal cancer)-the absence of the
halo phenomenon. Instead, there is a central, hyperechoic, non-homogeneous scar.
[37]

hailstorm and pseudocystic patterns, respectively .
[16]
Bresson-Hadni et al
also describe patterns that
correspond to our hailstorm and pseudocystic patterns.
Taken together, these two forms comprise about 70%
of “typical” AE lesions among the lesions studied. The
French research group also reported an hemangiomalike pattern as well as a usually small, calcified form of
[16]
AE lesion (ossification pattern) . AE lesions exhibiting
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an ossification appearance may present a diagnostic
challenge. The differential diagnosis encompasses
other hyperechoic, calcified lesions occurring in a wide
range of benign, infectious or vascular disorders; with
hepatic metastases of colorectal or breast cancer; or
[38]
metastases of malignant melanomas . A metastasislike appearance for hepatic AE has not previously
been described. Unlike typical liver metastases, which
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Figure 6 Lesion size depending on the sonomorphological pattern.

Characteristics
Number of patients
Gender
Female
Male
Age at diagnosis
Age at ultrasonographic examination
Sonomorphological classification
Hailstorm
Pseudocystic
Ossification
Hemangioma-like
Metastasis-like
Unclassifiable
Number of lesions
1
2
3
4
5
6-10
> 10
Mean diameter of the largest lesion
Mean lesion diameter according to sonomorphological
classification
Hailstorm
Pseudocystic
Ossification
Hemangioma-like
Metastasis-like
Unclassifiable
Localization of the largest lesion (hepatic lobe)
Right
Left
Both
Calcification
No
Yes
Affected liver segments (multiple segments possible)

Ⅷ

Ⅱ
Ⅲ
Ⅳa
Ⅳb
Ⅴ
Ⅵ

WJG|www.wjgnet.com

Steatosis hepatis
No
Yes
Liver size in mid-clavicular line (mm)

mean ± SD
185
100 (54.1)
85 (45.9)
51.4 ± 17.6
58.7 ± 18.2
100 (54.1)
25 (13.5)
24 (13.0)
15 (8.1)
12 (6.5)
9 (4.9)
116
24
16
5
7
4
13
62.5 ± 40.4

59.6 ± 27.9
120.0 ± 47.3
28.0 ± 19.4
68.1 ± 37.3
35.3 ± 33.1
53.9 ± 30.6
113 (61.1)
58 (31.4)
14 (7.6)
47 (25.4)
138 (74.6)
6 (3.2)
19 (10.3)
22 (11.9)
30 (16.2)
28 (15.1)
44 (23.8)
41 (22.2)

Ⅰ

44 (23.8)
41 (22.2)

Ⅶ

Table 1 Patient characteristics n (%)

147 (79.5)
38 (20.5)
146.1 ± 25.2

exhibit an hypoechoic halo, lesions characterized by
a metastasis-like appearance may be visualized as a
hypoechoic growth without the halo sign or often with
[39]
a central, hyperechoic scar .
In cases with pseudocystic manifestation, espe
cially when the lesion is very large, the differential
diagnosis includes liver abscess, cystadenoma or cystic
[14]
echinococcosis . In our series, the pseudocystic
lesions were significantly larger than lesions of other
sonomorphological types (68.1 ± 37.3 mm, P < 0.05).
Since AE is a very rare disease conducting an
inter-rater reliability is difficult. The lack of interrater reliability remains a limitation of the proposed
classification. In the present series, very few hepatic
lesions (4.9%) could not be assigned to one of the
five sonomorphological patterns. In routine clinical
practice, only histopathological confirmation can
[36]
clarify these unclear hepatic findings . Depending
on the experience of the pathologist, even the his
topathological diagnosis of AE may be difficult.
Immunohistochemical examination using Em-specific
monoclonal antibodies facilitates a definitive diagnosis
even in archived formalin-fixed or paraffin-embedded
[40]
tissue .
In conclusion, ninety-five per cent of cases of
hepatic alveolar echinococcosis could be successfully
assigned to one of the sonomorphological patterns
based on the ultrasonographic classification scheme
proposed in the present study. The hailstorm pattern
represented the most frequent form, being observed
in over 50%. The sonomorphological classification
proposed in the present study can facilitate the
diagnosis, interpretation, classification and comparison
of ultrasonographic findings in patients with alveolar
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echinococcosis of the liver, both in routine clinical
practice and in the context of scientific studies.
The evaluation of different clinical courses (PNM
classification) with inclusion of biological markers and
other imaging modalities should be investigated in
further studies.
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Abstract
AIM: To report the outcome of surgery in patients
with (pre)malignant conditions of celiac disease (CD)
and the impact on survival.
METHODS: A total of 40 patients with (pre)malignant
conditions of CD, ulcerative jejunitis (n = 5) and
enteropathy associated T-cell lymphoma (EATL) (n =
35), who underwent surgery between 2002 and 2013
were retrospectively evaluated. Data on indications,
operative procedure, post-operative morbidity and
mortality, adjuvant therapy and overall survival
(OS) were collected. Eleven patients with EATL who
underwent chemotherapy without resection were
included as a control group for survival analysis.
Patients were followed-up every three months during
the first year and at 6-mo intervals thereafter.
RESULTS: Mean age at resection was 62 years.
The majority of patients (63%) underwent elective
l a p a ro t o my. F u n c t i o n a l s t e n o s i s (n = 1 3 ) a n d
perforation (n = 12) were the major indications for
surgery. In 70% of patients radical resection was
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performed. Early postoperative complications, mainly
due to leakage or sepsis, occurred in 14/40 (35%) of
patients. Eight patients required reoperation. More
patients who underwent resection in the acute setting
(n = 3, 20%) died compared to patients treated
in the elective setting. With a median follow-up of
20 mo, seven patients (18%) required reoperation
due to long-term complications. Significantly more
patients who underwent acute surgery could not be
treated with adjuvant chemotherapy. Patients who
first underwent surgical resection showed significantly
better OS than patients who received chemotherapy
without resection.
CONCLUSION: Although the complication rate is high,
the preferred first step of treatment in (pre)malignant
CD consists of local resection as early as possible to
improve survival.
Key words: Enteropathy associated T-cell lymphoma;
Ulcerative jejunitis; Refractory celiac disease; Celiac
disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A small percentage of patients with celiac
disease develop (pre)malignant conditions including
enteropathy associated T-cell lymphoma. No stan
dardized treatment has been established. Surgery
is indicated to relieve clinical symptoms or prevent
perforation during chemotherapy. Although the fre
quency of early- and late post-operative complications
is high, local resection is the preferred first step of
treatment. Resection is preferred as early as possible
after diagnosis since treatment-related mortality seems
to rise in the acute setting. Early diagnosis is of utmost
importance as elective surgical resection might lower
the risk of post-operative mortality and improve overall
survival.
van de Water JMW, Nijeboer P, de Baaij LR, Zegers J, Bouma
G, Visser OJ, van der Peet DL, Mulder CJJ, Meijerink WJHJ.
Surgery in (pre)malignant celiac disease. World J Gastroenterol
2015; 21(43): 12403-12409 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i43/12403.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i43.12403

disease state is characterized by the occurrence of
duodenal T cells with an aberrant phenotype and RCD
Ⅱ is now considered a low-grade lymphoma. Such
low-grade lymphomas may also sporadically manifest
as ulcerative jejunitis (UJ) with deep ulcerations and
[5]
stenosis .
Due to the rarity of UJ and EATL, no standardized
therapeutic regimens have been established for
these entities. In general, chemotherapy is the most
important factor for improved survival in lymphoma
[6]
patients . Since 2004, this treatment step is usually
preceded by surgical resection due to the high risk of
bowel perforation or hemorrhage during chemotherapy
[6-10]
and to treat symptomatic stenosis or perforation
.
In recent years, consolidation therapy with the addition
of stem-cell transplantation (SCT) has been successfully
[11,12]
applied in some of these patients
. For UJ, no
standard treatment is available. The majority of UJ
patients are also treated with systemic chemotherapy
[13]
(cladribine, 2CDA ) and, depending on stenosisrelated symptoms, with resection of the ulcerated
segment.
Although surgery is an important first-step in the
treatment of both UJ and EATL, the results of this
intervention, in terms of outcome, morbidity and mor
tality, have not been analyzed. Here, we evaluate the
indications, resectability, morbidity and mortality in our
(pre)malignant CD patients, diagnosed at or referred
to our Celiac Center Amsterdam, who underwent
surgical intervention. Furthermore, to confirm the
additive value of surgery, we compared the outcome of
this group with patients who underwent chemotherapy
without resection.

MATERIALS AND METHODS
A total of 40 patients with an established diagnosis of
UJ or EATL who underwent surgical resection between
January 2002 and November 2013 were included in
this analysis. Clinical characteristics, indication for
surgery, surgery-related morbidity and mortality and
overall survival (OS) were evaluated. Eleven patients
with established EATL who underwent chemotherapy
without surgical resection were included as a control
group for the survival analysis.

Diagnosis of UJ and EATL

INTRODUCTION
Celiac disease (CD) is a common immune-mediated
enteropathy affecting approximately 0.6% of
[1]
individuals in the Western population . Enteropathyassociated T-cell lymphoma (EATL) is a very rare
peripheral T-cell lymphoma that develops in an
[2]
estimated 0.04% of adult-onset CD patients . In
[3,4]
approximately 30%-50%
this is preceded by a
state of refractoriness to a gluten-free diet, referred
to as refractory celiac disease type Ⅱ (RCDⅡ). This
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A diagnosis of EATL was histologically established
according to the WHO Classification of Tumours of
[14]
Haematopoietic and Lymphoid Tissues
and was
confirmed histologically by a dedicated pathologist.
The diagnosis of UJ was based on the macro
scopic appearance of ulcerative lesions using gastro
[15]
duodenoscopy, double balloon endoscopy
and/or
[16]
video-capsule endoscopy .

Indications and surgical procedure

Both the indication and the need for patients to be
either treated in the acute- or in the elective setting
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were based on clinical assessment performed by a
gastroenterologist and a surgeon. Perforation was
defined as the existence of an acute abdomen and/or
extraluminal air and mesenteric fatty infiltration seen
on computed tomography (CT). During surgery the
presence of a perforation was confirmed. When a
patient suffered nausea and/or vomiting accompanied
by abdominal pain and bowel distension, which was
in some cases accompanied by a zone of collapsed
bowel seen on CT, the patient was defined as having
intestinal stenosis. Surgery in the acute setting was
defined as surgical intervention within 24 h after
the first presentation. All surgical interventions
which occurred after this time-period were defined
as elective surgery. A laparoscopic or open-bowel
resection was performed depending on localization,
the setting (elective/acute) and the preferences of
the surgeon performing the surgical intervention.
Mobilization and transection of the bowel was per
formed and the involved segment was resected if
possible. Resectability was assessed peri-operatively
and defined as radical, partial or unresectable. Radical
resection was defined as complete resection of the
tumor mass. When some, but not all of tumor mass
could be removed it was defined as partial resection.
Unresectability was defined as the inability to resect
any part of the tumor.

survival (OS) was defined as the time from diagnosis
to death. Surviving patients were censored at the time
of last follow-up. For the survival analysis, the patients
who received chemotherapy without surgical resection
were included as a control group.

Statistical analysis

Continuous variables were compared using the nonparametric Mann-Whitney test. Categorical variables
2
were compared using Fisher’s exact test or χ test.
OS was analysed using Kaplan-Meier curves and
significance compared using the Log-rank test. P
values less than 0.05 were considered statistically
significant. Statistical analysis was performed using
the SPSS software package (SPSS, Chicago, Illinois,
United States).

RESULTS
Between January 2002 and November 2013, 40
consecutive patients with UJ or EATL underwent lapa
roscopic or open resection. Thirty-five patients had
EATL (88%) and the remainder had UJ. Mean age at
the time of resection was 62 ± 7 years (range: 48-77).
Males were overrepresented (n = 23, 57%). Patient
characteristics are described in Table 1.

Indication and surgical procedure

Postoperative morbidity and mortality

Chemotherapy was started within 2-5 wk after
resection in both EATL and UJ patients depending on
the postoperative condition of the patient. In some
cases this was followed by autologous or allogeneic
SCT. Detailed information on chemotherapy and SCT
[3]
will be described elsewhere .

In the majority of patients the surgical procedure
was performed in the elective setting (n = 25, 63%).
Besides local resection in the case of proven EATL
to prevent perforation due to chemotherapy (n =
11), main indications included stenosis (n = 13),
perforation (n = 12) and others such as sepsis (n
= 1) or exploratory surgery for diagnostic purposes
(n = 3). The majority of UJ patients presented with
stenosis (n = 3, 60%), whereas none of the UJ patients
presented with perforation. The majority of patients
(85%) underwent an open procedure; only six patients
(15%) underwent laparoscopic surgery, of which
half of the procedures were converted to an open
procedure. Radical resection of the tumor mass or the
ulcerated segment was performed in 70% of patients.
In nine patients (23%) the involved segment was
only partially resected due to extensive disease such
as vascular or mesenteric root involvement. Three
patients were found to be unresectable (9%) during
the procedure. The latter two groups consisted of
EATL patients. When comparing surgery in the acute
setting to the elective setting, patients in the acute
setting all suffered from EATL with perforation being
a significantly more frequent indication for surgery.
Indications and operative procedures are listed in Table
1.

Survival outcome

Postoperative morbidity and mortality

Postoperative patients were either admitted to the
intensive care unit (ICU) or the surgical-gastro
enterology ward. Data on postoperative hospital
stay, morbidity and the need for reoperation were
recorded. Morbidity was assessed using early- and
late postoperative complications. Early postoperative
complications were defined as direct surgery-related
complications occurring within 30 d after the initial
surgery. When complications occurred after this timeperiod and showed a direct relation with the initial
surgery, these were defined as late postoperative
complications. Overall in-hospital and postoperative
mortality were documented, the former being defined
as mortality due to any cause during the hospital
stay. Postoperative mortality was defined as mortality
within 30 d after surgery with a direct relation to the
operative procedure.

Adjuvant therapy

Follow-up was carried out at 3-mo intervals during
the first year and thereafter at 6-mo intervals. Overall
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In 10 patients (25%) postoperative ICU-stay was
required with a median stay of 9 d (range: 1-37).
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Table 1 Baseline characteristics, indication and operative procedure n (%)
Characteristics
Gender M/F
Mean age (yr) at resection (mean ± SD, range)
Diagnosis
EATL
UJ
Indication
Perforation
Stenosis
Local resection
Other
Procedure
Open
Laparoscopic
Conversion (n)
Resected
Jejunum
Jejunum and Ileum
Ileum
Other
Median length of resected segment (cm) (range)
Resectability
Radical resection
Partial resection
Unresectable

Total

Acute setting

Elective setting

n = 40

n = 15

n = 25

23/17
(57/43)
(62 ± 7, 48-77)

7/8
(47/53)
(61 ± 6, 48-70)

16/9
(64/36)
(63 ± 7, 49-77)

35 (88)
5 (12)

15 (100)

20 (80)
5 (20)

12 (30)
13 (32)
11 (28)
4 (10)

10 (67)
4 (27)
1 (6)

2 (8)
9 (36)
11 (44)
3 (12)

34 (85)
6 (15)
n=3

14 (93)
1 (7)
n=1

20 (80)
5 (20)
n=2

27 (67)
7 (18)
4 (10)
2 (5)
35 (9-155)

9 (60)
3 (20)
2 (13)
1 (7)
20 (10-50)

18 (72)
4 (16)
2 (8)
1 (4)
40 (9-155)

28 (70)
9 (23)
3 (7)

10 (67)
3 (20)
2 (13)

18 (72)
6 (24)
1 (4)

P value
0.28
0.25
0.08

< 0.001

0.25

0.69
0.59

0.07
0.55

EATL: Enteropathy associated T-cell lymphoma; UJ: Ulcerative jejunitis.

Median hospital stay was ten days (range: 2-63).
Early postoperative complications occurred in 14
patients (35%), of which the most important were
anastomotic leakage (n = 5) and fever/sepsis (n = 4).
Furthermore, postoperative bleeding (n = 2), ileus (n
= 1), cardiac failure (n = 1) and wound dehiscence
(n = 1) occurred. In eight patients early reoperation
was necessary, due to anastomotic leakage (n = 5),
postoperative bleeding (n = 2) or wound dehiscence
(n = 1). There were no significant differences in
early postoperative complications in patients who
underwent surgery in the acute setting compared
with those who underwent surgery in the elective
setting. Postoperative mortality occurred in 3 patients
(8%) at a median of 20 d after initial surgery, due to
sepsis after anastomotic leakage. This occurred only in
patients who underwent surgery in the acute setting
(20%; p = 0.02). In-hospital mortality occurred in five
patients (13%) at a median of 28 d (range: 14-87)
after surgery. Besides the postoperative mortality
described above, the other two cases were due to
progressive EATL (n = 2).
With a median follow-up of 14 mo (range: 0.5-125)
five patients (13%) experienced long-term com
plications which required reoperation with a median
of 58 mo after initial surgery. Stenosis at the side
of the initial anastomosis was the most frequently
reported long-term complication (n = 4). One patient
had anastomotic leakage after stoma reconstruction
(n = 1). These patients all underwent surgery in the
elective setting (20%; p = 0.08). There were no
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postoperative complications after secondary-surgery
and no postoperative mortality. Data on early and late
postoperative morbidity and mortality are provided in
Table 2.

Adjuvant therapy

During the median follow-up period of 17 mo (range:
2-146) 28 patients (70%) who underwent surgical
resection received adjuvant chemotherapy. Only the
patients suitable for an aggressive treatment regimen
based on clinical condition and age (< 70 years)
received SCT after chemotherapy (n = 9, 23%).
Long-term follow-up after resection, chemotherapy
[3]
and SCT will be described elsewhere . During
adjuvant chemotherapy, one patient died due to a
chemotherapy-related complication (pancytopeniarelated pneumonia). None of the resected patients
experienced perforation as a side effect of the
chemotherapy. Twelve patients (30%) were unable to
receive adjuvant chemotherapy after initial resection
due to poor clinical condition. Comparing patients
who underwent surgery in the acute setting with
those who underwent surgery in the elective setting,
patients who underwent surgery in the elective setting
were significantly more able to receive adjuvant
chemotherapy (p = 0.04) (Table 3).

Outcome

In total, 26 patients died with an OS of 15 mo. Oneand five-year OS in this heterogeneous resected
group was 57% and 29%, respectively. Patients who
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Table 2 Early and late postoperative morbidity and mortality n (%)
Total

Acute setting

Elective setting

n = 40

n = 15

n = 25

ICU-stay (n)
Median days (range)
Median hospital stay (d) (range)
Median follow-up after surgery (mo) (range)
Early complications
Anastomotic leakage
Fever/sepsis
Bleeding
Ileus
Cardiac failure
Wound dehiscence
Reoperation necessary
Late complications,
Stenosis/ileus
Anastomotic leakage after
stoma reconstruction
Median time after initial surgery (mo)
Post-operative mortality
In-hospital mortality

10
9 (1-37)
10 (2-63)
14 (0.5-125)
14 (35)
n=5
n=4
n=2
n=1
n=1
n=1
8 (20)
5 (13)
n=4
n=1
N.E.
3 (8)
5 (13)

5
15 (1-37)
10 (2-48)
6 (0.5-125)
7 (40)
n=3
n=3

5
6 (1-28)
11 (4-63)
16 (1-100)
7 (28)
n=2

P value
1.0
0.31
1.0
0.09
0.65

n=2
n=1
n=1
3 (20)
0 (0)

3 (20)
3 (20)

n=1
5 (21)
5 (20)
n=4
n=1
58
0 (0)
2 (8)

0.44
0.08

0.02
0.23

N.E.: Could not be estimated.

Table 3 Postoperative therapy and overall survival n (%)
Total

Treatment
Resection alone
Resection and
chemotherapy
Resection,
chemotherapy and SCT
Death
Overall survival (mo)
1-yr survival
5-yr survival

n = 40

Acute
setting
n = 15

Elective
setting
n = 25

12 (30)
19 (47)

8 (53)
4 (27)

4 (16)
15 (60)

9 (13)

3 (20)

6 (24)

26 (65)
15
57%
29%

12 (80)
8
40%
18%

14 (56)
19
67%
34%

P value

0.04

0.12
0.05

SCT: Stem-cell transplantation.

underwent surgery in the elective setting showed
a significantly better OS of 19 mo compared to 8
mo in patients who underwent surgery in the acute
setting. When the outcome of patients who received
chemotherapy without surgical resection was compared
with patients who underwent surgical resection, the
latter group showed a significantly better OS of 14
mo compared to 5 mo in the chemotherapy without
resection group (p = 0.005). One year survival in these
groups was 57% and 18%, respectively. This survival
advantage remained after excluding patients who were
able to receive SCT (Figure 1).
Two patients (18%) in the chemotherapy without
resection group developed bowel perforation during
chemotherapy.

DISCUSSION
According to our data, surgical resection as the first
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step in the treatment of (pre)malignant CD is highly
recommended in order to treat symptomatic stenosis
or perforation, to prevent perforation during chemo
therapy and to improve survival. The present study
showed a high incidence of postoperative morbidity
which was comparable between patients who under
went resection in the acute and in the elective setting.
Postoperative mortality was significantly higher in
patients who underwent surgery in the acute setting.
In these patients, OS was lower than in those treated
in the elective setting. Furthermore, significantly more
patients who underwent acute surgery could not be
treated with adjuvant chemotherapy.
Small intestinal tumours are rare and generally
difficult to detect due to the non-specific nature of
symptoms, rare incidence and the need for advanced
imaging techniques to detect small-bowel lesions.
This may lead to diagnosis at a more advanced stage
which may lead to a deteriorated clinical condition in
(pre)malignant CD patients. We therefore postulated
that acute surgery in these patients is a high risk
intervention and may lead to serious complications.
However, our data concerning both early and late
complications showed no differences when acute
and elective surgery was compared. The frequency
of both early and late complications was relatively
high in both groups which may have been due to a
delay in diagnosis in both groups. Hence, patients
who underwent resection in the acute setting showed
more therapy-related mortality and a less favourable
OS compared to patients who underwent elective
resection. This stresses the importance of early dia
gnosis of both UJ and EATL.
In patients who are diagnosed with (pre)malignant
CD in a progressive stage of disease, poor clinical
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Figure 1 Kaplan-Meier curve for overall survival of enteropathy associated T-cell lymphoma patients stratified for patients treated in the acute setting and
in the elective setting (A) and stratified for patients treated with resection with or without chemotherapy1 and chemotherapy alone (B). 1after excluding the
patients who underwent stem-cell transplantation.

condition of the patient is partially caused by their poor
[17]
nutritional status . Nutritional status in most EATL
patients is very poor as described in one of our recent
[18]
papers . This results in a high risk of surgery-related
complications, which could also explain the relatively
high rate of early-complications after surgery in our
cohort. Moreover, nutritional status is an important
factor in the ability to receive adjuvant chemotherapy
after resection. Therefore, nutritional status should be
meticulously evaluated in all patients at presentation
and nutrients should be adequately supplied. Moreover,
albumin substitution (> 25 g/L) may play an important
role in the preoperative conditioning of EATL and UJ,
although no scientific evaluation on albumin infusion in
[19]
these patients is available .
In conclusion, although the frequency of early and
late post-operative complications is high, the preferred
first step of treatment in (pre)malignant CD patients
consists of local resection, preferably as early as
possible after diagnosis as treatment-related mortality
seems to rise in the acute setting and these patients
are less likely to be able to receive chemotherapy.
Early diagnosis of both UJ and EATL is of utmost
importance as elective surgical resection may lower
the risk of post-operative mortality and improve overall
survival.
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Abstract
AIM: To investigate the impact of systemic inflammationbased prognostic markers on overall survival in relapsed/
refractory metastatic colorectal cancer (mCRC) patients.
METHODS: To investigate prognostic markers in
mCRC patients, this study was performed with patients
who have experienced relapsed/refractory mCRC
with standard chemotherapy or were inapplicable
to conventional treatment modality because of poor
performance status, age, or comorbidity. We reviewed
the medical records of 177 mCRC patients managed
with Korean Medicine (KM) treatment modality using
an anticancer agent of Rhus verniciflua Stokes extract
from June 2006 to April 2013. The clinicopathologic
characteristics, laboratory test, the systemic inflammation
markers including the modified Glasgow prognostic
score (mGPS), neutrophil lymphocyte ratio (NLR),
platelet lymphocyte ratio (PLR), lymphocyte monocyte
ratio (LMR), and prognostic nutritional index (PNI) were
analyzed. The overall survival of patients was calculated
with the Kaplan-Meier method and the statistical
significance was compared using with the log-rank test.
To compare the impact of systemic inflammation based
markers, the hazard ratio (HR) of mGPS, NLR, PLR, LMR,
and PNI for overall survival were evaluated with the Cox
proportional hazards regression.
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RESULTS: The majority of mCRC patients had
relapsed/refractory to standard chemotherapy; 128
patients (72.3%) had undergone more than second
line chemotherapy, and the median time from diagnosis
of mCRC to initiation of KM was 9.4 mo. The median
overall survival of enrolled patients was 8.3 mo. On
univariate analyses, the inflammation markers of higher
mGPS (P < 0.001), NLR ≥ 5 (P < 0.001), PLR > 300 (P
= 0.004), LMR ≤ 3.4 (P < 0.001), and PNI ≤ 45.3 (P
= 0.001) were significantly associated with decreased
survival time. On stepwise multivariate proportional
hazards model, mGPS at 2 vs 0 (HR = 3.212, 95%CI:
1.437-7.716, P = 0.004), and LMR ≤ 3.4 (HR = 1.658,
95%CI: 1.092-2.518, P = 0.018) as independent
predictors associated with poor overall survival along
with carbohydrate antigen 19-9 (HR = 1.482, 95%CI:
1.007-2.182, P = 0.046), AST ≥ 40 (HR = 2.377,
95%CI: 1.359-4.155, P = 0.002), and the treatment
duration for KM less than 2.9 mo (HR = 1.718, 95%CI:
1.160-2.543, P = 0.007).
CONCLUSION: These results indicate that the
inflammatory markers, mGPS and LMR are independent
prognostic factors for predicting overall survival in
relapsed/refractory mCRC patients.
Key words: Colorectal neoplasm; Inflammation; Modified
Glasgow prognostic score; Lymphocyte monocyte ratio;
Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to compare the
systemic inflammation based prognostic markers in
relapsed or refractory metastatic colorectal cancer
(mCRC) patients. We reviewed the medical records
of 177 mCRC patients and analyzed the impact of
systemic inflammation markers including modified
Glasgow prognostic score (mGPS), neutrophil lym
phocyte ratio, platelet lymphocyte ratio, lymphocyte
monocyte ratio (LMR), and prognostic nutritional index
on survival time. The mGPS and LMR were the best
inflammatory markers for predicting overall survival
time in relapsed or refractory mCRC patients.
Song A, Eo W, Lee S. Comparison of selected inflammationbased prognostic markers in relapsed or refractory metastatic
colorectal cancer patients. World J Gastroenterol 2015; 21(43):
12410-12420 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12410.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12410

in relapsed/refractory metastatic colorectal cancer
(mCRC) patients is important to determine proper
management modalities in clinical practice. Over
the last couple of decades, there has been a focus
on identifying host-related factors, which associated
with cancer outcomes. And they have proven to be
potential determinants to predict prognosis, guide
decisions related to treatment modality, and evaluate
[2]
treatment efficacy . Studies on inflammation markers
and host inflammatory responses in cancer have been
[3,4]
actively carried out since 2000 .
Systemic inflammation is known to elevate the
C-reactive protein (CRP) and change the relative
proportion of white blood cells, raising the neutrophil
[5,6]
count and lowering the lymphocyte count . Reflecting
the distinct feature of inflammation and cancer, several
indices such as the Glasgow prognostic score (GPS),
neutrophil lymphocyte ratio (NLR), platelet lymphocyte
ratio (PLR), lymphocyte monocyte ratio (LMR), and
Onodera’s prognostic nutritional index (PNI) have been
consistently studied for potential application in cancer
[7-9]
prognosis .
Based on several studies of GPS, hypoalbuminemia
without CRP elevation was found to show no significance
as a prognostic factor. Thus, recent research has
used modified GPS (mGPS) as a potential prognostic
[10]
factor . The mGPS and NLR were studied as
independent prognostic factors in advanced colorectal
[11-14]
cancer and PLR in pancreatic cancer
. There have
also been studies showing a correlation between LMR
and prognoses of Hodgkin’s lymphoma, and PNI and
[8,15,16]
prognoses of gastrointestinal malignancy
.
So far, most studies have focused on the efficacy
of inflammatory markers for newly diagnosed ad
vanced cancer patients who were naïve to cancer
treatment, and inflammation markers have been used
as prognostic markers for the initial treatment, which
could be surgery or chemotherapy. However, systemic
inflammation is rare in newly diagnosed patients with
early conditions of advanced cancers. To enhance the
clinical meaning of inflammatory markers as prognostic
markers of survival, it is necessary to evaluate faradvanced patients, who relapse after undergoing
standard treatments and who show cancer-related
symptoms.
Therefore, the aim of this study was to identify
the clinical efficacy of systemic inflammation as a
prognostic factor to predict overall survival (OS) in
mCRC patients who relapsed from standard therapy
and to identify which markers from among mGPS,
NLR, PLR, LMR, and PNI are useful for identifying
patients who should receive palliative care.

INTRODUCTION

MATERIALS AND METHODS

Colorectal cancer is the third most common cancer
in South Korea, and it is usually diagnosed at an
[1]
advanced stage . The precise prediction of survival

This study was performed with review of medical
records and it was approved by the Institutional
Review Board of Kyung Hee University Hospital at
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Assessed for eligibility
(n = 380)

Excluded (n = 203)
Double primary (n = 5)
Prior to treatment within four weeks (n = 176)
Operation (n = 16)
Chemotherapy (n = 149)
Radiation therapy (n = 11)
Combined with infectious disease (n = 22)

Study patients
(n = 177)

Figure 1 Flow chart of patients’ dispositions.

Gangdong (KHNMC-OH-IRB 2013-010).

Patients

We reviewed the medical records of mCRC patients
aged over 20 years who were examined by laboratory
tests from June 2006 to April 2013. From 380 cases,
we excluded patients with double primary cancers (n
= 5), and patients who underwent surgery (n = 16),
chemotherapy (n = 149), or radiotherapy (n = 11)
within four weeks of the initial laboratory examination
to avoid the possible influence of treatment modality
on inflammation markers. Also, we excluded cases (n
= 22) that showed comorbidity with specific signs and
symptoms of inflammation at the initial examination.
Finally, 177 patients with mCRC were included in the
study (Figure 1).

Overall survival

OS was defined as the time from the first day of
treatment to the time of death from any cause. When
the patient was lost to follow-up or the death was not
recorded, the patient was censored. The survival time
of censored patients was defined by the period from
the initiation of treatment to the last day of followup or to September 29, 2013, the date on which the
survival was investigated.

Systemic inflammation markers

Before initiation of treatment, patients were examined
for complete blood count with differential and blood
chemistry tests including CRP, albumin, tumor markers,
and other laboratory tests.
The mGPS was evaluated with CRP and albumin,
and it was based on the previous study demonstrating
that hypoalbuminemia without elevated CRP has no
[10]
significant relationship with OS . Patients with CRP
greater than 10 mg/L and albumin lower than 3.5
g/dL were assigned a score of 2. Patients with only
CRP elevation were assigned a score of 1. Patients
with a normal value for both CRP and albumin or only
low albumin levels were assigned a score of 0. NLR
was defined as the absolute neutrophil to absolute

WJG|www.wjgnet.com

lymphocyte ratio, and PLR was defined as the platelet
to absolute lymphocyte ratio. NLR was categorized
into two groups based on the cut-off points (≥ 5 or <
5), and PLR was classified into three groups ( < 150,
[9]
150-300, > 300) . LMR was defined as the absolute
lymphocyte to absolute monocyte ratio, and PNI was
comprised of albumin and lymphocytes. There was no
validated cut-off point for the LMR and PNI, so cut-off
points of LMR and PNI in this study were presented by
the receiver operating characteristic (ROC) curve and
the area under the ROC curve (AUC).

Treatment

The applied treatment modality for relapsed/refractory
mCRC patients who had no choice of conventional
standard treatment was Korean Medicine (KM).
Herbal medication and acupuncture were the major
modality for patients underwent KM treatment. The
Rhus verniciflua stokes (RVS) extract was used as a
main anticancer agent. RVS extract was originated
from the lacquer tree, which grows in East Asia. RVS
has been shown to have an anti-proliferative effect,
apoptotic activity, an anti-angiogenic effect, and an
[17-19]
anti-tumor migration effect
. RVS was extracted
by the standardized method with water at 95 ℃, then
concentrated and lyophilized in powdered form. After
being depleted of toxic allergens, the extract was
examined for quality with concentrations of the main
compounds. Each capsule contained 500 mg of RVS
extract, and patients were typically prescribed 1500
mg of RVS extract daily.

Statistical analysis

The clinicopathologic features, laboratory tests, and
systemic inflammation markers were recorded for
the potential prognostic factors. OS was calculated
with the Kaplan-Meier method and the statistical
significance was compared using the log-rank test.
The prognostic factors for survival were identified
with the proportional hazards regression. Univariate
analysis was performed with each potential prognostic
factor and stepwise multivariate proportional hazards
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Table 1 Baseline characteristics of patients
n

%

< 65/≥ 65
Male/female
0-1/2-4
Colon/rectum
No/yes
No/yes
None/1st line/2nd line/≥ 3rd line
No/yes
< 18.5/18.5-22.9/≥ 23
< 2.9/≥ 2.9

123/54
83/94
105/72
125/52
69/108
33/144
21/28/54/74
126/51
22/88/64
89/88

69.5%/30.5%
46.9%/53.1%
59.3%/40.7%
70.6%/29.4%
39.0%/61.0%
18.6%/81.4%
11.9%/15.8%/30.5%/41.8%
71.2%/28.8%
12.6%/50.6%/36.8%
50.3%/49.7%

≤ 5/> 5

31/140
59/78
95/82
147/30
157/20
139/36
13/164
114/63
161/16
161/16
92/85
111/66
59/118
104/73
123/54
83/94
114/52/11
144/33
73/78/26
113/64
52/125

18.1%/81.9%
43.1%/56.9%
53.7%/46.3%
83.1%/16.9%
88.7%/11.3%
79.4%/20.6%
7.3%/92.7%
64.4%/35.6%
62.7%/37.3%
91.0%/9.0%
52.0%/48.0%
62.7%/37.3%
33.3%/66.7%
58.8%/41.2%
69.5%/30.5%
46.9%/53.1%
64.4%/29.4%/6.2%
81.4%/18.6%
41.2%/44.1%/14.7%
63.8%/36.1%
29.4%/70.6%

Variable
Clinicopathological factors
Age (yr)
Sex
ECOG-PS
Tumor site
Liver metastasis
Prior surgery
Prior chemotherapy
Prior radiotherapy
BMI (kg/m2)
KM treatment duration (mo)
Laboratory factors
CEA (ng/mL)
CA19-9 (U/mL)
Hb (g/dL)
AST (IU/L)
ALT (IU/L)
eGFR (mL/min)
albumin (g/dL)
CRP (mg/L)
PLT (× 103/μL)
WBC (× 103/μL)
Neutrophil (%)
Lymphocyte (%)
Monocyte (%)
ANC (cells/μL)
ALC (cells/μL)
AMC (cells/μL)
mGPS
NLR
PLR
LMR
PNI

≤ 27/> 27

> 12.1/≤ 12.1
< 40/≥ 40
< 40/≥ 40
≥ 60/< 60
< 3.5/≥ 3.5
< 10.0/≥ 10.0
< 400/≥ 400
< 10.0/≥ 10.0
≤ 68.2/> 68.2
≤ 24.3/> 24.3
≤ 6.6/> 6.6
≤ 4505.7/> 4505.7
≤ 1651.3/> 1651.3
≤ 460.8/> 460.8
0/1/2
< 5/≥ 5
< 150/150-300/> 300
≤ 3.4/> 3.4
≤ 45.3/> 45.3

ECOG-PS: Eastern cooperative oncology group performance status; BMI: Body mass index; KM: Korean Medicine; CEA: Carcinoembryonic antigen;
CA19-9: Carbohydrate antigen 19-9; Hb: Hemoglobin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; eGFR: Estimated glomerular
filtration rate; CRP: C-reactive protein; PLT: Platelet; WBC: White blood cell; ANC: Absolute neutrophil count; ALC: Absolute lymphocyte count; AMC:
Absolute monocyte count; mGPS: Modified Glasgow prognostic score; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; LMR:
Lymphocyte to monocyte ratio, PNI: Prognostic nutritional index.

models were analyzed with statistically significant
factors with P value less than 0.05 from univariate
analysis for predicting survival. For the precision of
model prediction without the complication caused
by overlapped factors from univariate analysis, the
factors with high priority were entered for multivariate
analysis removing the factors with low priority.
The ROC curve analysis was used to determine
the optimal cut-off values of the hemoglobin (Hb),
neutrophil%, lymphocyte%, monocyte%, absolute
neutrophil count (ANC), absolute lymphocyte count
(ALC), absolute monocyte count (AMC), LMR, and PNI.
The optimal cut-off values of each factor indicated the
discrimination on survival by the maximum joint of
sensitivity and specificity. All statistical analyses were
conducted using MedCalc Statistical Software (version
12.7.5; MedCalc Software, Ostend, Belgium) and SPSS
(version 18.0; SPSS Inc., Chicago, IL, United States).
A P value less than 0.05 was considered statistically
significant.
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RESULTS
The clinicopathological and biochemical characteristics
of enrolled patients are summarized in Table 1. Of
the 177 colorectal cancer patients, 94 were female
(53.1%), the median age was 52 (range, 25-81),
and the majority of patients (59.3%) had an ECOG
performance status of 0 or 1. There were 125 (70.6%)
colon cancer cases and 52 (29.4%) rectal cancer
cases, and most patients had liver metastases (61.0%).
In total, 171 patients (96.6%) had at least one prior
treatment, and 128 patients (72.3%) had experienced
more than second line chemotherapy. The median
time of KM treatment initiation was 9.4 mo after the
diagnosis of mCRC (range, 0.1-81.0 mo).
The median OS was 8.3 mo (range, 0.8-70.0 mo)
for all patients (Figure 2). The median follow-up period
of patients was 3.1 mo (range, 0.1-33.3 mo), and the
median treatment duration of KM was 2.9 mo (range,
0.1-33.3 mo).
The optimal cut-off values, AUCs, and significances
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Figure 2 Overall survival of enrolled patients according to the systemic inflammation markers. Overall survival of total enrolled patients (A), overall survival
according to modified Glasgow prognostic score (B), neutrophil lymphocyte ratio (C), platelet lymphocyte ratio (D), prognostic nutritional index (E), and lymphocyte
monocyte ratio (F).

of Hb, neutrophil%, lymphocyte%, monocyte%, ANC,
ALC, AMC, LMR, and PNI analyzed by ROC curve are
shown in Figure 3. The ROC curves demonstrated that
LMR of 3.4 was the optimal cut-off for predicting OS
(sensitivity = 68, specificity = 62.5, AUC = 0.647, P
= 0.005) and PNI of 45.3 was the optimal cut-off for
predicting OS (sensitivity = 34.0, specificity = 95.8,
AUC = 0.559, P = 0.256).
The univariate analysis of the proportional hazards
regression was performed to determine predictable
factors for multivariable analyses, adjusting for
other factors to influence survival. Among the
clinicopathological factors, poor ECOG performance
status and presence of liver metastasis showed a
relationship with poor survival. Regarding biochemical
factors, several lab tests showed survival impact,
such as tumor markers of carcinoembryonic antigen
(CEA) and carbohydrate antigen 19-9 (CA19-9), liver
enzymes of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), albumin, C-reactive
protein (CRP), Hb, neutrophil %, lymphocyte %, ANC,
and AMC and treatment duration for KM. The survival
of patients was significantly affected by the level of
systemic inflammation markers of mGPS, NLR, PLR,
and LMR, and the nutrition marker of PNI (Table 2). On
mGPS, survival time and hazard were incrementally
influenced in accordance with the level of mGPS.
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The median OS of mGPS 0, mGPS 1, and mGPS 2
was 11.2 mo, 4.5 mo, and 2.6 mo, respectively (P <
0.001). The hazard of mGPS 1 (HR = 1.998, 95%CI:
1.403-2.844) and mGPS 2 (HR = 4.741, 95%CI:
2.418-9.297) increased level-dependently (P < 0.001).
The median OS of patients with low NLR (NLR <
5) was 9.4 mo, and the high NLR (NLR ≥ 5) was 4.3
mo (P < 0.001), and high NLR (NLR ≥ 5) reduced the
survival period (HR = 2.388, 95%CI: 1.609-3.545,
P < 0.001). The median OS of patients with low PLR
(PLR < 150), medium PLR (PLR between 150 and
300), and high PLR (PLR > 300) was 11.2 mo, 6.8
mo, and 5.3 mo respectively (P = 0.012), and high
PLR significantly resulted in poor survival (HR =
1.989, 95%CI: 1.253-3.157, P = 0.004), whereas
the medium PLR showed no significant influence on
survival. The median OS of patients with low LMR (LMR
≤ 3.4) and high LMR (LMR > 3.4) was 5.9 mo and
12.4 mo respectively (P < 0.001), and the low LMR
group was associated with shortened survival (HR =
2.045, 95%CI: 1.450-2.884, P < 0.001). The median
OS of patients with low PNI (PNI ≤ 45.3), and high
PNI (PNI > 45.3) was 6.0 mo and 9.4 mo respectively
(P = 0.001), and low PNI was highly associated with a
short survival time (HR = 1.785, 95%CI: 1.271-2.507,
P = 0.001) (Figure 2).
Multivariate analysis using the Cox proportional

12414

November 21, 2015|Volume 21|Issue 43|

Song A et al . Prognosis of relapsed or refractory metastatic colorectal cancer

B

100

100
80

60

60

60

40

Sensitivity

80

20

40
20

0
20

40
60
100-specificity

80

100

D 100

0
0

E

40
20

0
0

20

40
60
100-specificity

80

100

F

100

80

60

60

60

20

Sensitivity

80

40

40
20

0
20

40
60
100-specificity

80

100

20

40
60
100-specificity

80

100

I

60

60

60

Sensitivity

80

Sensitivity

80

Sensitivity

80

40
20

0
20

40
60
100-specificity

80

100

100

0

20

40
60
100-specificity

80

100

0

20

40
60
100-specificity

80

100

100

40
20

0
0

80

0
0

H 100

20

40
60
100-specificity

40

G 100

40

20

20

0
0

0

100

80
Sensitivity

Sensitivity

C

100

80
Sensitivity

Sensitivity

A

0
0

20

40
60
100-specificity

80

100
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Lymphocyte to monocyte ratio: sensitivity 68.0%, specificity 62.5%, area under the ROC curve (AUC) 0.647, P value 0.0048, cut-off 3.4; Prognostic nutritional index:
sensitivity 34.0%, specificity 95.8%, AUC 0.559, P value 0.2557, cut-off 45.3; Hemoglobin: sensitivity 58.8%, specificity 79.2%, AUC 0.668, P value 0.0077, cut-off
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1651.3; Absolute monocyte count: sensitivity 56.9%, specificity 70.8%, AUC 0.641, P value 0.0239, cut-off 460.8.

hazards models with stepwise selection process was
performed to identify the independent predictors of
survival. The models were analyzed with all significant
factors removing overlapped factors. The key potential
predictors of hypothesis of this study, mGPS, NLR, PLR,
LMR, and PNI of the systemic inflammation markers
were calculated with absolute counts of white blood cells
and platelet, CRP, and albumin, which was described
with detailed formulas in the method section. After
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adjusting for confounders, the predictors of survival in
the stepwise multivariate proportional hazards model
were LMR, mGPS, CA19-9, AST, and treatment duration
(Table 3). Among the systemic inflammatory markers,
mGPS and LMR were independently associated with
survival time in relapsed/refractory mCRC patients.
The risk of death was remarkably increased according
to the level of mGPS score (P = 0.017), the hazard
ratio of mGPS 2 (HR = 3.212, 95%CI: 1.437-7.176,
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Table 2 Univariate analyses of factors related to overall survival
Hazard ratio (95%CI)

P value

< 65 vs ≥ 65
Female vs male
0-1 vs 2-4
Colon vs rectum
No vs yes
No vs yes
None vs 1st or 2nd line
None vs ≥ 3rd line
No vs yes
< 18.5 vs 18.5-22.9
< 18.5 vs ≥ 23
≥ 2.9 vs < 2.9

1.295 (0.922-1.821)
0.897 (0.653-1.233)
1.528 (1.107-2.109)
0.823 (0.575-1.177)
1.469 (1.056-2.044)
0.797 (0.525-1.211)
0.670 (0.392-1.145)
0.897 (0.526-1.529)
0.991 (0.698-1.409)
0.697 (0.425-1.144)
0.700 (0.420-1.169)
1.966 (1.425-2.711)

0.136
0.504
0.010
0.286
0.023
0.288
0.143
0.689
0.962
0.154
0.173
< 0.001

≤ 5 vs > 5

> 12.1 vs ≤ 12.1
< 40 vs ≥ 40
< 40 vs ≥ 40
≥ 60 vs < 60
≥ 3.5 vs < 3.5
< 10.0 vs ≥ 10.0
< 400 vs ≥ 400
< 10.0 vs ≥ 10.0
≤ 68.2 vs > 68.2
> 24.3 vs ≤ 24.3
≤ 6.6 vs > 6.6
≤ 4505.7 vs > 4505.7
≤ 1651.3 vs > 1651.3
≤ 460.8 vs > 460.8

1.576 (1.016-2.444)
1.654 (1.139-2.402)
1.721 (1.246-2.378)
2.547 (1.678-3.867)
1.845 (1.139-2.991)
0.942 (0.634-1.399)
2.202 (1.214-3.993)
2.202 (1.577-3.076)
0.618 (0.367-1.042)
1.595 (0.945-2.691)
1.576 (1.146-2.168)
1.923 (1.369-2.700)
1.316 (0.931-1.860)
1.832 (1.328-2.527)
0.779 (0.549-1.107)
1.830 (1.325-2.527)

0.042
0.008
0.001
< 0.001
0.013
0.766
0.009
< 0.001
0.071
0.080
0.005
< 0.001
0.120
< 0.001
0.164
< 0.001

0 vs 1
0 vs 2
< 5 vs ≥ 5
< 150 vs 150-300
< 150 vs > 300
> 3.4 vs ≤ 3.4
> 45.3 vs ≤ 45.3

1.998 (1.403-2.844)
4.741 (2.418-9.297)
2.388 (1.609-3.545)
1.204 (0.849-1.708)
1.989 (1.253-3.157)
2.045 (1.450-2.884)
1.785 (1.271-2.507)

< 0.001
< 0.001
< 0.001
0.297
0.004
< 0.001
0.001

Variable
Clinicopathological factors
Age (yr)
Sex
ECOG-PS
Tumor site
Liver metastasis
Prior surgery
Prior chemotherapy
Prior radiotherapy
BMI (kg/m2)
KM treatment duration (mo)
Laboratory factors
CEA (ng/mL)
CA19-9 (U/mL)
Hb (g/dL)
AST (IU/L)
ALT (IU/L)
eGFR (mL/min)
albumin (g/dL)
CRP (mg/L)
PLT (× 103/μL)
WBC (× 103/μL)
Neutrophil (%)
Lymphocyte (%)
Monocyte (%)
ANC (cells/μL)
ALC (cells/μL)
AMC (cells/μL)
Systemic inflammation markers
mGPS
NLR
PLR
LMR
PNI

≤ 27 vs > 27

ECOG-PS: Eastern cooperative oncology group performance status; BMI: Body mass index; KM: Korean Medicine; CEA: Carcinoembryonic antigen;
CA19-9: Carbohydrate antigen 19-9; Hb: Hemoglobin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; eGFR: Estimated glomerular
filtration rate; CRP: C-reactive protein; PLT: Platelet; WBC: White blood cell; ANC: Absolute neutrophil count; ALC: Absolute lymphocyte count; AMC:
Absolute monocyte count; mGPS: Modified Glasgow prognostic score; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; LMR:
Lymphocyte to monocyte ratio; PNI: Prognostic nutritional index.

Table 3 Stepwise multivariate proportional hazards model for predictors of overall survival
Variable

Hazard ratio (95%CI)

P value

1.135 (0.717-1.797)
3.212 (1.437-7.716)
1.658 (1.092-2.518)
1.482 (1.007-2.182)
2.377 (1.359-4.155)
1.718 (1.160-2.543)

0.017
0.588
0.004
0.018
0.046
0.002
0.007

mGPS

LMR
CA19-9 (U/mL)
AST (IU/L)
KM treatment duration (mo)

0 vs 1
0 vs 2
> 3.4 vs ≤ 3.4
≤ 27 vs > 27
< 40 vs ≥ 40
≥ 2.9 vs < 2.9

mGPS: Modified Glasgow prognostic score; LMR: Lymphocyte to monocyte ratio; CA19-9: Carbohydrate antigen 19-9; AST: Aspartate aminotransferase;
KM: Korean Medicine.

P = 0.004) were increased compared with mGPS 0.
The patients with low LMR level showed significantly
increased risk of death than patients with high LMR level
(HR = 1.658, 95%CI: 1.092-2.518, P = 0.018). Of the
biochemical markers, the level of CA19-9 and AST were
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independent predictors for survival. The high level of
CA19-9 (CA19-9 > 27) was associated with increased
risk of death (HR = 1.482, 95%CI: 1.007-2.182, P
= 0.046), and the high level of AST (AST ≥ 40) was
significantly associated with poor survival time (HR
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= 2.377, 95%CI: 1.359-4.155, P = 0.002). Besides,
treatment duration less than 2.9 mo was significantly
associated with shortened survival time (HR = 1.718,
95%CI: 1.160-2.534, P = 0.007).

DISCUSSION
The systemic inflammation response of the host
is one of the representative biomarkers of hostrelated factors that predict the prognosis of cancer.
We investigated the relationship between systemic
inflammation markers of GPS, NLR, PLR, LMR, and
OS in relapsed/refractory mCRC patients. Besides
systemic inflammation markers, the clinicopathologic
indexes of the performance status, tumor markers,
presence of liver metastasis, and nutritional status
were also evaluated to determine their impact on the
survival time of mCRC patients.
The mGPS is an inflammation marker comprised
of CRP and albumin. A previous study reported that
mGPS increases with weight loss and low performance
status in colon and lung cancer patients, which
[20]
seemed to be associated with survival . Several
studies compared mGPS 0 with mGPS 1-2 or mGPS 0-1
[21,22]
with mGPS 2 for statistical significance
, but mGPS
was compared without further grouping in our study.
The levels of mGPS were identified as independent
prognostic factors for survival. Specifically, patients
with a score of mGPS 2 were significantly associated
with poor survival, and this result was due to the
fact that albumin was one of the highly associated
nutritional markers. A high mGPS score before
initiation of treatment can predict a poor survival
outcome, which may influence the choice of an
appropriate treatment modality.
In the tumor microenvironment, it is known that
neutrophils affect proliferation, angiogenesis, and
metastases by interacting with tumor cells producing
[23,24]
cytokines and chemokines
. Also, there has been a
study reporting that elevated neutrophil and monocyte
counts are associated with poor survival in metastatic
[25]
melanoma . Lymphocytes play a key role in human
immunity. Lymphopenia is frequently observed
in advanced cancer patients, and the decrease in
lymphocyte count is strongly associated with a poor
prognosis of progression-free survival and OS in
[26]
advanced cancer patients . Our study demonstrated
that an increased percentage of neutrophils and
monocytes and a decreased percentage of lymphocytes
were related to a short OS. LMR has been studied
in Hodgkin’s lymphoma patients, and this study
indicated that it is a possible prognostic factor along
[7]
with International Prognostic Score . In this study,
LMR was found to be an independent prognostic factor
[11]
for mCRC. Chua et al
reported that NLR before
chemotherapy is an independent prognostic factor of
survival in mCRC, but in this study NLR showed an
impact on survival only with univariate analysis. PLR
was also assessed for its relationship with survival, and
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it did not show any impact on survival as shown in the
[27]
previous study .
We also evaluated whether PNI could be an
effective variable for survival in mCRC patients. Until
recently, PNI has been studied for gastric cancer
patients who underwent a gastrectomy, and the OS of
those patients was mostly dependent on the nutritional
[8,15]
status and the immune system
. Few studies have
researched the significance of PNI as a prognostic
factor for survival in mCRC.
The efficacy of CA19-9 as a prognostic factor of
survival in the previous studies has been reported with
diverse outcomes according to the cut-off value of the
[22,28]
study
. The optimal cut-off value of CA19-9 of this
study was 27 U/mL by the reference value, and it was
an independent prognostic marker for survival.
To evaluate the relationship between survival and
hepatic or renal function, AST, ALT, and eGFR were
also analyzed with the proportional hazards regression.
[29]
Fahmueller et al
reported that elevated AST and
CRP before selective internal radiation therapy in CRC
patients with liver metastases were prognostic factors
for survival, and concluded that liver tissue damage
before treatment and treatment-induced ischemia
resulted in poor survival of CRC patients. In this study
liver metastasis was shown in 108 patients and the
elevations of AST and ALT were observed in 30 and
20 patients, respectively. The liver metastasis and
elevated levels of AST and ALT from univariate analysis
showed strongly associated with the short survival
time (Table 2).
Based on the results of univariate analyses, the
factors that showed a significant effect on OS were
ECOG performance status of patients, the presence
of liver metastasis, tumor markers CEA and CA19-9,
the Hb, AST, and ALT in serum, and the nutrition index
of PNI, as well as measured systemic inflammation
markers of mGPS, NLR, PLR, and LMR. Interestingly
all the systemic inflammation markers were revealed
to have significant associations on survival time in
univariate analysis. On the basis of this result, we
could verify that the survival time of mCRC patients
was strongly associated with systemic inflammation.
On multivariate analysis using Cox proportional
hazards model in forward and backward stepwise
manners, the same predictors from analysis results
were obtained that mGPS and LMR of systemic
inflammation markers, CA19-9, AST, and treatment
duration were independent prognostic predictors for
survival time. The prognostic factors to predict survival
time in relapsed/refractory mCRC patients were
mGPS and LMR to reflect the systemic inflammatory
condition of host, CA19-9 of colorectal cancer marker,
AST of liver enzyme to indicate the hepatic function.
Regarding the treatment duration of KM, the pro
longation of survival was seemed to be associated with
the length of treated time.
Most of studies on mCRC patients have focused
on the prognosis of initial treatment after diagnosis.
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The standard regimen of chemotherapy on mCRC
is FOLFOX, FOLFIRI, CapeOX, and FOLFOXIRI with
the addition of biologic agents such as bevacizumab,
cetuximab, and panitumumab in the case of patients
[30]
who were appropriate for intensive care . Cancer
patients often consider another approach for ma
nagement after experiencing a relapse in spite of
conventional treatment. Patients who can’t undergo
radical treatment because of age, performance status,
and/or comorbidities also consider cancer management
based on traditional medicine in East Asia. In this
study, we aimed to focus on relapsed/refractory mCRC
patients. The majority, 72.3% of enrolled patients, had
received our management after undergoing second- or
third-line chemotherapy. It took 9.4 mo to initiate our
management after diagnosis of mCRC, demonstrating
the status of enrolled patients. Therefore, this study
result could be a guide for mCRC patients who relapsed
with standard therapy.
Cancer management in East Asian Medicine is
focused on host-based treatment to strengthen energy
through Qi and Blood, which is the same viewpoint
of palliative care, an approach to improve the quality
of life in physical, psychosocial, and spiritual ways
through the relief of symptoms, pain, and other
[31]
problems .
The anticancer agent of this study, RVS, has been
th
traditionally used since the 15 century in Korea
for the treatment of abdominal masses because of
its reported ability to break up hardness. There has
been evidence for an anticancer effect of RVS based
on reported anti-proliferative and apoptotic activity
in various cancer cells of lymphoma, osteosarcoma,
[17,32-36]
breast cancer, and hepatoma
. Furthermore,
RVS inhibited the cancer cell migration mediated by
matrix metalloproteinases, especially MMP-2 and
[19]
MMP-9, in human fibrosarcoma cells . RVS has also
been shown to have antitumor activities involving
inhibition of proliferation and migration of human
[17]
umbilical vein endothelial cells induced by VEGF .
RVS has been widely used for advanced cancer
patients who do not have any further choice in the
conventional standard therapies. The previous study
on RVS in mCRC patients reported a median OS of
[37]
10.9 mo in 2009 .
This study is limited by the retrospective review of
medical records. Another limitation was the relatively
short duration of median treatment and follow-up
periods. However, considering that enrolled patients
had relapsed mCRC after undergoing second line
chemotherapy in 30.5% of cases and third line
chemotherapy in 41.8% of cases, the treatment
duration of 3 mo based on clinical practice was hardly
regarded as short term. We identified useful prognostic
factors at the initial treatment point. With regard to
far-advanced mCRC patients, evaluating repeated
points of inflammation markers during management
[11,38]
could lead to more confident results
.
In the management of cancer patients, determination
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of prognosis could be continuously required to make
decisions when undergoing adjuvant therapy, to consider
the adverse events of chemotherapy, to apply optimal
palliative care, and to determine the best time to initiate
supportive care. Especially host-based studies of cancer
are becoming a more important issue in various points
of cancer management, and research on host-based
factors at various cancer will develop to prolong survival
and to improve quality of life in cancer treatment.
The results of this study could be applied to clinical
judgments regarding survival prognosis for relapsed/
refractory mCRC patients.
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The systemic inflammatory response has been recognized to associate with
the progression in cancer patients. In clinical practice C-reactive protein and
white blood cell counts has been measured for the assessment of systemic
inflammation.

Research frontiers

Recently, the identification of prognostic biomarkers to predict overall survival
and benefit of therapeutic modality is one of hot issues in cancer practice
because the prediction on prognosis for survival enables to decide the
treatment goal and to determine the treatment modality.

Innovations and breakthroughs

The value of this study was to compare all the available systemic inflammation
markers, modified glasgow prognostic score (mGPS), neutrophil lymphocyte
ratio, platelet lymphocyte ratio, lymphocyte monocyte ratio, and prognostic
nutritional index in metastatic colorectal cancer (mCRC) patients. Among
available markers, the mGPS and lymphocyte monocyte ratio were the
strongest prognostic factors to predict overall survival in mCRC patients.
Especially, the prediction on survival in relapsed or refractory mCRC patients
is important issue to determine the cancer treatment modality. There was none
study to compare the systemic inflammation markers for relapsed or refractory
mCRC patients.

Applications

Based on the result of this study, lymphocyte monocyte ratio (LMR) was the
powerful prognostic factors than well-known other systemic inflammation
markers. LMR showed consistent significance on the prediction for survival
after adjusting other markers. Calculating just with the counts of lymphocyte
and monocyte, LMR could be easily applied for the survival predictor in clinical
practice. The level of mGPS is also a significant predictor of overall survival,
especially mGPS 2 indicates the poor survival outcome.

Peer-review

Song et al reported, in 177 mCRC patients, the correlation between systemic
inflammation-based prognostic markers and overall survival. The authors
demonstrated the prognosis value of modified Glasgow Prognostic Score,
Lymphocyte Monocyte ratio, carbohydrate antigen 19-9, and aspartate
aminotransferase in stepwise modeling of multivariate proportional hazards
regression. Patients were mostly refractory mCRC. The strength of this study is
to have excluded patients with chemotherapy within 4 wk what could skew the
biological results. The results can help decision making in refractory mCRC and
selected patients for other chemotherapy regimen or best supportive care. The
results are well analyzed and described. All these prognostic markers can be
easy incorporated in everyday practice work.
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Abstract
AIM: To investigate whether long-term low-level
hepatitis B virus (HBV) DNA influences dynamic changes
of the FIB-4 index in chronic hepatitis B (CHB) patients
receiving entecavir (ETV) therapy with partial virological
responses.
METHODS: We retrospectively analyzed 231 nucleos
(t)ide (NA) naïve CHB patients from our previous study
(NCT01926288) who received continuous ETV or ETV
maleate therapy for three years. The patients were
divided into partial virological response (PVR) and
complete virological response (CVR) groups according
to serum HBV DNA levels at week 48. Seventy-six
patients underwent biopsies at baseline and at 48
wk. The performance of the FIB-4 index and area
under the receiver operating characteristic (AUROC)
curve for predicting fibrosis were determined for the
patients undergoing biopsy. The primary objective of
the study was to compare the cumulative probabilities
of virological responses between the two groups during
the treatment period. The secondary outcome was to
observe dynamic changes of the FIB-4 index between
CVR patients and PVR patients.
RESULTS: For hepatitis B e antigen (HBeAg)-positive
patients (n = 178), the cumulative probability of
achieving undetectable levels at week 144 was 95%
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and 69% for CVR and PVR patients, respectively (P
< 0.001). In the Cox proportional hazards model,
a lower pretreatment serum HBV DNA level was
an independent factor predicting maintained viral
suppression. The cumulative probability of achieving
undetectable levels of HBV DNA for HBeAg-negative
patients (n = 53) did not differ between the two
groups. The FIB-4 index efficiently identified fibrosis,
with an AUROC of 0.80 (95%CI: 0.69-0.89). For
HBeAg-positive patients, the FIB-4 index was higher
in CVR patients than in PVR patients at baseline (1.89
± 1.43 vs 1.18 ± 0.69, P < 0.001). There was no
significant difference in the reduction of the FIB-4
index between the CVR and PVR groups from weeks
48 to 144 (-0.11 ± 0.47 vs -0.13 ± 0.49, P = 0.71). At
week 144, the FIB-4 index levels were similar between
the two groups (1.24 ± 0.87 vs 1.02 ± 0.73, P =
0.06). After multivariate logistic regression analysis, a
lower baseline serum HBV DNA level was associated
with improvement of liver fibrosis. In HBeAg-negative
patients, the FIB-4 index did not differ between the
two groups.
CONCLUSION: The cumulative probabilities of HBV
DNA responses showed significant differences between
CVR and PVR HBeAg-positive CHB patients undergoing
entecavir treatment for 144 wk. However, long-term
low-level HBV DNA did not deteriorate the FIB-4 index,
which was used to evaluate liver fibrosis, at the end of
three years.
Key words: Chronic hepatitis B; Hepatitis B virus DNA;
Entecavir; Partial virological response; Liver fibrosis;
FIB-4 index
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Long-term entecavir therapy for patients
with chronic hepatitis B (CHB) can result in histological
improvement and regression of fibrosis substantially.
However, the relationship between the serum low level
hepatitis B virus (HBV) DNA and fibrosis is unclear
for CHB patients with partial virological response to
entecavir. Our study found that although the cumulative
probabilities of HBV DNA response showed a significant
difference between hepatitis B e antigen-positive CHB
patients with complete virological response and partial
virological response to 144 wk of entecavir treatment,
long-term low level HBV DNA did not deteriorate the
FIB-4, which was used to evaluate liver fibrosis, by the
end of three years.
Li N, Xu JH, Yu M, Wang S, Si CW, Yu YY. Relationship
between virological response and FIB-4 index in chronic hepatitis
B patients with entecavir therapy. World J Gastroenterol 2015;
21(43): 12421-12429 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12421.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12421
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INTRODUCTION
In the Asia-Pacific region, approximately 75 million
people die annually from end stage liver diseases
[1]
caused by hepatitis B virus (HBV) . Liver fibrosis and
cirrhosis are generally the inevitable and irreversible
stages of end stage liver diseases. A large prospective
cohort study (REVEAL-HBV study) in Taiwan and
several case-control studies have revealed that
progression to cirrhosis in chronic hepatitis B (CHB)
patients is closely related to the level of circulating
[2,3]
virus
. In addition, improvement in histological
grade is strongly associated with a decrease in serum
[4,5]
HBV DNA levels . Therefore, HBV replication can
be suppressed in a sustained manner, defined as a
reduction of serum HBV DNA to undetectable levels,
which is the ultimate goal for CHB treatment.
Entecavir (ETV) and tenofovir disoproxil fumarate
(TDF) have been suggested as the first-line nucleos
(t)ide (NA) therapy for CHB. TDF has not been widely
used in China because it only became available for
CHB treatment in 2014. Thus, ETV is the preferred
[6]
first-line agent in patients with NA-naive CHB .
Given that early HBV DNA responses to therapy can
strongly predict the results of long-term virological
responses, modification of the treatment schedule
is widely recommended for patients with partial
[7]
virological response (PVR) . However, in contrast to
the traditional guidelines, it has been suggested that it
is unnecessary to modify antiviral therapy (ETV) in PVR
[8]
patients, especially if the viral load at week 48 is low .
Long-term entecavir therapy for patients with CHB
can cause histological improvement and regression
[9,10]
of fibrosis
. However, the relationship between low
serum levels of HBV DNA and fibrosis is unclear for
CHB patients with PVR to ETV.
Liver biopsy is the gold standard in assessing liver
[11,12]
fibrosis in CHB patients
. However, liver biopsies
have limitations of invasiveness, high expense and
high sampling error. Thus, observing dynamic changes
in liver fibrosis is restricted. Non-invasive tests for
the evaluation of liver fibrosis have the advantages
of simplicity and repeatability. Although non-invasive
tests as an alternative to liver biopsies are restricted
either by the cost of the device or by the need for a
specific laboratory examination, some of the noninvasive tests have not been proven for the evaluation
[11]
of fibrosis in CHB . The FIB-4 index, a simple noninvasive test, combines age, alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and platelet
(PLT) to identify HBV-related fibrosis with a moderate
[13]
sensitivity . Therefore, both liver biopsies and the
FIB-4 index were used to assess liver fibrosis in this
study.
The goal of this study was to assess whether
persistence of low-level viral replication influences the
regression of liver fibrosis in CHB patients with PVR as
determined by the FIB-4 index.
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275 patients with CHB
ETV or ETV maleate therapy for 48 wk

Group A
(ETV, n = 136)

Group B
(ETV maleate, n = 139)

ETV maleate therapy from 49 wk to 144 wk

Excluded
lost to follow-up (n = 36)
baseline resistance (n = 8)

EASL-baseline critical (n = 231)

Complete virological responders
(n = 119)

Partial virological responders
(n = 112)

Figure 1 Flow chart illustrating patient selection and categorization based on EASL. CHB: Chronic hepatitis B; ETV: Entecavir; CVR: Complete virological
response; EASL-baseline critical: HBV DNA levels at week 48 in patients treated by entecavir.

MATERIALS AND METHODS
Study population

We retrospectively analyzed the clinical data for 275
CHB patients from our previous study from 2008
to 2014 (NCT01926288), which was a randomized,
double-blind, double-dummy, controlled, multi-center
[14,15]
study
. All patients were hepatitis B surface antigen
(HBsAg)-positive for at least 6 mo and NA-naive prior
to ETV treatment. Exclusion criteria were as follows:
co-infection with human immunodeficiency virus or
hepatitis C virus, liver cirrhosis, and hepatocellular
carcinoma. Patients were randomly assigned to receive
48 wk of treatment with 0.5 mg/d ETV (group A; n =
136) or 0.5 mg/d ETV maleate (group B; n = 139).
After 48 wk of treatment, ETV maleate showed similar
efficacy and safety profiles as entecavir. Therefore,
all patients were given ETV maleate treatment after
48 wk. Forty-four patients were excluded from the
study due to loss to follow-up (n = 36) and baseline
resistance (n = 8). A total of 231 patients were
eligible, and the ETV maleate treatment was continued
for three years (Figure 1). According to the European
guideline, the 231 patients were divided into PVR
and complete virological response (CVR) groups. The
definition of CVR to entecavir was HBV DNA being
undetectable at week 48, and PVR to entecavir was
defined as a > 1 log decline in HBV DNA from baseline
[6]
but a detectable viral load at week 48 .
The study was conducted in compliance with the
Declaration of Helsinki and in accordance with Good
Clinical Practice guidelines. The study was approved by
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the Institutional Review Board of Peking University First
Hospital. Informed consent was obtained from each
patient enrolled in the study. All patients undergoing
liver biopsy signed an informed medical consent form.

Method for response monitoring

All patients were prospectively monitored every 3 mo.
Serum ALT, AST and PLT levels were tested locally
with standard laboratory procedures. Serologic marker
analyses, including HBsAg, anti-HBsAg, hepatitis B
e antigen (HBeAg) and anti-HBe, were measured
by commercially available enzyme immunoassays
(Abbott Laboratories, Chicago, IL). Serum HBV DNA
was determined by a commercially available real-time
polymerase chain reaction assay (Cobas Ampliprep/
Cobas Taqman) with a lower limit of detection of 20
IU/mL.

Histologic assessment of liver fibrosis

Percutaneous liver biopsies were performed on 76 of
the 231 participants (33%) at baseline and at 48 wk.
All liver biopsies were obtained by the local doctor,
and liver histology was determined via the Ishak score
as assessed by two experienced pathologists who
were blinded to the patient details. All patients were
grouped into two fibrosis stages: mild and moderate
(Ishak fibrosis scores 0-3) and advanced (Ishak
[16]
fibrosis scores 4-6) .

Indirect markers of fibrosis

FIB-4 index was determined according to the following
[17,18]
published formula
: FIB-4 index = Age (years) ×
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Table 1 Baseline characteristics and virological responses at
week 48 between groups A and B

Table 2 Baseline characteristics of all populations with
respect to hepatitis B virus DNA response at week 48

P value

All patients

Group A

Group B

(n = 231)

(n = 112)

(n = 119)

Age (yr)
32.5 ± 10.1
Male (%)
172 (74.4)
ALT (IU/L)
113 ± 115
AST (IU/L)
64 ± 74
PLT (× 109/L)
167.7 ± 57.3
HBeAg-positive (%) 178 (77.0)
HBV DNA at
7.36 ± 1.20
baseline
(log10 IU/mL)
HBV DNA at week
1.81 ± 0.85
48 (log10 IU/mL)
HBV DNA-negative 111 (48.1)
(< 20 IU/mL)
HBeAg
19 (8.2)
seroconversion
in HBeAg-positive
patients
ALT normalization
176 (76.2)

32.6 ± 9.78
83 (74.1)
113 ± 117
65 ± 75
170.0 ± 53.9
89 (79.5)
7.38 ± 1.15

32.5 ± 10.4
89 (74.8)
113 ± 116
62 ± 67
165.7 ± 60.5
89 (74.8)
7.35 ± 1.25

0.96
0.99
0.75
0.74
0.56
0.43
0.11

1.74 ± 0.83

1.88 ± 0.87

0.08

54 (48.2)

56 (47.1)

0.86

10 (8.9)

9 (7.6)

0.71

Virological response at week 48

Age (yr)
Male (%)
ALT (IU/L)
AST (IU/L)
PLT (× 109/L )
HBeAg-positive (%)
HBV DNA
(log10 IU/mL)
Group A (%)
Genotype
B
C
FIB-4 index

CVR
(n = 119)
34.9 ± 10.9
78 (70.3)
120 ± 130
78 ± 87
160 ± 55
71 (64)
6.88 ± 1.23
55 (50)
56 (51.4)
65 (58.5)
2.01 ± 1.43

PVR
(n = 112)
30.2 ± 8.8
94 (80.8)
108 ± 88
57 ± 41
175 ± 58
107 (89)
7.78 ± 0.92
57 (47.5)
53 (48.6)
57 (47.5)
1.21 ± 0.76

P value
< 0.0011
0.16
0.05
0.0011
0.07
< 0.0012
< 0.0012
0.75
0.77

0.0031

1

85 (75.9)

91 (76.5)

0.91

Group A patients were treated with 0.5 mg/d ETV. Group B patients were
treated with 0.5 mg/d ETV maleate. ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; PLT: Platelet; HBV: Hepatitis B virus; HBeAg:
Hepatitis B e antigen.

9

1/2

AST (IU/L)/platelet count (10 /L) × ALT (IU/L) . The
values of the FIB-4 index were compared with the
Ishak fibrosis scores. A receiver operating characteristic
(ROC) curve for the FIB-4 index to assess liver fibrosis
was then developed in 152 person-times under biopsy.
Using the previously published cut-off for the FIB-4
index, patients were placed into two classes (FIB-4
[19]
index ≤ 1.45 and FIB-4 index >1.45) .

Study endpoints

The primary objective was to compare the cumulative
probabilities of the virological responses in the two
groups during the on-treatment follow-up period. The
secondary objective was to compare dynamic changes
of the FIB-4 index between CVR and PVR patients.

Statistical analysis

The cumulative probabilities of the virological res
ponses (HBV DNA < 20 IU/mL) were evaluated using
Kaplan-Meier analysis. Cox regression analysis was
used to determine which of the following baseline
factors were associated with complete virological
responses to ETV: age, sex, HBeAg status, viral load,
ALT/AST level and FIB-4 index. ROC curve analysis
was used to evaluate the diagnostic accuracy of the
FIB-4 index in predicting the extent of fibrosis (Ishak
scoring system). All statistical tests were two-sided,
and P < 0.05 was considered statistically significant.
SPSS version 13.0 (SPSS, Chicago, IL, United States)
was used for all statistical analyses.
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This difference was no longer significant after multivariate logistic
regression analysis; 2 The two groups still showed a significant
difference after multivariate logistic regression analysis. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; PLT: platelet; HBV:
hepatitis B virus; HBeAg: Hepatitis B e antigen.

RESULTS
Baseline characteristics of the study population

The baseline characteristics and virological responses
of the study population treated with ETV or ETV
maleate are shown in Table 1. Of the 231 subjects
in this study, 74.4% were male, and the mean age
was 32.5 years. The mean HBV DNA level was 7.36
log10 IU/mL, the mean ALT level was 152.0 IU/L, and
77.0% of patients were HBeAg-positive. At week 48,
there were no significant differences in HBV DNA level,
normalization of ALT and HBeAg loss among HBeAgpositive patients between groups A and B. Due to the
efficacy of ETV maleate, all patients were treated with
ETV maleate from week 48.
The clinical characteristics of patients with CVR and
PVR are shown in Table 2. CVR patients were older
compared with PVR patients (P < 0.001). Baseline
serum HBV DNA levels (P < 0.001) and the proportion
of HBeAg-positive patients (P < 0.001) were higher
in PVR than in CVR patients. Pretreatment serum AST
levels (P = 0.002) and FIB-4 index scores (P < 0.001)
were higher in CVR patients than in PVR patients.
After adjusting for covariates by multivariate logistic
regression analysis, pretreatment serum HBV DNA
levels and the proportion of HBeAg-positive patients
still showed significant differences between the two
groups. All other baseline characteristics did not differ
between the groups.
The clinical characteristics of the 178 HBeAgpositive and 53 HBeAg-negative patients are shown in
Table 3. In HBeAg-positive patients, there were more
males in the PVR group than in the CVR group (P =
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Table 3 Baseline characteristics of 178 hepatitis B e antigen-positive and 53 hepatitis B e antigen-negative patients with respect to
hepatitis B virus DNA response at week 48
HBeAg-positive (n = 178)

Age (yr)
Male n (%)
ALT (IU/L)
AST (IU/L)
PLT (× 109/L)
HBV DNA
(log10 IU/mL)
Group A, n (%)
FIB-4 index

HBeAg-negative (n = 53)

CVR
(n = 71)
32.1 ± 9.9
49 (69)
121 ± 143
82 ± 88
158 ± 53
7.26 ± 1.05

PVR
(n = 107)
29.7 ± 8.7
88 (82)
107 ± 90
56 ± 42
175 ± 58
7.92 ± 0.89

P value

PVR
(n = 5)
35.2 ± 11.7
6 (46)
120 ± 74
67 ± 92
181 ± 75
6.62 ± 0.87

P value

0.09
0.041
0.108
0.0021
0.05
0.0011

CVR
(n = 48)
39.2 ± 10.3
29 (72)
118 ± 124
73 ± 76
163 ± 58
6.32 ± 1.29

39 (55)
1.89 ± 1.43

51 (47)
1.18 ± 0.69

0.34
0.0011

19 (39)
2.17 ± 1.44

4 (80)
1.92 ± 1.67

0.08
0.84

0.22
0.08
0.89
0.75
0.97
0.15

1

This difference was no longer significant after multivariate logistic regression analysis; 2The two groups still showed a significant difference after
multivariate logistic regression analysis. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PLT: platelet; HBV: hepatitis B virus; HBeAg:
Hepatitis B e antigen.

A

B

Complete virological responders
Partial virological responders

1.0

P < 0.001

0.8

Cumulative rate of
virological response (%)

Cumulative rate of
virological response (%)

1.0

0.6
0.4
0.2
0.0

0.8

P = 0.35

0.6
0.4
0.2
0.0

0

24

48

72

96

120

144

0

Duration of ETV therapy (wk)

24

48

72

96

120 144

Duration of ETV therapy (wk)

Figure 2 Kaplan-Meier analysis of the cumulative rate of virological response for hepatitis B e antigen-positive (A) or -negative (b) patients between
complete virological response and partial virological response groups.

0.04). Baseline serum HBV DNA levels were lower in
CVR patients than in PVR patients (7.26 ± 1.05 vs 7.92
± 0.89, P < 0.001). In the CVR group, pretreatment
serum AST and the FIB-4 index were higher than
those in PVR patients (P < 0.01). However, after
adjusting for significant covariates in the univariate
analysis, these differences were no longer significant.
There were no significant differences in the baseline
characteristics of HBeAg-negative patients between
groups.

Virological responses and predictive factors in HBeAgpositive and HBeAg-negative patients

The overall cumulative probabilities of maintained viral
suppression at years 1, 2 and 3 were 48.1%, 70.6%
and 81.3%, respectively. In HBeAg-positive patients
(n = 178), the cumulative probabilities of achieving
undetectable levels at weeks 48, 96 and 144 were
42%, 67% and 80%, respectively. In the KaplanMeier analysis for HBeAg-positive patients, there was

WJG|www.wjgnet.com

a significant difference in the cumulative probability of
achieving undetectable levels at week 144 between the
CVR and PVR groups (95% vs 69%, P < 0.001; Figure
2A). In the Cox proportional hazards model, lower
pretreatment and week 48 serum HBV DNA levels
were the independent factors predicting maintained
viral suppression (Table 4).
The cumulative probabilities of HBV DNA responses
in HBeAg-negative patients (n = 53) at weeks 48, 96
and 144 were 87%, 100% and 100%, respectively
(Figure 3). Conversely, the cumulative probabilities of
achieving undetectable levels of HBV DNA at week 144
for HBeAg-negative patients were similar between the
two groups (Figure 2b).

Comparison between the FIB-4 index and liver biopsy
results

In patients with significant fibrosis (Ishak scores
4-6), the FIB-4 index was significantly higher when
compared with patients with no/mild fibrosis (Ishak
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A

Table 4 Multivariate analysis of factors predicting maintained
viral suppression in relation to virological response at week
48 using the Cox proportional hazard model in hepatitis B e
antigen-positive patients

FIB-4 index at baseline

6.00

Maintained viral suppression at week 144
Age (yr)
Sex
ALT (IU/L)
AST (IU/L)
PLT (× 109/L )
HBeAg-positive
Baseline HBV DNA
(log10 IU/mL)
HBV DNA at week 48
(log10 IU/mL)
FIB-4 index

HR

95%CI

P value

1.008
0.927
1.000
1.001
0.998
1.326
0.781

0.98-1.04
0.694-1.325
0.997-1.004
0.994-1.000
0.994-1.000
0.918-1.916
0.678-0.900

0.54
0.68
0.81
0.77
0.40
0.13
< 0.001

0.768

0.694-0.993

< 0.001

0.737

0.452-1.199

0.22

5.00
4.00
3.00
2.00
1.00
0.00

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PLT:
Platelet; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

1.00

n

B

P < 0.001

0

1

2

3
Fibrosis

4

5

6

15

21

8

4

4

4

4

0

1

2

3
Fibrosis

4

5

6

25

19

13

12

2

3

2

7.00
6.00

0.75

FIB-4 index at week 48

Cumulative rate of
virological response (%)

7.00

0.50
HBeAg-negative

0.25

HBeAg-positive

0.00
0

24

48

72

96

120

4.00
3.00
2.00

144
1.00

Duration of ETV therapy (wk)

Figure 3 Kaplan-Meier curve for the probability of achieving virological
response according to hepatitis B e antigen status at baseline.

0.00

scores 0-3) (Figure 4a). After 48 wk of ETV therapy,
the FIB-4 index was reduced significantly (Figure 4b).
The FIB-4 index did not show a significant difference
among the Ishak scores 0-3 (p = 0.76). There was
also no significant difference among the Ishak scores
4-6 (p = 0.17). The FIB-4 index showed a significant
difference between Ishak scores 0-3 and Ishak
scores 4-6 (P < 0.001). The FIB-4 index efficiently
identified fibrosis, with an area under the ROC curve
of 0.80 (95%CI: 0.69-0.89; Figure 5). The sensitivity,
specificity, PPV and NPV for the FIB-4 index were 0.95,
0.60, 0.25 and 0.64, respectively.

dynamic changes of FIB-4 index and predictive factors

Compared with PVR patients, the FIB-4 index was
higher for CVR patients at baseline in HBeAg-positive
patients (1.18 ± 0.69 vs 1.89 ± 1.43, P < 0.001).
The changes in the FIB-4 index were higher in CVR
patients than in PVR patients from baseline to week

WJG|www.wjgnet.com

5.00

n

Figure 4 Box plots of FIB-4 index according to Ishak score at baseline (a)
or at week 48 (b). The FIB-4 index did not show a significant difference among
Ishak scores 0-3 (p = 0.76). There was also no significant difference among
Ishak scores 4-6 (p = 0.17). The FIB-4 index show a significant difference
between Ishak scores 0-3 and Ishak scores 4-6 (P < 0.001). The value of FIB-4
index decreased dramatically from baseline to week 48.

144 (0.64 ± 1.25 vs 0.15 ± 0.72, P = 0.004). From
week 48 to 144, the FIB-4 index was not significantly
reduced between the CVR and PVR groups (-0.11 ±
0.47 vs -0.13 ± 0.49, P = 0.71). At week 144, the
levels of the FIB-4 index were similar between the
two groups (1.24 ± 0.87 vs 1.02 ± 0.73, P = 0.06).
After the multivariate logistic regression analysis,
lower baseline serum HBV DNA level was associated
with improvement of liver fibrosis. In HBeAg-negative
patients, dynamic changes of the FIB-4 index did not
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1.00

ROC curve

Sensitivity

0.75
0.50
Source of the curve
FIB-4

0.25

Reference line
0.00
0.00

0.25

0.50

0.75

1.00

1-specificity

Figure 5 receiver operating characteristic curve for FIB-4 index in
identifying fibrosis (Ishak score) in the total cohort (n = 152). FIB-4 had an
area under the receiver operating characteristic curve of 0.80. ROC: Receiver
operating characteristic.

differ between the two groups (Table 5).

Comparison of the dynamic changes of FIB-4 index
according to the virological state at 144 wk

According to the level of HBV DNA at week 144, the
178 HBeAg-positive patients were divided into two
groups (groups a and b). The patients who achieved
undetectable level of HBV DNA was classified as group
a (n = 120), the other patients was defined as group b
(n = 58). At baseline, the FIB-4 index did not show a
significant difference between groups a and b (1.56 ±
1.14 vs 1.27 ± 0.99, P = 0.11). The dynamic changes
of FIB-4 index did not differ from baseline to week 144
between groups a and b (0.44 ± 0.99 vs 0.17 ± 0.98,
P = 0.09). At week 144, the FIB-4 index also did not
show a significant difference between groups a and b
(1.12 ± 0.81 vs 1.10 ± 0.78, P = 0.89) (Table 6).

DISCUSSION
Even with prolonged ETV monotherapy for 3 years,
we found that the cumulative response rates of HBV
DNA in HBeAg-positive chronic hepatitis B patients at
week 144 were significantly lower for PVR patients to
ETV than for CVR patients. Lower pretreatment serum
HBV DNA levels were an independent factor predicting
maintained viral suppression and contributed to a
greater FIB-4 index reduction by entecavir therapy.
Although the degree of fibrosis regression was higher
in the CVR group than in the PVR group, the mean
values of the FIB-4 index were similar and less than
1.45 in the two groups by the end of therapy.
A study in a large cohort of NA-naive CHB patients
treated with ETV monotherapy has shown that longterm ETV therapy leads to a VR for patients with both
primary response and nonresponse according to EASL
[20]
and AASLD . The definitions of primary response
or nonresponse for the cohort study were based on
data from studies of less potent drugs with a higher
[21,22]
risk of antiviral resistance
. The study suggested
that changing the therapeutic scheme in patients

WJG|www.wjgnet.com

with a primary nonresponse should depend on drug
differences in antiviral potency and resistance risk.
[23]
Wong et al
reported that CVRs to ETV at week 48
(HBV DNA < 20 IU/mL) could predict the probability
of maintained virological suppression at 3 years.
Therefore, patients were stratified on the basis of
serum HBV DNA levels at week 48.
[8]
Zoutendijk et al found that HBV DNA was reduced
to undetectable levels (HBV DNA < 80 IU/mL) in
the majority of patients with partial VR (84%) after
prolonged treatment with ETV. However, our study
found that only 58 of the 112 PVR patients to ETV
(52%) achieved undetectable HBV DNA levels (HBV
DNA < 20 IU/mL) at 144 wk. The differences were
likely due to the proportion of HBeAg-positive patients,
which was higher in our patients than the above study
(95.5% vs 77.7%). For HBeAg-positive patients, the
cumulative probability of achieving VR at week 144
was lower than in HBeAg-negative patients (80% vs
100%).
Our study found that the FIB-4 index efficiently
identified fibrosis, with an area under the ROC curve
of 0.80. In addition, the Ishak score and FIB-4 index
were similar in evaluating liver fibrosis at baseline and
at week 48. Therefore, the FIB-4 index was identified
as a non-invasive method to assess fibrosis in our
study. The level of the FIB-4 index at baseline and the
changes of the FIB-4 index from baseline to week 144
for HBeAg-positive patients were significantly higher in
CVR patients than in PVR patients. Compared with PVR
patients, especially for HBeAg-positive patients, CVR
patients were characterized by older age, elevated
AST, and lower HBV DNA levels. This indicates that
patients with higher FIB-4 index values and lower HBV
DNA levels at baseline could have better improvement
[24]
in the FIB-4 index after receiving ETV therapy .
[25]
Xie et al
also showed that serum ALT, serum HBV
DNA levels and age were associated with significant
fibrosis in HBeAg-positive patients. Liver fibrosis
progression and viral load suppression are caused by
[26]
T cell-mediated immune responses . If the immune
response induced by T cells is strong, naïve chronic
hepatitis B patients will respond better to ETV therapy.
Because of nearly half of PVR patients (45%, n = 49)
whose HBV DNA levels were undetectable at week 144
in the HBeAg-positive group, it is necessary to evaluate
the dynamic changes of FIB-4 index according to the
level of HBV DNA at week 144. The dynamic changes
of FIB-4 index did not show a significant difference.
Because of the low level of HBV DNA at baseline in
HBeAg-negative patients, the cumulative probability
of maintained viral suppression and dynamic changes
of the FIB-4 index were similar between CVR patients
and PVR patients.
There are several limitations in our study. The main
limitations of this study were retrospective nature,
the short duration of observation during entecavir
treatment and too small sample of patients who
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Table 5 Comparison of FIB-4 index between complete virological response and partial virological response groups from baseline to 144 wk
HBeAg-positive (n = 178)
0 wk
48wk
144 wk
48-144 wk
0-144 wk

HBeAg-negative (n = 53)

CVR (n = 71)

PVR (n value = 107)

P value

CVR (n = 48)

PVR (n = 5)

P value

1.89 ± 1.43
1.20 ± 0.81
1.24 ± 0.87
-0.11 ± 0.47
0.64 ± 1.25

1.18 ± 0.69
0.94 ± 0.57
1.02 ± 0.73
-0.13 ± 0.49
0.15 ± 0.72

< 0.001
0.007
0.06
0.71
0.004

2.17 ± 1.44
1.50 ± 0.89
1.49 ± 0.90
-0.02 ± 0.34
0.68 ± 0.95

1.92 ± 1.66
1.52 ± 0.82
1.12 ± 0.44
-0.07 ± 0.38
0.81 ± 1.25

0.71
0.79
0.37
0.44
0.79

HBeAg: Hepatitis B e antigen; CVR: Complete virological response; PVR: Partial virological response.

a simple non-invasive test has the ability to identify HBV-related fibrosis with a
moderate sensitivity.

Table 6 Comparison of FIB-4 index between groups a and b
from baseline to 144 wk
Group a (n = 120)

Group b (n = 58)

P value

1.56 ± 1.14
1.12 ± 0.81
0.44 ± 0.99

1.27 ± 0.99
1.10 ± 0.78
0.17 ± 0.98

0.11
0.89
0.09

0 wk
144 wk
0-144 wk

Innovations and breakthroughs

Group a: HBV DNA was undetectable at week 144; Group b: HBV DNA
was still detectable at week 144.

underwent liver biopsies. Thus, long-term followup assessments are ongoing. Further studies with
larger liver biopsies are necessary to remedy these
shortcomings and to elucidate the long-term outcomes
of ETV treatment. In addition, the study did not
observe the dynamic changes of liver inflammation in
chronic hepatitis B patients with entecavir therapy and
the changes of FIB-4 index have not been reported in
the proportion of immunotolerant and immunoactive
patients. In the later study, we will observe the
changes of FIB-4 index and liver inflammation in the
immunotolerant and immunoactive patients infected
with HBV.
In conclusion, although the cumulative probabilities
of HBV DNA responses showed significant differences
between CVR and PVR patients after treatment with
entecavir for 144 wk, the FIB-4 index, which was used
to evaluate liver fibrosis, did not differ until the end of
the observation period. Entecavir therapy resulted in
the reversal of fibrosis in CHB patients, especially in
HBeAg-positive patients with CVR and HBeAg-negative
patients. Long-term low-level HBV DNA in PVR patients
did not deteriorate the FIB-4 index at the end of 3
years.
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Abstract
AIM: To determine risk factors associated with
hepatitis C virus (HCV) treatment failure after direct
acting antivirals in patients with complex treatment
histories.
METHODS: All HCV mono-infected patients who
received treatment at our institution were queried.
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Analysis was restricted to patients who previously
failed treatment with boceprevir (BOC) or telaprevir
(TVR) and started simeprevir (SMV) and sofosbuvir
(SOF) ± ribavirin (RBV) between December 2013 and
June 2014. Patients with human immunodeficiency
virus (HIV)/HCV co-infection or patients who received
a liver transplant in the past were excluded. Viral
loads were recorded while on treatment and after
treatment. Data collection continued until December,
st
31 2014 when data analysis was initiated. Patients
missing virologic outcomes data were not included in
the analysis. Analysis of 35 patients who had virologic
outcome data available resulted in eight patients who
were viral load negative at the end of treatment with
SMF/SOF but later relapsed. Data related to patient
demographics, HCV infection, and treatment history
was collected in order to identify risk factors shared
among patients who failed treatment with SMF/SOF.
RESULTS: Eight patients who were treated with the
first generation HCV protease inhibitors BOC or TVR in
combination with pegylated-interferon (PEG) and RBV
who failed this triple therapy were subsequently retreated with an off-label all-oral regimen of SMV and
SOF for 12 wk, with RBV in seven cases. Treatment
was initiated before the Food and Drug Administration
approved a 24-wk SMV/SOF regimen for patients
with liver cirrhosis. All eight patients had an end of
treatment response, but later relapsed. Eight (100%)
patients were male. Mean age was 56 (range, 49-64).
Eight (100%) patients had previously failed PEG/
RBV dual therapy at least once in addition to prior
failure with triple therapy. Total number of times
treated ranged from 3-6 (mean 3.8). Eight (100%)
patients were male had liver cirrhosis as determined
by Fibroscan or MRI. Seven (87.5%) patients had
genotype 1a HCV. Seven (87.5%) patients had over 1
million IU/mL HCV RNA at the time of re-treatment.
CONCLUSION: This study identifies factors associated
with SMV/SOF treatment failure and provides evidence
that twleve weeks of SMV/SOF/RBV is insufficient in
cirrhotics with high-titer genotype 1a HCV.
Key words: Hepatitis C; Protease inhibitor; Relapse;
Simeprevir; Sofosbuvir; Treatment failure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Direct acting antivirals are revolutionizing the
treatment of chronic hepatitis C (HCV) infection, but
are also increasing the number of patients who have
failed multiple rounds of treatment. Information about
these patients is needed to plan salvage treatment
strategies. We present eight patients who failed
treatment with the first generation protease inhibitors
and subsequently failed treatment with simeprevir
and sofosbuvir. Their shared characteristics include
a history of failed treatment with interferon/ribavirin
and liver cirrhosis. Seven had genotype 1a HCV and a
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high viral load. Our findings suggest that patients with
cirrhosis and high viral load remain hard-to-treat.
Hartman J, Bichoupan K, Patel N, Chekuri S, Harty A, Dieterich
D, Perumalswami P, Branch AD. Re-re-treatment of hepatitis
C virus: Eight patients who relapsed twice after direct-actingantiviral drugs. World J Gastroenterol 2015; 21(43): 12430-12438
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i43/12430.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i43.12430

INTRODUCTION
Over 170 million people worldwide have chronic
[1,2]
hepatitis C virus (HCV) infection . HCV is a leading
cause of liver-related mortality and is now responsible
for more deaths than human immunodeficiency virus
[3,4]
(HIV) infection in the United States . The goal of
treatment is to achieve a sustained virologic response
(SVR), defined as undetectable HCV viral load 12 or 24
[5]
wk after the end of treatment . Patients who achieve
an SVR have decreased morbidity and mortality
[6]
compared to null responders . For many years, the
standard of care (SOC) for chronic HCV infection
was dual therapy with pegylated-interferon (PEG)
[7]
and ribavirin (RBV) , but much less toxic and more
[8]
effective regimens are available now . Information
about the performance of new agents in various
subgroups of patients is needed to optimize care.
Direct acting antiviral (DAA) drugs for HCV target
specific viral proteins. The first DAAs to receive Food
and Drug Administration (FDA) approval, boceprevir
(BOC) and telaprevir (TVR), inhibit the HCV serine
[7]
protease, NS3/4A . BOC and TVR have several
shortcomings, however, including their need to be
combined with PEG and RBV, a relatively low barrier
to resistance, toxicity, and poor activity against non[9]
genotype 1 HCV . Newer DAAs include sofosbuvir
(SOF), a NS5B polymerase inhibitor, and simeprevir
(SMV), a second phase NS3/4A protease inhibitor
[10-12]
(PI)
. These medications were approved in the
United States in late 2013 and were recommended
as first-line agents in the January 2014 AASLD/IDSA
[13]
practice guidelines . Early studies of therapeutic
regimens containing these agents reported SVR12
[12,14-17]
rates ranging from 93%-100%
. The success of
[18]
these antivirals was very encouraging ; however, the
efficacy of the newer DAAs has not been extensively
studied in patients with advanced liver disease and
complex treatment histories, including those previously
exposed to BOC and/or TVR.

MATERIALS AND METHODS
We examined a cohort of 47 HCV mono-infected
patients who previously failed TVR or BOC and started
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SMV/SOF ± RBV between December 2013 and June
2014. All patients had genotype 1 HCV. All patients
received at least one dose of any HCV medication.
Patients with HIV/HCV co-infection or patients who
received a liver transplant in the past were excluded.
Viral loads were recorded for each patient while
on-treatment and after treatment. Data collection
st
continued until December, 31 2014 when data
analysis was initiated. The analysis was restricted to
35 patients who had virologic outcomes data available.
Patients missing virologic outcomes data were not
included in the analysis.
Eight patients (described in detail below) who
were viral load negative at the end of treatment (EOT)
with SMV/SOF later relapsed. The present study was
conducted with approval of the Mount Sinai IRB in
compliance with the Helsinki accord. Following the
case presentations, the use of DAAs in patients with
complex histories is reviewed, and suggestions for
optimizing HCV treatment in the future are presented.

RESULTS
Case 1

Case 1 is a 60-year-old white male with no significant
medical history prior to being diagnosed with HCV
genotype 1a in 1978. His risk factor for acquisition
of HCV was intravenous drug use in the 1970s. He
was previously a non-responder to PEG/RBV during
two rounds of treatment. He was treated with
PEG/RBV for a third time in 2009 after undergoing
chemotherapy with cyclophosphamide, doxorubicin,
vincristine, prednisone, and rituximab for treatment
of non-Hodgkin’s B-cell lymphoma. Prior to starting
treatment, his viral load was 3300000 IU/mL. At
week 4, he had a 1-log drop in viral load (to 567910
IU/mL); however, by week 9, his viral load had
increased and remained elevated so treatment was
stopped. In 2011, a FibroScan has a score of 22 kPa,
consistent with cirrhosis and he was treated with
TVR/PEG/RBV. He had a rapid virological response
(RVR) with undetectable viral load at week 4 (Figure
1a) that remained undetectable for the remainder of
eight weeks of TVR-based triple therapy, however, the
viral load was 169000 IU/mL at week 18 of PEG/RBV
(five weeks after he completed TVR). Treatment was
again stopped. A repeat FibroScan in 2013 suggested
worsening cirrhosis (26 kPa) but he remained well
compensated. In December, 2013, he began treat
ment with an off-label all-oral regimen of SMV/SOF/
RBV. After 4 wk of treatment, his viral load went
from 1449160 IU/mL to undetectable and remained
undetected throughout the 12 wk of treatment. Four
weeks post-EOT the viral load was 166684 IU/mL,
indicating relapse.

Case 2

Case 2 is a 49-year-old white male with no significant
medical history prior to being diagnosed with HCV
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genotype 1b in 1993 at the age of 28. His risk factor
for acquisition of HCV was a blood transfusion during
surgery in his late teens for a sports-related injury.
He was first treated in 2011 with TVR/PEG/RBV;
however, he stopped TVR after two weeks due to a
severe, diffuse rash. He continued PEG/RBV for a
total of 12 wk but never had an undetectable HCV
viral load. In 2012, his FibroScan was consistent
with cirrhosis (33.3 kPa) but he had no evidence of
decompensated liver disease. He was started on BOC
after a 4-wk lead in with PEG/RBV. The viral load prior
to initiation of treatment was 410332 IU/mL (Figure
1b). At week 8 (BOC week 4), he reported a small
rash over the legs and arms, dysgeusia, and flu-like
symptoms. His continued treatment and his viral load
became undetectable at week 16 and remained so
through week 48. Four weeks post-EOT, he relapsed
with a viral load of 766 IU/mL. In January 2014, he
was started on SOF/SMV/RBV, with a viral load of
180020 IU/mL. During the first two weeks of therapy,
his viral load was below 43 IU/mL and after 6 wk the
viral load was undetectable. Despite his viral load
remaining undetectable for the remainder of therapy,
he had a viral load of 370430 IU/mL at 4 wk post-EOT,
indicating relapse.

Case 3

Case 3 is a 54-year-old white male with no significant
medical history prior to being diagnosed with HCV
genotype 1a in 2006. His risk factor for acquisition of
HCV was a tattoo that he received over 30 years prior
to diagnosis. A liver biopsy in 2006 demonstrated
cirrhosis. He was treated with PEG/RBV in 2006 at
an outside institution but had difficulty tolerating
this regimen due to side effects so treatment was
stopped. He was re-treated with PEG/RBV in 2008 for
20 wk and was a partial responder. In 2011, he began
treatment with TVR/PEG/RBV and remained on this
regimen for 12 wk, although his viral load remained
detectable (Figure 1c). In 2013, routine surveillance
imaging revealed a 2.0 cm mass consistent with
hepatocellular carcinoma. He received transcatheter
arterial chemoembolization and then CT-guided
thermal ablation of the lesion. Follow-up imaging
showed complete ablation of the tumor and no
recurrence. A FibroScan later that year was consistent
with cirrhosis (32.8 kPa). He required diuretics for
minimal ascites but was otherwise well compensated.
He was started on treatment with SOF/SMV/RBV in
2014, with a viral load of 10349963 IU/mL. Two weeks
after starting therapy, his viral load was 1363 IU/mL.
The viral load dropped to less than 43 IU at week 6
and was undetectable for the remainder of therapy;
however 6 wk post-EOT, his viral load was 1588696
IU/mL, indicating relapse.

Case 4

Case 4 is a 50-year-old African American male with
a history of diabetes mellitus, hypertension, major
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depression, substance abuse requiring inpatient
rehabilitation, and HCV genotype 1a. His risk factor
for acquisition was being incarcerated multiple times
in the 1980s. He was treated once with PEG/RBV
at an outside center without achieving an SVR. In
2009, he was re-treated with PEG/RBV. The course
was complicated by severe, symptomatic anemia for
which he was treated with Epoetin alpha; however,
HCV treatment was stopped at 46 wk as he was again
a non-responder. Later, an abdominal MRI revealed
cirrhosis and portal hypertension. In 2011, he began
PEG/RBV/TVR, with a viral load of 11361480 IU/mL.
Treatment was complicated by symptomatic anemia,
thrombocytopenia, and hemorrhoidal bleeding. He was
again prescribed Epoetin. At 4 wk of treatment, the
viral load dropped to 152172 IU/mL, a 2-log decrease.
Given this response, treatment was continued;
however, at week 8, the viral load was 1557865 IU/mL
so treatment was stopped early (Figure 1d). In 2014,
he was started on SOF/SMV/RBV with a viral load of
7753010 IU/mL. After 4 wk, the viral load dropped to
1629 IU/mL and then became undetectable after 8 wk
and remained so throughout the 12 wk of treatment.
Four weeks post-EOT, his viral load was 808797 IU/
mL, indicating relapse.

Case 5

Case 5 is a 63-year-old white male with congenital
absence of one kidney, hypertension, and HCV
genotype 1a diagnosed in 2007. His risk factor for
acquisition of HCV was intravenous drug use decades
prior to diagnosis. He was first treated with PEG/RBV
at another institution soon after diagnosis but was
a non-responder. In 2011, after a FibroScan was
consistent with cirrhosis (17 kPa), he was treated
with PEG/RBV/TVR. Eight weeks after starting, the
medication regimen was discontinued due to acute
kidney injury attributed to dehydration requiring
hospitalization for intravenous fluid hydration (Figure
1e). Months later, a FibroScan was consistent with
worsening cirrhosis (34.3 kPa), although he remained
well compensated. He was treated in November 2012
with PEG/RBV/BOC but was a non-responder. He
began treatment with SOF/SMV/RBV in 2014, with
a viral load of 8450674 IU/mL. After 4 wk, the viral
load was undetectable and remained so throughout
treatment. At 12 wk post-EOT, his viral load was
9485523 IU/mL, indicating late relapse.

Case 6

Case 6 is a 53-year-old white male with no significant
past medical history prior to being diagnosed with HCV
genotype 1a in 2005. His risk factor for acquisition
of HCV was a blood transfusion after a motor vehicle
accident in Puerto Rico during his childhood. He had
previously been treated with PEG/RBV at an outside
center, which was discontinued early due to a severe
episode of depression. He underwent treatment with
PEG/RBV/TVR in 2012 but treatment was stopped
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after eight months due to virologic breakthrough.
While awaiting new therapies, he underwent an MRI
of the abdomen in 2013 that demonstrated changes
consistent with cirrhosis and mild portal hypertension
but no ascites or hepatocellular carcinoma. In February
2014, his viral load was 2429839 IU/mL (Figure 1f).
He subsequently began treatment with a 12 wk course
of SOF/SMV. Labs at week 4 and week 8 of treatment
revealed an undetectable viral load. He remained viral
load negative after completing treatment, however he
had a viral load of 744508 IU/mL 12 wk post-EOT with
SOF/SMV, indicating relapse.

Case 7

Case 7 is a 64-year-old white male with no significant
medical history prior to being diagnosed with HCV
genotype 1a (unknown risk factor). He was first
treated in 2010 with PEG/RBV but treatment was
stopped after six-months as he was a non-responder.
After an abdominal MRI in 2011 revealed cirrhosis
and portal hypertension, he underwent treatment
with TVR/PEG/RBV. Prior to initiation of therapy, his
viral load was 3732211 IU/mL. At treatment week
2, his viral load was 4614 IU/mL, which increased to
45205 IU/mL at week 4 (Figure 1g). Triple therapy
was discontinued after six weeks of treatment. In
2014, he was started on a 12 wk course of SOF/SMV/
RBV. His viral load decreased from 5448450 IU/mL
to 49 IU/mL at week 4 of treatment. His viral load
subsequently became undetectable and remained
undetectable through 12 wk of treatment. At four
weeks post-EOT, his viral load was 2166059 IU/mL,
indicating relapse.

Case 8

Case 8 is a 54-year-old African-American male with
a history of hypertension and HCV genotype 1a
(risk factor unknown). He had previously failed four
courses of PEG/RBV at an outside institution. In 2011,
a FibroScan indicated cirrhosis (23.1 kPa). After FDA
approval of PIs, he was started on treatment with
TVR/PEG/RBV. Viral load prior to starting was 4512245
IU/mL. He initially had a decrease in viral load to 359
IU/mL at week 4 and 224 IU/mL at week 8 (Figure
1h). Treatment course was complicated by anemia
treated with Epoetin alpha. He completed 12 wk of
TVR but had a viral load of 63858 IU/mL at week 20,
so treatment was discontinued. He was monitored
throughout 2013 with a FibroScan showing worsening
cirrhosis (26.3 kPa). In 2014, he was started on a
12 wk course of SOF/SMV/RBV with a viral load of
3108263 IU/mL. His viral load became undetectable at
week 5 and remained so throughout the remainder of
treatment. At week 4 post-EOT, he had a viral load of
491287 IU/mL, indicating relapse (Table 1).

DISCUSSION
As DAA drug treatments for HCV gain widespread
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Table 1 Demographics and treatment history for eight male cases
Case

Race

1

White

60

1a

2

White

49

1b

3

White

54

1a

African 50
American
White
63

1a

White
53
White
64
African 54
American

1a
1a
1a

4
5
6
7
8

Age Genotype

1a

Test to
diagnose
cirrhosis

IL-28b

Duration
RBV
Prior PI Time interval Viral load prior
Number of
Total number
of
used
to SMV/SOF
of times treated times treated treatment between PI
with treatment
and SMV/ treatment (IU/
with PEG/RBV
(including
(wk)
SM/SOF
mL)
SOF (mo)
dual therapy
DAAs)

Fibroscan
CT
(24 kPa)
Fibroscan Unknown
(33.3 kPa)
Fibroscan Unknown
(32.8 kPa)
MRI
TT

5

3

TVR

30

1449160

Yes

12

3

0

TVR, BOC

19

180020

Yes

12

4

2

TVR

26

10349963

Yes

12

4

2

TVR

25

7753010

Yes

12

Fibroscan
(34.3 kPa)
MRI
MRI
Fibroscan
(26.3 kPa)

Unknown

4

1

TVR, BOC

12

8450674

Yes

12

Unknown
Unknown
Unknown

3
3
6

1
1
4

TVR
TVR
TVR

-28
31

2429839
5448450
3108263

No
Yes
Yes

12
12
12

DAA: Direct acting antiviral; PEG: Pegylated-interferon; RBV: Ribavirin; PI: Protease inhibitor; SOF: Sofosbuvir; SMV: Simeprevir; TVR: Telaprevir; BOC:
Boceprevir; CT: Computed tomography; MRI: Magnetic resonance imaging.

use, the number of patients who have failed multiple
rounds of treatment will inevitably increase. This study
provides data about eight patients who relapsed after
12 wk of treatment with SOF/SMV (RBV). Information
about their shared characteristics helps to identify
patients at high risk of failure, raises questions about
what pre-treatment testing might be done in the
future to optimize outcomes for patients with complex
treatment histories, and highlights the need for future
research to determine optimal salvage strategies. The
cases have several features in common. All were male
and all had cirrhosis. All had previously failed both dual
therapy (PEG/RBV) and PI-based (TVR or BOC) triple
therapy. Seven had genotype 1a HCV and seven had
an HCV viral load over 1 million IU/mL at the time of
re-re-treatment. Several of these shared features may
have contributed to the most recent treatment failure.
Liver cirrhosis has been associated with treatment
failure for many years. With PEG/RBV dual therapy,
SVR rates were lower in patients with compensated
cirrhosis than in those without cirrhosis, particularly
among patients with genotype 1 HCV in whom SVR
[18-20]
rates were about 20% lower in cirrhotics
. Patients
with advanced fibrosis/cirrhosis accounted for 9%-48%
[14,21-24]
of patients enrolled in the larger trials of PIs
.
The REALIZE trial, which had the highest proportion of
patients with advanced fibrosis and cirrhosis (48%),
found SVR rates were inversely related to the stage of
fibrosis, with 75% in mild fibrosis, 67% in advanced
fibrosis, and 47% in cirrhosis after treatment with
PEG/RBV. Additionally, relapse rates were higher in
previous partial or null responders with cirrhosis than
[15,23]
without (10% vs 4%)
.
The mechanism for reduced SVR rates with more
advanced liver disease has not been well elucidated.
It is possible that cirrhosis prevents even perfusion
of the liver with antiviral drugs, creating pockets that
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have low drug concentrations where HCV can persist.
Alternatively, patients with cirrhosis have impaired
immunity, as indicated by their enhanced susceptibility
[24]
to infection . Studies suggest that prostaglandin E2
(PGE2) may have an immunosuppressive effect by
inhibiting the production of proinflammatory cytokines
by macrophages. PGE2 has been found in higher
concentrations in cirrhotics and additionally has higher
bioavailability in cirrhotics due to decreased levels of
albumin, which normally binds to PGE2 and therefore
[25]
decreases its bioavailability . Whatever its cause, the
immunodeficiency of patients with liver cirrhosis may
contribute to treatment failure by slowing the kinetics
of the second phase of viral decline-either by reducing
the killing of infected cells or by reducing the process
that allows infected cells to clear the virus.
Recent studies of all-oral regimens have reported
favorable results even in patients with liver cirrhosis. In
COSMOS, of 41 treatment-naive and null responders
to PEG/RBV with METAVIR fibrosis stage F3-F4 treated
with SMV/SOF ± RBV for 12 wk, only three patients
[12]
failed . The LONESTAR trial contained a cohort of 40
patients who failed PI-based triple therapy with BOC
or TVR, over half of the patients had compensated
cirrhosis. On SOF and ledipasvir, an NS5A inhibitor,
the SVR12 rate was 95% without RBV and 100% with
[16]
RBV . The ELECTRON trial used the same regimen
of SOF/ledipasvir and in the cohort with cirrhotics
and prior null responders, the SVR12 rate was 70%
[17]
without RBV and 100% with RBV . Many of the case
patients in our study had advanced cirrhosis. When
considering how the promising published results
relate to our investigation of patients who failed
treatment, it is important to keep in mind that not
all patients with cirrhosis have the same degree of
liver damage. Rather, there is a spectrum of disease
among cirrhotics. Many of the case patients had
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advanced cirrhosis, and this may have increased their
susceptibility to treatment failure. FibroScan scores,
because they report liver stiffness as a continuous
variable, may help stratify the extent of liver scarring
and delineate high-risk patients.
The treatment regimen chosen for our patients was
based on results of the COSMOS study at a time when
the FDA had not yet approved SMV/SOF combination
therapy. COSMOS reported SVR rates in patients with
METAVIR F3-F4 fibrosis who were treated with SMV/
SOF for 12 wk of 93% compared to 93% in patients
treated with SMV/SOF/RBV and 100% in patients
[12]
treated with SMV/SOF for 24 wk . In November
2014, the FDA approved a 24 wk regimen of SMV/
SOF for patients with cirrhosis. All of the case patients
in our case series were treated before this approval
with 12 wk of treatment. This longer regimen reflects
the growing awareness of the persistent challenge
of treating patients with liver cirrhosis despite the
availability of DAAs. The treatment failure of our
patients highlights a potential limitation with early
adoption of HCV treatment regimens that are not yet
approved by the FDA.
High viral load is a second factor predisposing
to treatment failure. An early study on PEG/RBV by
[26]
Fried et al
showed that SVR rates were significantly
lower in patients with viral load over 800000 IU/
mL than in patients with lower viral load: 41% vs
56%, respectively. Multivariate logistic regression
analysis has shown that low baseline viral load is an
independent predictor of SVR to treatment with PEG/
[27]
RBV . Showing a similar trend, early studies of SMV
had SVR rates of 91% in patients with low viral load
[28]
vs 77% in patients with high viral load . COSMOS
did not look at the difference in SVR based on pretreatment viral load in patients treated with SMV/SOF.
Seven of the cases had a viral load over 1 million IU/
mL prior to treatment, which likely further increased
susceptibility to treatment failure.
In addition to these factors, baseline polymorphisms
and mutations that develop during exposure to antiviral
drugs may contribute to the failure of DAA-based
treatments. Numerous viral sequence variants confer
partial or complete resistance to SMV. The barrier to
resistance is especially low for genotype 1a HCV. Q80K
is one of the most common resistance mutations in the
HCV NS3/4A protease. It is often present at baseline.
The importance of the Q80K mutation was exhibited
in the QUEST-1 study where treatment naïve patients
were treated with SMV/PEG/RBV. The SVR rate was
71% in patients with genotype 1a and 90% in patients
with genotype 1b, but it was 85% in genotype 1a
patients without the baseline Q80K mutation and 52%
[28]
in genotype 1a patients with the mutation . Tests for
the Q80K mutation are available, but were not used
prior to treating the patients in our case series as there
is no formal recommendation to use this test in clinical
practice and insurance companies were not providing
consistent coverage for this test. There are additional
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baseline polymorphisms that exist in genotype 1a HCV
[29]
that make it challenging to treat . In addition, prior
exposure to TVR/BOC can promote the development of
[30]
cross-resistant mutations, such as R155 . Therefore,
patients such as those presented here who previously
were treated with PIs could have baseline and/or
acquired cross-resistant mutations to SMV. Baseline
polymorphisms that reduce effectiveness of SOF
have also been described. Using deep-sequencing
[31]
methods, Donaldson et al
identified numerous lowfrequency substitutions in the target of SOF, the NS5B
(nonstructural protein 5B) polymerase. Two, L159F and
V321A, were located in the catalytic pocket of the viral
enzyme and likely altered drug binding. Research is
needed to determine the utility of HCV RNA sequence
analysis in selecting optimal first-line and salvage
strategies.
The strengths of this report include its timeliness,
real-world setting, and case series with eight patients.
The real-world setting of this study allows us to report
experiences of these new medications in clinical
practice. Given the number of cases reported here,
we are able to highlight common factors for relapse to
better identify and understand patients who may be
at higher risk for failure. Data reported in registration
trials is not always complete and generalizable to
clinical practice. In our cohort, physicians selected the
HCV treatment regimen based on their best clinical
judgment, which can include early adoption of promising
regimens based on data available. Limitations of this
report include a lack of resistance data on our case
series. Resistance analysis is not yet commonly used
in clinical practice but consideration should be given
to incorporate into recommendations for patients who
fail DAA regimens in order to identify optimal salvage
regimens. Barriers to coverage of resistance analysis
including Q80K mutation analysis may have a better
chance to be overcome once adopted into guidelines.
Early studies examining the efficacy of IFN-free
regimens had very high SVR rates in patients with
and without liver cirrhosis. The treatment failure in
our eight patients was disappointing for the patients
and their providers and carries a significant economic
burden, as well. The pharmaceutical cost of a 12
wk regimen of SMV/SOF is $150360. Research is
needed to identify the underlying causes of DAA-based
treatment failure and to identify the best salvage
regimens for patients who have failed on specific drug
combinations.
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The goal of treatment in patients with chronic hepatitis C virus (HCV) infection is
to achieve a sustained virologic response. Historically, the standard of care for
chronic HCV infection was dual therapy with pegylated-interferon and ribavirin
but less toxic and more effective regimens are available now.
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DAAs to receive Food and Drug Administration (FDA) approval were boceprevir
and telaprevir, inhibitors of the HCV serine protease NS3/4A. Newer DAAs
include sofosbuvir, a NS5B polymerase inhibitor, and simeprevir, a second
phase NS3/4A protease inhibitor. These drugs are do not require the addition
of interferon and have less toxicity and therefore are now recommended as
first-line agents by the FDA for HCV genotype 1. Early studies of therapeutic
regimens containing these agents reported sustained virologic response (SVR)
12 rates ranging from 93%-100%.
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DAA drugs are increasing the number of patients who achieve SVR, but are
also increasing the number of patients who have failed multiple rounds of
treatment. The efficacy of the newer DAAs has not been extensively studied in
patients with advanced liver disease and complex treatment histories, including
those previously exposed to BOC and/or TVR. Information about patients who
repeatedly fail DAA-based therapy may help guide the development of salvage
strategies.
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Applications

This study identifies a number of factors associated with SMV/SOF treatment
failure, which included prior treatment with earlier DAAs, HCV 1a genotype,
liver cirrhosis, and high pre-treatment viral load.

Terminology
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Hepatitis C is an infectious disease caused by the HCV, a small infectious
agent, which primarily infects cells of the liver. Cirrhosis is advanced scarring
of the liver, often induced by chronic viral infection, including Hepatitis C, or
chronic alcohol abuse, which render the liver unable to conduct a number of
necessary functions. Sustained virologic response describes when there are
no viral particles detected in the blood 12 or 24 wk after the end of treatment.
Direct-acting antiviral drugs are medications that target specific parts of the
HCV in order to prevent the virus from duplicating.

This is a comprehensive observational study in which the authors characterized
and analyzed patients who failed treatment with new DAAs to uncover risk
factors associated with SMV/SOF for treatment of chronic HCV infection.
Identifying factors associated with treatment failure prior to initiating treatment
is important in order to optimize treatment strategies and reduce health care
costs. The results suggest that patients with complex histories may benefit from
individualized risk analysis prior to treatment.
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Abstract
AIM: To evaluate combination transjugular intrahepatic
portosystemic shunt (TIPS) and other interventions
for hepatocellular carcinoma (HCC) and portal hyper
tension.
METHODS: Two hundred and sixty-one patients with
HCC and portal hypertension underwent TIPS combined
with other interventional treatments (transarterial
chemoembolization/transarterial embolization, radio
frequency ablation, hepatic arterio-portal fistulas
embolization, and splenic artery embolization) from
January 1997 to January 2010 at Beijing Shijitan
Hospital. Two hundred and nine patients (121 male
and 88 female, aged 25-69 years, mean 48.3 ± 12.5
years) with complete clinical data were recruited. We
evaluated the safety of the procedure (procedurerelated death and serious complications), change of
portal vein pressure before and after TIPS, symptom
relief [e.g. , ascites, hydrothorax, esophageal gastricfundus variceal bleeding (EGVB)], cumulative rates
of survival, and distributary channel restenosis. The
characteristics of the patients surviving ≥ 5 and < 5
years were also analyzed.
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RESULTS: The portosystemic pressure was decreased
from 29.0 ± 4.1 mmHg before TIPS to 18.1 ± 2.9
mmHg after TIPS (t = 69.32, P < 0.05). Portosystemic
pressure was decreased and portal hypertension
symptoms were ameliorated. During the 5 year followup, the total recurrence rate of resistant ascites or
hydrothorax was 7.2% (15/209); 36.8% (77/209)
for EGVB; and 39.2% (82/209) for hepatic encep
halopathy. The cumulative rates of distributary channel
restenosis at 1, 2, 3, 4, and 5 years were 17.2%
(36/209), 29.7% (62/209), 36.8% (77/209), 45.5%
(95/209) and 58.4% (122/209), respectively. No
procedure-related deaths and serious complications
(e.g. , abdominal bleeding, hepatic failure, and distant
metastasis) occurred. Moreover, Child-Pugh score,
portal vein tumor thrombosis, lesion diameter, hepatic
arterio-portal fistulas, HCC diagnosed before or after
TIPS, stent type, hepatic encephalopathy, and type of
other interventional treatments were related to 5 year
survival after comparing patient characteristics.
CONCLUSION: TIPS combined with other interven
tional treatments seems to be safe and efficacious in
patients with HCC and portal hypertension.
Key words: Transjugular intrahepatic portosystemic
shunt; Interventional treatment; Hepatocellular car
cinoma; Portal hypertension
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are conflicting results about the safety
and efficacy of transjugular intrahepatic portosystemic
shunt (TIPS) combined with other interventional
treatments for patients with hepatocellular carcinoma
(HCC) and portal hypertension. We reviewed 209
patients with HCC and portal hypertension who
underwent TIPS and other interventional treatments.
Portosystemic pressure was decreased and portal
hypertension symptoms were ameliorated, and no
procedure-related deaths and serious complications
occurred. The survival rates for TIPS in combination
seem better than those reported for transarterial
chemoembolization or radiofrequency ablation alone.
Qiu B, Zhao MF, Yue ZD, Zhao HW, Wang L, Fan ZH, He FL,
Dai S, Yao JN, Liu FQ. Combined transjugular intrahepatic
portosystemic shunt and other interventions for hepatocellular
carcinoma with portal hypertension. World J Gastroenterol 2015;
21(43): 12439-12447 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12439.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12439

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the
[1]
leading causes of cancer death worldwide , and
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[2]

the second most common malignancy in China ,
with an estimated 391250 new cases and 372750
[3]
deaths in 2012 . The mortality rate of HCC in
China was 20.4 per 100000 according to the 2015
annual report from the American Society of Clinical
Oncology (ASCO), and patient survival has increased
[4]
significantly in recent years . There is a variety of
treatments for HCC depending on the nature of the
tumor (size, stage, degree, and complications), and
interventional treatments, including transarterial
[5,6]
embolization/chemoembolization (TAE/TACE)
[7]
and radiofrequency ablation (RFA) , have become
important for HCC recently. HCC often stems from
hepatitis B cirrhosis and combines with portal hy
[2]
pertension , leading to esophageal gastric-fundus
variceal bleeding (EGVB) and/or refractory ascites
[8,9]
(or hydrothorax) . Patients with HCC and portal
hypertension often have no opportunity to receive
radical surgery, liver transplantation, or even some
interventional treatments. It is important to manage
[10]
portal hypertension urgently in patients with HCC .
Transjugular intrahepatic portosystemic shunt (TIPS)
is an expandable metal stent inserted via the jugular
vein that creates a shunt from the portal vein to the
systemic circulation via an artificial communication
through the liver. TIPS is widely used as a treatment
[11-14]
of portal hypertension and its complications
(such
as EGVB, refractory ascites, hepatic hydrothorax,
hepatorenal syndrome, and hepatopulmonary syn
drome) and as a bridge to liver transplantation.
Patients with portal hypertension have improvements
in symptoms after TIPS, especially timely termination
of acute EGVB and refractory ascites, which create
opportunities for further treatment without affecting
[15-17]
overall survival
. However, HCC and portal hy
pertension have been considered as relative con
traindications for TIPS combined with other inter
ventional treatments. There are conflicting results
about the safety and efficacy of TIPS combined with
other interventional treatments for patients with
[18-26]
HCC and portal hypertension
. In this study, we
reviewed and analyzed the data from 209 patients with
HCC and portal hypertension who underwent TIPS and
other interventional treatments from January 1997 to
January 2010 at Beijing Shijitan Hospital.

MATERIALS AND METHODS
Clinical materials

Two hundred and sixty-one patients with HCC and
portal hypertension underwent TIPS combined with
other interventional treatments (TACE/TAE, RFA,
hepatic arterio-portal fistulas embolization, and splenic
artery embolization) from January 1997 to January
2010 at Beijing Shijitan Hospital. We recruited 209
patients (121 male and 88 female, aged 25-69 years,
mean 48.3 ± 12.5 years) who had complete clinical
data; the remaining the patients who lacked such
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data were excluded. Thirty-seven cases of HCC were
diagnosed by pathological biopsy and 172 cases by
ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI), α-fetoprotein (AFP), and
hepatic artery angiography. Hepatitis B cirrhosis
was detected in 180 cases, hepatitis C cirrhosis in
12, overlapping hepatitis B and C cirrhosis in two,
primary cholestasis cirrhosis in one, alcoholic liver
cirrhosis in 13, and autoimmune liver cirrhosis in
one. EGVB was seen in 182 cases, refractory ascites
(and/or pleural effusion) in 39, and refractory ascites
(and/or pleural effusion) combined with EGVB in 12.
Preoperative splenectomy cutoff was undertaken in
eight cases, hardening or ligation treatments in 41,
and preoperative surgical excision of tumor in 35.

Methods

We evaluated the safety (procedure-related death and
serious complications, such as abdominal bleeding,
hepatic failure, and distant metastasis), efficacy
(change of portal vein pressure before and after
TIPS, symptom relief, including ascites, hydrothorax,
EGVB, and distributary channel restenosis) of the
procedure, and the cumulative rates of survival.
We also retrospectively analyzed and compared the
clinical characteristics of patients living ≥ 5 and < 5
years, including sex, age, Child-Pugh score before
TIPS, portal vein tumor thrombosis (PVTT), tumor
lesion, lesion diameter, hepatic arterio-portal fistulas,
cancer diagnosed before and after TIPS, stents used,
treatments received (RFA, TACE/TAE, and RFA+TACE/
TAE), and complications (recurrence of ascites/
bleeding, hepatic encephalopathy, and distributary
channel function) that occurred during follow-up.

TIPS

Indications: Acute or repeated variceal bleeding
that failed conservative and endoscopic treat
ment; rebleeding after surgical shunting or laparo
splenectomy; bleeding after preventive endoscopic/
drug treatment; gastric or ectopic variceal bleeding; or
refractory hepatic ascites/hydrothorax.
Relative contraindications: Serious dysfunction
of blood coagulation and bleeding tendency; hepatic
encephalopathy; serious infections; portal vein
thrombosis; cavernous transformation of portal vein;
or tumor too large to avoid during TIPS. The predicted
survival of these patients was ≤ 3 mo.
Contraindications: Liver failure, severe cardio
pulmonary dysfunction, multiple hepatic cysts, and
refractory biliopancreatic obstruction.
The TIPS procedure was performed in the Inter
ventional Radiology Suite under local anesthesia. The
right jugular vein was punctured by RUPS-100 (Cook,
Bloomington, United States) with a 10-F sheath.
A 5-F multipurpose catheter was used to engage
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the hepatic vein (right usually) and the portal vein,
perform portal vein angiography, and measure portal
vein pressure before the shunting. A balloon catheter
(6 or 8 mm in diameter) was used to expand the
shunt along a guidewire, and the stents (7, 8, or 10
mm in diameter) were placed. Portal vein angiography
and measurement of portal vein pressure were then
conducted again.
Bare stents were used for 112 cases (Protégé
stent, EV3 Company, Nathan Lane North, Plymouth,
MN, United States; Smart stent, Cordis Company,
Miami Lakes, Florida, United States). Covered
stents were used for 97 cases (Fluency stent, Bard
Company, Karlsruhe, Germany). One stent was used
in 150 cases, and more than two stents were used
in 59 cases. Stents with diameter 7, 8, and 10 mm
were used for 3, 154, and 52 cases, respectively.
The shunts were entered via the hepatic vein in 185
cases and high inferior vena cava in 24 cases. TIPS
was combined with percutaneous liver biopsy and
portal vein venography in 28 cases and indirect portal
venography in 34 cases, providing that it was hard to
puncture the portal vein, the risk of direct TIPS was
high, or direct TIPS was failed. Varicose vein embolism
was conducted in 199 cases.

Other interventional treatments

TACE or TAE was conducted before or after TIPS in
185 cases, from one to 11 times per patient. It was
usually conducted once monthly for the first 3 mo, and
the treatment intensity and interval were determined
by the blood supply to the tumor lesion. RFA was
conducted in 113 cases (mainly for lesions < 3 cm
in diameter and lack of blood supply), which was
conducted alone in 24 cases and combined with TACE/
TAE in 89 cases several days before RFA. TACE or
TAE was conducted alone in 96 cases, hepatic arterioportal fistulas embolization was used in 22 cases, and
transcatheter splenic arterial embolization was used in
14 cases (Figure 1 and Figure 2).

Follow-up

All cases were followed up until death or 5 years. We
observed clinical symptoms, medical events, routine
blood measurements, AFP, blood coagulation, liver and
kidney functions, and blood ammonia and performed
color ultrasound, barium meal, or gastroscope and
CT/MRI. If the distributary channel was narrow, as
shown by color ultrasound, or EGVB, resistant ascites,
or hydrothorax occurred, we reviewed the distributary
channel by radiography and measured the portal
vein pressure at the same time. If the blood flow
was normal, while portal pressure increased or the
distributary channel was narrow or occluded under
the radiography, we conducted balloon expansion
and/or stent placement again. Then, if the original
distributary channel was hard to reopen or the blood
flow was insufficient, we conducted TIPS again to
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A

B1

C

D

B2

Figure 1 Patient with hepatitis C cirrhosis associated with esophageal gastric-fundus variceal bleeding was diagnosed with hepatocellular carcinoma 37
mo after transjugular intrahepatic portosystemic shunt. We treated HCC with TACE. A: Obvious portal vein dilation (white arrow) revealed by magnetic resonance
cholangiopancreatography; B1: Obvious portal vein dilation (short white arrow) and gastric coronary vein varicosis (long white arrow); B2: Gastric coronary vein
embolism (long white arrow) and distributary channel (short white arrow); C: Tumor lesion with rich blood supply in the right hepatic lobe 37 mo after TIPS by hepatic
angiography (white arrow); D: Iodine oil deposited in the lesion after TACE, shown by contrast-enhanced CT (white arrow). HCC: hepatocellular carcinoma; TACE:
transarterial chemoembolization; TIPS: transjugular intrahepatic portosystemic shunt; CT: computed tomography.

A

B1

B2

C

Figure 2 patient with hepatitis B cirrhosis was diagnosed with hepatocellular carcinoma, refractory ascites, and esophageal gastric-fundus variceal
bleeding. Patient underwent TACE after TIPS. A: Tumor lesion revealed by contrast-enhanced CT arterial phase (white arrow). B1: Obvious portal vein dilation (short
white arrow) and gastric coronary vein varicosis (long white arrow). B2: Gastric coronary vein embolism (long black arrow) and distributary channel (short black arrow).
C: Lodine oil deposited in the lesion after TACE, shown by CT (black arrow); ascites disappeared and distributary channel stent (white arrow). TACE: transarterial
chemoembolization; TIPS: transjugular intrahepatic portosystemic shunt; CT: computed tomography.
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Overall survival

Table 1 Results of 5-years follow-up n (%)
Patients

Refractory ascites or hydrothorax
EGVB
Hepatic encephalopathy
Distributary channel restenosis (yr)
1
2
3
4
5
Interventional treatments
RFA
Once
Twice
Thrice or more
TACE/TAE
Once
Twice
Thrice or more
Fistula embolization
Once
Twice
Thrice or more
Splenic artery embolization
Once
Twice
Thrice or more
Interventional re-treatments
Twice
Thrice or more
Balloon angioplasty
Stent angioplasty

15 (7.2)
77 (36.8)
82 (39.2)

Censored data
0.8

36 (17.2)
62 (29.7)
77 (36.8)
95 (45.5)
122 (58.4)

0.6
0.4
0.2
0.0

113 (54.1)
34 (30.1)
42 (37.2)
37 (32.7)
185 (88.5)
31 (16.8)
42 (22.7)
112 (60.5)
22 (10.5)
6 (27.3)
14 (63.6)
2 (9.1)
14 (6.7)
7 (50.0)
6 (42.9)
1 (7.1)
102 (48.8)
62 (60.8)
40 (39.2)
9 (8.8)
93 (91.2)

0.00 20.00 40.00 60.00 80.00 100.00 120.00

t /mo

Figure 3 Survival functions of all patients by Kaplan-Meier survival
curves.

EGVB: Esophageal gastric-fundus variceal bleeding; TACE: Transarterial
chemoembolization; TAE: Transarterial embolization; RFA: Radiofrequency
ablation.

create a second channel. For the patients that needed
sequential treatments for HCC after TIPS, we followed
up or treated them once monthly in the first 3 mo,
and then we followed up or treated them according
to circumstances, usually once every 1-3 mo. For
the patients who did not need sequential treatments
for HCC, we followed up once every 3 mo. Follow-up
results are shown in Table 1. Overall survival is shown
in Table 2 and Figure 3.

Statistical analysis

Statistical analysis was conducted using SPSS version
17.0 (Chicago, IL, United States). A t test was used for
2
comparison of continuous measurement data, and χ
test for comparison of data between patients living ≥ 5
and < 5 years. P < 0.05 was considered as statistically
significant. The overall survival time was estimated
using the Kaplan-Meier method. The median survival
time was calculated using censored observations only.

RESULTS
The pre-TIPS portosystemic pressure was 29.0 ± 4.1
mmHg, which decreased to 18.1 ± 2.9 mmHg (t =
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Survival

1.0

Cum survival

Items

69.32, P < 0.05) after TIPS. The portal hypertension
symptoms were relieved and improved; the rates
of resistant ascites, hydrothorax, EGVB, hepatic
encephalopathy, and distributary channel restenosis
during follow-up were relatively impressive. Details
including the interventional re-treatments for distri
butary channels and interventional treatments for
tumor lesions are all presented in Table 1.
Clinical characteristics of patients living ≥ 5 and
< 5 years were analyzed and compared: patients’
sex, mean age, lesion number, recurrence (ascites/
bleeding), and distributary channel function did not
differ significantly between the two groups (P > 0.05).
Moreover, Child-Pugh score, with or without PVTT,
lesion diameter, hepatic arterio-portal fistulas, cancer
diagnosed before or after TIPS, stent type, hepatic
encephalopathy, and interventional treatment differed
significantly between the two groups (P < 0.05) (Table
3).
No procedure-related deaths or serious com
plications (e.g., abdominal bleeding, hepatic failure,
and distant metastasis) occurred. The main cause of
death during follow-up was gastrointestinal rebleeding
(36 cases), which caused hemorrhagic shock, acute
liver failure, and hepatic encephalopathy. Thirty-one
cases died of liver failure or multiple organ failure; 29 of
abdominal or lung infection; and 19 of tumor progression,
which led to respiratory and circulatory failure. Other
causes of death were hepatorenal syndrome and
cardiovascular and cerebrovascular diseases.
Thus, the portal hypertension symptoms were
ameliorated after TIPS and other interventional
treatments with no procedure-related deaths and
serious complications. Moreover, Child-Pugh score,
PVTT, lesion diameter, hepatic arterio-portal fistulas,
HCC diagnosed before or after TIPS, stent type, hepatic
encephalopathy, and type of other interventional
treatments were related to 5 year survival after
comparing the characteristics of patients living ≥ 5 and
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Table 2 Means and medians for survival time
1

Mean estimate
62.067

SE
2.582

95%CI

Median estimate

Lower

Upper

57.007

67.128

SE

50.300

2.995

95%CI
Lower

Upper

44.431

56.169

1

Estimation limited to the largest survival time if it is censored.

Table 3 Clinical characteristics of patients living ≥ 5 and < 5 years n (%)
Total (n )

Items

Sex
Male
Female
Age (mean ± SD, yr)
Child-Pugh score
A
B
C
PVTT
With
Without
Lesion number
Single
Multiple
Lesion diameter
≤ 3 cm
> 3, ≤ 5 cm
> 5 cm
Hepatic arterio-portal fistulas
With
Without
Cancer diagnosed
Pre-TIPS
Post-TIPS
Stents
Bare stent
Covered stent
Recurrence (ascites/bleeding)
Yes
No
Hepatic encephalopathy
Yes
No
Interventional therapy
RFA
TACE/TAE
RFA + TACE/TAE
Distributary channel function
Restenosis
Unobstructed

t /χ 2

Patients living
≥ 5 yr

< 5 yr

209

81 (38.8)

128 (61.2)

121
88

49 (60.5)
32 (39.5)
49.2 ± 4

72 (56.2)
56 (43.8)
47.8 ± 8

83
72
54

38 (46.9)
30 (37.0)
13 (16.1)

45 (35.2)
42 (32.8)
41 (32.0)

31
178

4 (4.9)
77 (95.1)

27 (21.1)
101 (78.9)

148
61

59 (72.8)
22 (27.2)

89 (69.5)
39 (30.5)

52
103
54

27 (33.3)
46 (56.8)
8 (9.9)

25 (19.5)
57 (44.6)
46 (35.9)

22
187

3 (3.7)
78 (96.3)

19 (14.8)
109 (85.2)

142
67

47 (58.0)
34 (42.0)

95 (74.2)
33 (25.8)

112
97

36 (44.4)
45 (55.6)

76 (59.4)
52 (40.6)

92
117

29 (25.8)
52 (64.2)

63 (49.2)
65 (50.8)

82
127

25 (30.9)
56 (69.1)

57 (44.5)
71 (55.5)

24
96
89

13 (16.0)
28 (34.6)
40 (49.4)

11 (8.6)
68 (53.1)
49 (38.3)

122
87

41 (50.6)
40 (49.4)

81 (63.3)
47 (36.7)

P value

0.367

0.545

2.868
6.888

0.488
0.032 (P < 0.05)

10.249

0.001 (P < 0.05)

0.263

0.608

18.351

0.0001 (P < 0.05)

6.537

0.011 (P < 0.05)

5.973

0.015 (P < 0.05)

4.446

0.035 (P < 0.05)

3.624

0.057

3.887

0.049 (P < 0.05)

7.556

0.023 (P < 0.05)

3.274

0.070

PVTT: Portal vein tumor thrombosis; TIPS: Transjugular intrahepatic portosystemic shunt; TACE: Transarterial chemoembolization; TAE: Transarterial
embolization; RFA: Radiofrequency ablation.

< 5 years.

DISCUSSION
HCC tends to be associated with liver cirrhosis and
portal hypertension, even gastrointestinal hemorrhage
[27]
and/or refractory ascites . In such cases, the priority
is to manage the symptoms and complications of
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portal hypertension, rather than HCC itself. TIPS is an
effective method for resolving the symptoms of portal
[10]
hypertension . After TIPS, the portal vein blood flow
to the liver is reduced, and the hepatic artery blood
[28,29]
flow is increased to compensate for the reduction
,
based on the interdependence of the portal vein and
[30]
hepatic artery . In theory, the extra blocking of
the blood supply from the hepatic artery (such as

12444

November 21, 2015|Volume 21|Issue 43|

Qiu B et al . TIPS/interventional treatments for HCC
TAE/TACE) aggravates liver damage after TIPS, due
[18]
to ischemia . However, the impact on the clinical
[18]
curative effect is still not clear. Kuo et al
reported
that the rate of complete response was significantly
greater in non-TIPS patients compared with TIPS
patients (74% vs 30%, P = 0.03) after TACE. Objective
response rate (complete and partial response) tended
to be greater in the non-TIPS group (83% vs 50%, P =
0.09). TACE was less effective in achieving a complete
or partial response in TIPS patients compared with
[21]
those without TIPS. Kohi et al
reported that the
incidence of severe hepatobiliary adverse events after
TACE was nearly two times higher in patients with TIPS
(70%) than in those without TIPS (36%, P = 0.046).
Thus, patients with HCC and patent TIPS were more
likely to develop significant hepatotoxicity after TACE
than comparable patients without TIPS. Conversely,
[26]
Kang et al reported that after TACE, 14 of 20 (70%)
patients showed a tumor response, with only one
(5%) experiencing a TACE-related major complication.
Selective TACE may be safe and effective for the
palliative treatment of HCC in patients with TIPS. In
patients with HCC and TIPS receiving locoregional
[23]
tumor therapy, Padia et al
showed that ablation
procedures resulted in low rates of hepatotoxicity.
However, the above studies lacked long-term clinical
observation and had a small numbers of cases. In
this study, we reviewed 209 patients with HCC and
portal hypertension who underwent successful TIPS.
Among them, 96 cases were treated in combination
with TACE/TAE; 89 in combination with TAE/TACE and
RFA; and 24 in combination with RFA. Hepatic arterioportal fistulas embolization was also used in 22 cases,
and splenic artery embolization in 14. There were no
procedure-related deaths and serious complications
(e.g., abdominal bleeding, hepatic failure, and
distant metastasis). Thus, TIPS combined with other
interventional treatments, such as RFA and TACE, are
technically feasible and safe for patients with HCC and
portal hypertension.
Regarding efficacy, some studies have shown that
[22-24,26]
TIPS combined with TACE/TAE is effective
.
However, reports of TIPS combined with RFA and
other interventional treatments are rare. Padia et
[23]
al
reported the outcomes of locoregional tumor
therapy in 48 cases of HCC treated with TIPS.
Twenty-nine of 48 (60%) patients were assigned
to the local treatment group, which had received
RFA 39 times, chemoembolization 17 times, and
yttrium-90 radioembolization 10 times. Nineteen of
48 (40%) patients received best supportive care (i.e.,
symptomatic management only). Follow-up imaging
response showed an objective response for all ablation
procedures, 67% of radioembolization procedures, and
50% of chemoembolization procedures (P = 0.001).
When censored for orthotopic liver transplantation,
patients undergoing treatment survived longer than
those receiving supportive care (2273 d vs 439 d, P =
0.001). It was concluded that ablation appears to be
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safe and efficacious for patients with HCC treated with
TIPS. Moreover, the survival rates at 1, 2, 3, 4, and
5 years in our study were 91.4% (191/209), 84.7%
(177/209), 71.8% (150/209), 51.2% (107/209), and
38.8% (81/209), respectively. The 5 year survival
rate seems better than that for treating by TACE
[31]
alone, which was reported as 26% . It also seems
better than the survival rates at 1, 2, and 3 years
[32]
for RFA of 60%, 39%, and 35%, respectively . We
compared the clinical characteristics of patients living
≥ 5 and < 5 years, and Child-Pugh score, PVTT,
lesion diameter, hepatic arterio-portal fistulas, HCC
diagnosed before or after TIPS, stent type, hepatic
encephalopathy, and type of other interventional
treatments had significant differences between the
two groups. A prospective randomized controlled trial
may be needed to confirm that the above factors
affect 5 year survival. In addition, with TIPS using
bare stents, it is easy to develop shunt stenosis or
[16]
occlusion . An increase in symptom recurrence rate
and the incidence of hepatic encephalopathy after
TIPS, which may adversely affect quality of life and
accelerate liver function deterioration, is the main
cause of death. In the study, the cumulative rates of
distributary channel restenosis tended to be similar
to that of expanded polytetrafluoroethylene covered
[33]
stent . TACE was used alone mainly for patients that
were not suitable for combination with RFA or in whom
the lesions had a large diameter, which made it difficult
to achieve necrotic collapse of the lesions. Therefore,
the curative effects were inferior to those in patients
treated by TACE combined with RFA. In normal followup, early detection of recurrent liver lesions and timely
interventional treatment are crucial. Thus, the curative
effect for patients with HCC diagnosed after TIPS
was better than that for patients with HCC diagnosed
before TIPS.
In conclusion, TIPS combined with other inter
ventional treatments seems a safe and efficacious
choice for patients with HCC and portal hypertension.

COMMENTS
COMMENTS
Background

Patients with hepatocellular carcinoma (HCC) accompanied with portal
hypertension often have no opportunity to receive radical surgery or liver
transplantation. For some interventional treatments, it is important to manage
portal hypertension urgently in patients HCC. transjugular intrahepatic
portosystemic shunt (TIPS) is widely used as a treatment for portal
hypertension. However, the safety and efficacy of TIPS combined with other
interventional treatments for patients with HCC and portal hypertension are still
not clear.

Research frontiers

There are few English language studies concerning combination of TIPS with
other interventional treatments for patients with HCC and portal hypertension.
The small number of studies has yielded conflicting results for safety and
efficacy, and they were conducted in small patient populations. Kuo et al
reported that transarterial chemoembolization (TACE) was less effective in
achieving complete or partial response, in TIPS patients compared with those
without TIPS. Kohi et al reported that patients with HCC and patent TIPS were
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more likely to develop significant hepatotoxicity after TACE than comparable
patients without TIPS. However, Kang et al reported that TACE may be safe and
effective for the palliative treatment of HCC in patients with TIPS. Outcomes
of locoregional tumor therapy for patients with HCC and TIPS by Padia et al
showed that ablation procedures resulted in low rates of hepatotoxicity.

Innovations and breakthroughs

Most of the studies reporting the safety and efficacy of TIPS combined with
other interventional treatments for patients with HCC and portal hypertension
had no more than 20 patients, which could have affected the clinical
observations and conclusions. However, the authors reviewed and analyzed
complete 5 year clinical data of 209 HCC patients with portal hypertension who
were treated with TIPS and other interventional treatments. The authors also
analyzed the characteristics of patients living ≥ 5 and < 5 years. Moreover, the
results were encouraging.

Applications

8

9

10

11

This results suggested that TIPS combined with other interventional
treatments seemed a safe and efficacious choice for patients with HCC and
portal hypertension. There were no procedure-related deaths and serious
complications (e.g., abdominal bleeding, hepatic failure, and distant metastasis).
The survival rates seem better than those reported for TACE or radiofrequency
ablation alone.

12

13

Terminology

TIPS is an expandable metal stent inserted via the jugular vein that creates
a shunt from the portal vein to the systemic circulation via an artificial
communication through the liver.

14

Peer-review

In this study, the authors evaluated the long-term clinical safety and efficacy of
TIPS combined with other interventional treatments for patients with HCC and
portal hypertension. The main concept is interesting because there is limited
data in this patient population.
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Abstract
AIM: To study the safety of epidural anesthesia (EA),
its effect on pancreatic perfusion and the outcome of
patients with acute pancreatitis (AP).
METHODS: From 2005 to August 2010, patients with
predicted severe AP [Ranson score ≥ 2, C-reactive
protein > 100 or necrosis on computed tomography
(CT)] were prospectively randomized to either a group
receiving EA or a control group treated by patient
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controlled intravenous analgesia. Pain management
was evaluated in the two groups every eight hours
using the visual analog pain scale (VAS). Parameters
for clinical severity such as length of hospital stay,
use of antibiotics, admission to the intensive care
unit, radiological/clinical complications and the need
for surgical necrosectomy including biochemical data
were recorded. A CT scan using a perfusion protocol
was performed on admission and at 72 h to evaluate
pancreatic blood flow. A significant variation in blood
flow was defined as a 20% difference in pancreatic
perfusion between admission and 72 h and was
measured in the head, body and tail of the pancreas.
RESULTS: We enrolled 35 patients. Thirteen were
randomized to the EA group and 22 to the control
group. There were no differences in demographic
characteristics between the two groups. The Balthazar
radiological severity score on admission was higher in
the EA group than in the control group (mean score 4.15
± 2.54 vs 3.38 ± 1.75, respectively, P = 0.347) and the
median Ranson scores were 3.4 and 2.7 respectively (P
= NS). The median duration of EA was 5.7 d, and no
complications of the epidural procedure were reported.
An improvement in perfusion of the pancreas was
observed in 13/30 (43%) of measurements in the EA
group vs 2/27 (7%) in the control group (P = 0.0025).
Necrosectomy was performed in 1/13 patients in the EA
group vs 4/22 patients in the control group (P = 0.63).
The VAS improved during the first ten days in the EA
group compared to the control group (0.2 vs 2.33, P =
0.034 at 10 d). Length of stay and mortality were not
statistically different between the 2 groups (26 d vs 30
d, P = 0.65, and 0% for both respectively).
CONCLUSION: Our study demonstrates that EA
increases arterial perfusion of the pancreas and im
proves the clinical outcome of patients with AP.
Key words: Severe acute pancreatitis; Epidural anes
thesia; Pancreatic necrosectomy; Pancreatic perfusion;
Computed tomography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted this prospective randomized
study to explore the safety of epidural anesthesia (EA),
its effect on pancreatic perfusion and the outcome
of patients with acute pancreatitis, as high mortality
is linked with necrosis of the gland. We found an
improvement in perfusion of the pancreas in the EA
group. Necrosectomy was performed in 1/13 patients in
the EA group vs 4/22 patients in the control group.
Sadowski SM, Andres A, Morel P, Schiffer E, Frossard JL, Platon
A, Poletti PA, Bühler L. Epidural anesthesia improves pancreatic
perfusion and decreases the severity of acute pancreatitis. World J
Gastroenterol 2015; 21(43): 12448-12456 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i43/12448.htm DOI:
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INTRODUCTION
Acute pancreatitis (AP) is a common disease whose
incidence in the US reaches 35 per 100000 population
[1]
annually . The main causes of AP in adults are
gallstone migration into the common bile duct and
alcohol abuse. Approximately 80% of patients
with AP will develop a mild disease for which the
[2]
management is mainly conservative . However 20%
will develop a severe form that is associated with the
development of local complications such as pancreatic
and peripancreatic necrosis, pseudocysts, as well
as systemic complications such as adult respiratory
distress syndrome or renal failure. In the severe
form of AP, the mortality rate can reach 17% and is
primarily due to multiple organ failure and pancreatic
necrosis. In particular, pancreatic necrosis is associated
[3]
with a death rate of up to 40% .
The pathophysiology of necrotizing AP is not yet
[4-6]
fully understood, though animal studies
suggest
that an alteration in pancreatic microcirculatory
blood flow as well as arterial vasoconstriction and
ischemia-reperfusion injury are contributing factors.
Microcirculatory dysfunction results in part from
hypercoagulability and an increase in microvascular
permeability that is mediated by the local and systemic
inflammatory response (leukocyte activation as well as
[7]
release of free radicals and cytokines). Kusterer et al
showed that, in animals, pancreatitis is associated with
early arteriolar vasoconstriction and hypoperfusion
of the pancreatic microcirculation. Thus, early in the
course of AP, a decrease in pancreatic blood flow
occurs that potentially plays a role in the development
[4]
of necrotizing AP .
Epidural anesthesia (EA) is widely used to induce
analgesia in the perioperative period and has also
[8]
been used to decrease pain in patients with AP . In
addition, experimental studies have shown a specific
beneficial effect of EA in AP attributed to a sympathetic
nerve blockade that redistributes splanchnic blood flow
[9,10]
to non-perfused pancreatic regions
.
We previously performed an animal study showing
that EA improves pancreatic hypoperfusion induced
by AP and decreases the severity of metabolic acidosis
and tissue injury, thus preventing progression of an
[4]
edematous disease to necrotizing AP . Clinically this
can be measured with radiological perfusion studies of
[11]
the pancreas .
We conducted a clinical randomized pilot study
aimed at evaluating: (1) the safety of EA in predicted
severe AP patients; (2) whether EA increases the
perfusion of the pancreatic gland, which explains a
decrease in severity of the disease; and (3) whether
EA improves the clinical outcome of patients with
predicted severe AP.
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MATERIALS AND METHODS
Study design

We conducted a prospective randomized controlled
study and included data from all adult patients
admitted to the surgical unit of the University Hospital
of Geneva for predicted severe AP.
The study began in July 2005 and ended in
August 2010. The Ethics Board of Geneva’s University
Hospital approved the study in 2004 (HUG 02-0555).
The trial began as a pilot study when registration
was not mandatory. However, registration for rando
mized clinical trials was subsequently performed:
NCT01607996.
Upon admission, the severity of pancreatitis was
[12,13]
established according to the Ranson classification
.
We included all patients presenting an AP with a
Ranson score ≥ 2 and/or a C-reactive protein > 100
(mg/L) and/or necrosis on computed tomography (CT).
After obtaining written consent from the patients who
met the inclusion criteria, they were randomized into
two study groups: (1) study group treated with EA;
and (2) control group treated by patient controlled
intravenous analgesia (PCA). Randomization was
established with a closed envelope.
Exclusion criteria were absence of severe pancreatitis
as defined previously, patients with contraindications
to epidural anesthesia (skin infection of the vertebral
region, coagulation disorders, iodine allergy), inability
to obtain consent and concurrent participation in
another clinical trial. According to our standardized
protocol, all information on admission was gathered,
including demographic characteristics such as age,
sex and race. All medical information on past history,
diagnostic, radiological and biochemical data and past
and current medication was included.
For patients allocated to group 1 (treated with EA),
EA was inserted immediately after the admission CT
scan was obtained and used for up to 5 d following
randomization. The standardized protocol for EA
contained a mix of Carbostesine (Bupivacaine) at a
concentration of 0.1% and Fentanyl at 2 μg/mL. The
doses were established according to a pain score at
rest and at mobilization and according to the sensitivomotor bloc (ether test and Bromage scale). It was
administered with a continuous infusion of the mix at a
minimum of 6 mL to a maximum of 15 mL/h. A bolus
between 3 to 5 mL every 30 to 60 min could be added
upon request.
Patients allocated to group 2 received standardized
intravenous analgesia using a PCA, which was started
as soon as the patient was randomized. The me
dication contained Fentanyl at a concentration of 10
μg/mL. The continuous debit was used at a rate of 10
to 20 μg/h in association with pushes on demand of 1
to 2 mL every 5 to 10 min. The maximum dose was
400 μg every four hours. The duration of this therapy
was between 3 to 5 d and was conducted using the
same criteria as the EA.
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We evaluated pain management in the two groups
every eight hours using the visual analog pain scale
[14,15]
(VAS)
, scaled from zero to ten (zero meant no
pain, and ten meant the worst pain tolerable). All
modifications in pain management, blood pressure
surveillance, cardiac and respiratory frequency and
venous oxygen saturation were reported.
The same management was applied to the two
groups, including a nothing by mouth regimen, a
urinary catheter, prophylactic anticoagulation (Lique
mine 2-3 × 5000 U/d sc according to weight), an
antisecretory medication (Omeprazol 40 mg/d iv) and
parenteral nutrition according to patient weight and
local protocol.

CT scan protocol

Both groups were evaluated according the same
protocol. A CT scan was obtained on admission and 72
h after admission along with a radiological perfusion
study of the pancreas to evaluate pancreatic blood
flow. A significant variation in blood flow was defined
as a 20% difference in perfusion between admission
and 72 h measured in the head, body and tail of the
pancreas, which is higher than the maximal standard
deviation associated with the perfusion measures
[11]
(19.4%), as shown in a previous study at our center .
Perfusion series were anonymized and downloaded
separately from the rest of the CT examination,
onto a dedicated workstation. These perfusion series
were analyzed in a delayed fashion, once all patients
had been included in the series. For this reading the
radiologists were blinded to the treatment allocation
and especially to the presence of an epidural catheter
because perfusion images were limited to the upper
abdomen.
Perfusion studies were obtained on a 16 row CTscanner (MX 8000, Philips Medical Systems, Best, the
Netherland). Dynamic series (90 kV, 100 mAs) were
performed using four slices with a beam collimation of
6 mm, targeted on the pancreas. Acquisition started
simultaneously with an IV injection of a 40-mL bolus
of iodinated contrast [Ultravist 300 (iopromide),
Schering] at a flow-rate of 5 mL/s, performed during
a single breath-hold. A total of 160 images (40 images
for each slice level) were obtained during the dynamic
examination.
Perfusion images were analyzed on a dedicated
workstation (Advantage Windows, GE healthcare)
using the positive enhancement integral (PEI)
method, compatible with Contrast Enhanced Dynamic
Acquisitions, based on rates of contrast uptake by the
parenchyma.
Whenever possible, two different perfusion measure
ments by PEI were obtained on the head, body, and tail
of the pancreas for both the admission and control CT.
Perfusion measures were never performed in necrotic
tissue. For each of these areas, the examination
was considered relevant when the region of interest
remained within the pancreas parenchyma during
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Assessed for eligibility n = 49
Excluded n = 11
Not meeting inclusion criteria n = 2
Declined to participate n = 9

Randomized n = 38

Allocation
Allocated to intervention Epidural
Anesthesia n = 15
Received allocated intervention n = 13
Did not receive allocated intervention
(catheter problem, iodine allergy) n = 2

Allocated to control group n = 23
Received allocated intervention n = 22
Did not receive allocated intervention
(other study) n = 1

Follow-Up
Lost to follow-up n = 0

Lost to follow-up n = 0

Analysis
Analyzed n = 22

Analyzed n = 13

Figure 1 CONSORT diagram showing randomization and allocation of the study cohort.

the entire acquisition. The perfusion of a given area
was considered to be improved (respectively, to be
impaired) between the first and the second CT when
the PEI value measured on the second CT was at least
20% higher (respectively, lower) when compared to
the admission CT. When the difference in perfusion
was less than 20% between the two CT, the perfusion
was considered unchanged. When one of the two
measures was not feasible, no value was reported.

were used to compare dichotomous and continuous
variables between the two groups and results were
expressed as means with standard deviation and
proportions. Crude odds ratios (OR) and 95%CIs were
calculated. All statistical analyses were performed
using SPSS version 18.0.
We calculated that 50 patients were needed in each
group to detect an OR of > 2.5 with a significance level
of 0.05 and a power of 80% using power and sample
size calculation software version 2.1.31.

Definition of the “primary endpoint”

Our primary endpoint was determined by “Safety of
EA in patients with AP”.

Definition of covariates

Including: (1) pancreatic blood perfusion determined
by the CT analysis according to our perfusion protocol;
(2) parameters for clinical severity: length of stay
in the hospital, use of antibiotics, admission to the
intensive care unit, the clinical systemic and loco[16]
regional complication score established by Clavien ,
and requirements for surgical necrosectomy; (3) pain
was evaluated using the VAS to measure the effect
of EA on the severity of the pain due to AP; and (4)
complications detected by imaging studies: cysts
or fluid collections, necrotic collections and other
infectious adverse events.

Statistical analysis

Fisher’s exact test and the Wilcoxon Mann-Whitney test
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RESULTS
Between July 2005 and August 2010, a total of 49
patients met the inclusion criteria, as shown in Figure
1. After obtaining a written consent, 15 patients were
randomized to the EA group and 23 patients to the
control group. Of these, we had to exclude 2 patients
in the EA group because of contraindications to the
insertion of an epidural catheter and 1 patient in the
control group because of involvement in another study.
In summary, 13 patients were randomized to the EA
group and 22 patients to the control group. Follow-up
was the duration of the hospital stay.

Demographics of study population

Characteristics of each group and the results of
univariate analyses are summarized in Table 1.
Univariate analyses revealed that both groups were
similar with respect to age, sex, BMI, and comorbid
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perfusion measurements in the EA group and in the
control group respectively. The difference between the
perfusion improvement (n = 15) and all other cases
(no change or decrease, n = 42) was statistically
significant using a two-tailed Fisher’s exact test (P =
0.0025) (Figure 4).

Table 1 Clinical characteristics of patients with severe acute
pancreatitis
Factor

Epidural anesthesia Control group
(n = 13)
(n = 22)

Demographics
Age (yr)
66.08 (11.67)
Male sex, n (%)
7 (55.8)
BMI (kg/m2)
27.82 (6.13)
Pain duration prior
87.46 (198.85)
hospitalization (h)
Comorbid conditions, n (%)
Diabetes
3 (23.1)
Hypertension
2 (15.4)
High cholesterol
2 (15.4)
Obesity
1 (7.7)
Chronic alcoholism
3 (23.1)
Cardiovascular condition
2 (15.4)
Aetiology of pancreatitis, n (%)
Alcoholic
3 (23.1)
Biliary
7 (53.8)
Hyperlipidaemia
1 (7.7)
Medication
0
Unknown
2 (15.4)
Ranson score at
3.38 (1.12)
admission

57.36 (17.97)
12 (54.5)
29.15 (7.08)
90.86 (208.36)

P

value

1

0.092
0.968
0.623
0.962

Comparison of pancreatic necrosis on CT scan

0.561
3 (13.6)
7 (31.8)
3 (13.6)
5 (22.7)
3 (13.6)
1 (4.5)
0.901
6 (27.27)
13 (59.1)
1 (4.5)
0
2 (9.1)
2.68 (0.945)

0.056

1

Groups were compared with a t-test for continuous variables (or Wilcoxon
Mann-Whitney test) and a Pearson χ 2 test (or Fisher exact test) for categorical
variables. Values are mean (standard deviation) for continuous variables
and n (%) for categorical variables.

conditions.
The etiology of pancreatitis was not different
between the two groups (alcoholic AP in 23% of the EA
group vs in 27% of the control group, biliary AP 54%
vs 59%, hyperlipidemic AP 7.7% vs 4.5%, unknown
causes 15% vs 9.1% respectively, P = NS).
In the EA group, the mean Ranson score was
higher than in the control group (Ranson score 3.38 ±
1.12 vs 2.68 ± 0.9, P = 0.056), although this did not
reach statistical significance.

Safety of epidural anesthesia in patients with acute
pancreatitis

Our study showed no complications of the epidural
procedure in patients with predicted severe AP. There
were no catheter-related infections and no cases of
hemodynamic complications during procedure. The
median time of EA was 5.7 d.

Epidural anesthesia improves pancreatic perfusion

Altogether, 57 comparative perfusion measurements
were obtained in the same pancreatic area in both
groups on the first and on the second CT (114
measures in total). When comparing perfusion studies
on admission to those obtained at 72 h (Figures 2
and 3), a significant improvement in arterial perfusion
of the pancreas was observed in 13 (43%) of 30
measurements in the EA group, and in 2 (7%) of 27
measurements in the control group. No change in
perfusion was observed in 10 (33%) and 9 (33%)
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On the CT scans, we compared the radiological severity
[17]
score “Balthazar severity index”
between the two
groups ranging from 1 to 10 and based on pancreatic
morphology, pancreatic necrosis, and retroperitoneal
complications. As shown in Table 2, the Balthazar
score on admission was higher in the EA group than in
the control group (mean score 4.15 ± 2.54 vs 3.38 ±
1.75, respectively, P = 0.347) and was higher as well
at 48 h (mean score 4.69 ± 2.59 in the EA group and
4.17 ± 2.01 in the control group, P = 0.548).
Analysis of radiological interventions showed
that five patients in the EA group and ten patients in
the control group had a CT guided puncture of peripancreatic fluid or of necrotic collections (38.5% vs
45.5%, P = 0.68). Of these punctures, one in the
EA group and six in the control group were infected
(20% vs 54.5%, P = 0.3). This was not a statistically
significant difference.

Epidural anesthesia and requirements for necrosectomy

Surgical pancreatic necrosectomy was performed in
one patient in the EA group compared to four patients
in the control group (7.7% vs 18.2%, P = 0.63)
(Table 2). There was a trend towards EA reduction in
the risk of necrosectomy that did not reach statistical
significance.

Clinical outcome and mortality

To evaluate the clinical severity of AP, we looked at
sepsis, organ failure and the need for an ICU stay. As
shown in Table 2, the biochemical data on admission
and on day 2 (48 h) did not differ between the two
groups. Further, four patients in the EA group and
ten in the control group had to be admitted to the
intensive care unit (33% vs 45.5%, P = 0.493). In
the EA group, none of the patients developed clinical
sepsis and only one needed intubation, whereas in
the control group, six patients needed intubation for
acute respiratory distress (7.7% vs 27.3% had an
intubation, respectively, P = 0.22). Furthermore, the
use of antibiotics was not different between the two
groups (61.5% of patients of the EA group and 68.2%
of the control group, P = 0.689), nor was the duration
of therapy.
During hospitalization, the EA group developed
9 cases of loco-regional complications and 10 cases
of systemic complications compared to the control
with 12 cases of loco-regional complications and 13
systemic complications. According to Claviens’ grading
system from one to four, there was no significant
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Figure 2 Perfusion computed tomography color map and standard computed tomography of the pancreas obtained in a 75-year-old woman admitted for
acute severe pancreatitis, randomized to group 1 (epidural anesthesia). A: Axial image obtained at admission shows a positive enhancement integral (PEI) value
of 15.9 in the pancreatic body; B: Axial image obtained with control computed tomography (CT), 72 h after admission, shows a 29% improvement of the perfusion in
the pancreatic body (PEI of 20.5) when compared to admission values; C: Standard CT axial oblique image at the level of the pancreas obtained on admission, during
portal phase.

A

B

C

Figure 3 Perfusion computed tomography color map and standard computed tomography of the pancreas obtained in a 73-year-old man admitted for
acute severe pancreatitis, randomized to group 2 (control group). A: Axial image obtained on admission shows a positive enhancement integral (PEI) value of
16.5 in the pancreatic head; B: Axial image obtained with control computed tomography (CT), 72 h after admission, shows a 53% impairment of the perfusion in the
pancreatic head (PEI of 7.8) when compared to admission values; C: Standard CT axial oblique image, at the level of the pancreas obtained on admission, during
portal phase.

difference between the two groups in the mean score
for loco-regional and for systemic complications (locoregional: 1.54 ± 1.45 vs 1.55 ± 1.65, P = 0.99 and
systemic: 1.77 ± 1.64 vs 1.73 ± 1.75, P = 0.95) (Table 2).
Also, length of stay and mortality were not
statistically different between the two groups (26 d in
the EA group vs 30 d in the control group, P = 0.65,
and 0 mortality in both groups).

Epidural anesthesia improves pain management

The VAS showed an improvement in subjective pain
during the first twelve days in the EA group compared
to the control group, with a significant difference on
the day of EA implementation and at ten days. The
results for the mean pain score on a scale from one to
ten were before randomization 6.55 vs 7.31, P = 0.57;
after EA implementation 1.6 vs 3.5, P = 0.02; at day
one 0.57 vs 2, P = 0.06; at day five 1.86 vs 1.38, P =
0.69; at day ten 0.2 vs 2.33, P = 0.034; at day twelve
0 vs 2.8, P = 0.071 (Table 2).

DISCUSSION
This study is the first to randomize the use of EA for
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the treatment of AP. Previous studies have shown
a beneficial effect of EA on pain management in
[8,18]
patients with predicted severe AP
. Furthermore,
the safety of EA has been widely documented in
[19,20]
the literature
and its benefit on postoperative
[21-23]
morbidity and mortality are well known
.
We chose to present the results as a pilot study
because one primary and one secondary endpoint
showed statistical significance and several others
showed a trend towards better outcome after EA. Our
data indicated a better outcome for the EA group,
though this should be confirmed by a multi-center
phase Ⅱ clinical trial using a larger sample size.
More than one factor seems to activate the
pathological process leading to AP. The activation of
[24]
pancreatic enzymes leading to edema and necrosis ,
vasoconstriction and pancreatic ischemia may convert
mild disease to predicted severe AP with parenchymal
[13,25,26]
necrosis
. This has been demonstrated by Klar et
[6]
al who have shown experimentally that pancreatic
blood flow decreases with severe pancreatitis.
Previous studies have shown that EA increases
blood flow and delays metabolic acidosis, though this
[9,27]
has been largely investigated in the gut
. These
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No change

35

Decrease
Number of perfusion measures

30

Increase

In pancreatic
perfusion at
72 h

Table 2 Clinical outcome of patients with severe acute
pancreatitis
Factor

25
20

Biochemical data
Blood pH at admission
Blood pH day 2
CRP at admission (mg/L)
CRP day 2
Glucose at admission (mmol/L)
Glucose day 2
Amylase at admission (U/L)
Amylase day 2
Lipase at admission (U/L)
Lipase day 2
CT at admission Balthazar score
CT day 2 Balthazar score
CT guided puncture
Infected
Surgical treatments
Cholecystectomy
Necrosectomy
Caudal pancreatectomy
Clinical severity
ICU
Sepsis
Intubation
Medical treatments
Antibiotics
Nb of days
Systemic complications
Grading 1-4
Loco regional complications
Grading 1-4
Length of stay (d)
Death
Pain score VAS
Before randomization
VAS day0, EA implementation
VAS day 1
VAS day 2
VAS day 5
VAS day 7
VAS day 10
VAS day 12

15
10
5
0

a

EA

a
Control

Figure 4 Changes in pancreatic perfusion measurements at 72 h
compared to the measurements. On admission in the epidural anesthesia (EA)
and control group (significant increase, decrease or no change in perfusion). aP
= 0.0025 vs control.

effects have been attributed to a sympathetic nerve
blockade that redistributes blood flow to non-perfused
[9,10]
regions
.
At our center, using an animal model reproducing
[4]
AP, Demirag et al showed that EA has a beneficial
effect on the severity of AP, suggesting that EA leads
to an improvement in pancreatic blood flow with a
concomitant decrease in the severity of metabolic
acidosis and diminished tissue injury.
Development of pancreatic necrosis is a critical
event in AP that determines patient prognosis because
it is often accompanied by infection and multiple organ
dysfunction syndromes and, thus, is associated with
[3,28-30]
a high mortality
. Therefore, early detection of
necrosis is important for the appropriate treatment of
predicted severe AP. The literature supports the use
of CT scan perfusion studies to measure blood flow
[11,31,32]
and diagnose necrosis in the pancreas
. Our
measures of pancreatic perfusion showed significant
improvement of the parenchymal blood flow within the
pancreatic gland in the group treated with EA when
compared to the control group on admission and at
72 h. This observation substantiates the theory that
the severity of AP may be related to a vasoconstriction
phenomenon, which can be attenuated by EA. It also
suggests that the use of EA decreases progression
from edematous to severe necrotizing pancreatitis
caused by early ischemia of the gland and thus could
reduce the severity of the disease.
In our study, there was a significant drop in
subjective pain feeling at ten days as well as fewer
organ failures and admissions to the ICU in the group
treated with EA. Furthermore, the number of patients
with infected necrosis and subsequent sepsis requiring
necrosectomy was lower in the EA group, although this
was not statistically significant. In general, infection
occurs in about 40%-70% of patients with necrotizing
pancreatitis requiring surgical debridement with
[33]
necrosectomy . However, these procedures have
a high complication and mortality rate, ranging from
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Epidural
anesthesia
(n = 13)

Control
group
(n = 22)

P value1

7.4 (0.05)
7.43 (0.04)
58 (102)
274 (108)
10.66 (4.29)
8.36 (2.1)
1479 (1183)
239 (188)
1844 (1568)
108 (68)
4.15 (2.54)
4.69 (2.59)
5 (38.5%)
1 (20%)

7.38 (0.07)
7.4 (0.04)
87 (118)
245 (145)
9.5 (4.76)
7.9 (3.07)
1700 (1374)
306 (262)
1804 (1675)
211 (261)
3.38 (1.75)
4.17 (2.01)
10 (45.5%)
6 (54.5%)

0.270
0.180
0.470
0.550
0.480
0.630
0.640
0.440
0.940
0.190
0.347
0.548
0.686
0.308

5 (38.5%)
1 (7.7%)

13 (59.1%)
4 (18.2%)
1

0.240
0.630

4 (33.3%)
0 (0%)
1 (7.7%)

10 (45.5%)
2 (10%)
6 (27.3%)

0.493
0.508
0.220

8 (61.5%)
15 (68.2%)
19.7 (13.2)
16.3 (12.75)
10 (76.9%)
13 (59.1%)
1.77 (1.64)
1.73 (1.75)
9 (69.2%)
12 (54.5%)
1.54 (1.45)
1.55 (1.65)
26.15 (21.94) 30.05 (25.06)
0
0

0.689
0.580
0.283
0.945
0.392
0.990
0.646
1

6.55 (3.39)
1.6 (1.838)
0.57 (1.51)
1.63 (3.46)
1.86 (3.485)
3 (2.38)
0.2 (0.447)
2.8 (2.28)

7.31 (3.44)
3.5 (2.2)
2.0 (2.89)
1.67 (2.693)
1.38 (1.768)
2 (2.39)
2.33 (2.309)
0 (0)

0.572
0.020
0.066
0.637
0.694
0.346
0.034
0.071

1

Groups were compared with a t-test for continuous variables (or
Wilcoxon Mann-Whitney test) and a Pearson χ 2 test (or Fisher exact test)
for categorical variables. Values are mean +/- SD for continuous variables
and n (%) for categorical variables.

[34,35]

14%-26%
.
There is one main limitation to our study. The study
was interrupted and enrollment was closed after 49
patients because of the extreme difficulty encountered
in recruiting patients from the emergency setting
with severe acute pancreatitis. In addition, patients
randomized for EA had a higher dropout rate compared
to the standard therapy group. This resulted in uneven
study groups, which could bias our results. Further
trials are needed to increase the study population.
We propose that EA is beneficial for preventing
early tissue damage during AP by enhancing pancreatic
[4]
blood flow, as shown by our previous animal study
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and by the CT perfusion images in this study. In
conclusion, our study showed that EA significantly
increased arterial perfusion of the pancreatic gland
and suggested a trend towards improvement of the
clinical outcome for patients with predicted severe AP.
To confirm this statement, we plan to initiate a multicenter phase Ⅱ study.

is safe in patients with acute pancreatitis. Further, the study demonstrates
that there could be the benefit of preventing early tissue damage that could
potentially improve the patient’s clinical outcome.
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Abstract
AIM: To evaluate effects of dietary supplementation of
sulforaphane (SF)-rich broccoli sprout (BS) extract on
hepatic abnormalities in Japanese male participants.
METHODS: In a randomized, placebo-controlled,
double blind trial, male participants with fatty liver
received either BS capsules containing glucoraphanin
[GR; a precursor of SF (n = 24)] or placebo (n =
28) for 2 mo. Liver function markers, serum levels of
aspartate and alanine aminotransferases (AST and ALT,
respectively) and γ-glutamyl transpeptidase (γ-GTP)
and an oxidative stress marker, urinary levels of
8-hydroxydeoxyguanosine (8-OHdG), were measured
and compared in participants before and after the
trial period. In an animal model, chronic liver failure
was induced in Sprague-Dawley rats by successive
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intraperitoneal injection with N -nitrosodimethylamine
(NDMA) for 4 wk. Concomitantly, rats received AIN-76
diets supplemented with or without BS extract. There
after, rats were sacrificed, and their sera and livers were
collected to measure serum liver function markers and
hepatic levels of thiobarbituric acid reactive substances
(TBARS) levels and hepatic glutathione S -transferase
(GST) activity, a prototypical phase 2 antioxidant
enzyme.
RESULTS: Dietary supplementation with BS extract
containing SF precursor GR for 2 mo significantly
decreased serum levels of liver function markers, ALT
[median (interquartile range), before: 54.0 (34.5-79.0)
vs after supplementation: 48.5 (33.3-65.3) IU/L, P <
0.05] and γ-GTP [before: 51.5 (40.8-91.3) vs after:
50.0 (37.8-85.3) IU/L, P < 0.05], as well as the alkali
phosphatase activity. Placebo showed no significant
effects on the markers. The urinary level of 8-OHdG,
an established oxidative stress marker, was significantly
reduced in participants who had received BS capsules
but not the placebo [before: 6.66 (5.51-9.03) vs after:
5.49 (4.89-6.66) ng/mg-creatinine, P < 0.05]. The
reduction of urinary 8-OHdG was significantly correlated
with decreased levels of both ALT and γ-GTP [∆8-OHdG
and ∆ALT: Spearman r (r ) 0.514 and P = 0.012, ∆
8-OHdG and ∆γ-GTP: r = 0.496 and P = 0.016]. Intake
of BS extract prevented NDMA-induced chronic liver
failure in rats, which was attributable to the suppression
of the increase in TBARS through induction of hepatic
phase 2 antioxidant enzymes including hepatic GST
(86.6 ± 95.2 vs 107.8 ± 7.7 IU/g, P < 0.01).
CONCLUSION: Dietary supplementation with BS
extract containing the SF precursor GR is likely to be
highly effective in improving liver function through
reduction of oxidative stress.
Key words: Sulforaphane; Glucoraphanin; Broccoli
sprout; Nrf2; Hepatic abnormality; Oxidative stress;
Phase 2 enzymes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A randomized, placebo-controlled, double
blind trial was conducted to assess the efficacy of
dietary supplementation with broccoli sprout extract
containing glucoraphanin (GR), a sulforaphane (SF)
precursor, on hepatic abnormalities in Japanese
men without changing their lifestyle or habits. Suppl
ementation for 2 mo significantly decreased serum
levels of liver function markers such as alanine amino
transferase and γ-glutamyl transpeptidase. The effect
was associated with a reduction of urinary 8-hydro
xydeoxyguanosine, an oxidative stress marker. Dietary
supplementation with SF precursor GR is effective
in improving liver function, and represents a potent
method for maintaining good liver condition.
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INTRODUCTION
The prevalence of viral hepatitis has rapidly de
creased alongside the notable improvements in the
development therapeutic agents against viral hepatitis
over the past 25 years. Meanwhile, the incidence of
lifestyle-related “obesity and hepatic abnormalities”
has increased and thus, has focused the attention
of many researchers and clinicians involved in the
[1]
care and management of liver diseases . Nonalcoholic fatty liver disease (NAFLD) is a lifestylerelated liver disease that occurs in patients without
or with almost no history of alcohol intake and has
a high risk of accompanying necrosis/inflammation
and fibrosis of the liver. This so-called non-alcoholic
steatohepatitis (NASH) is one of the leading causes
[2]
of cirrhosis and liver cancer . In 2010, the Japanese
Society of Hepatology published “Guidelines for the
management of NASH/NAFLD 2010”, but there are
only a few established consensuses for the treatment
of NASH and NAFLD. A diet and exercise therapy is
preferentially chosen for the purpose of weight loss;
however, it is difficult to encourage patients to change
their lifestyles and habits. Prolonged medical treatment
has some risk of adverse effects. Alcoholic liver disease
(ALD), which comprises a spectrum of diseases
including alcoholic fatty liver, hepatitis, cirrhosis, and
hepatocellular carcinoma, remains a major health
[3]
problem worldwide . Stopping alcohol consumption
is the most effective strategy for the improvement of
ALD, but it is not always easy to preach temperance
to patients who thrive on alcohol consumption. We
therefore have been keen on developing dietary
methods for improving liver health and function
of patients without adverse effects and drastic
modification of lifestyle patterns including excessive
diet restriction and ergotherapy.
[4]
Sulforaphane (SF), identified in broccoli , is one
of the most fascinating phytochemicals in the world
because it protects aerobic cells against carcinogens
and toxic DNA-damaging electrophiles and oxidants
by induction of a network of phase 2 detoxification
and antioxidant enzymes, and by suppressing inflam
[5,6]
matory responses . Major cytoprotective effects of
SF are mediated by the transcriptional upregulation
of the Kelch-like ECH-associated protein 1 (Keap1)NF-E2-related factor 2 (Nrf2) pathway and other
anti-inflammatory mechanisms including inhibition
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[7,8]

of the NF-κB pathway
. Nrf2 has recently been
suggested to play a critical role in protecting liver
health not only from hepatotoxic chemicals but also
from lifestyle-related factors such as high-energy
[9-11]
food consumption
. Based on these mechanisms,
in animal experimental models, dietary SF has been
demonstrated to protect against a wide variety of
[12-15]
liver diseases caused by hepatotoxic chemicals
,
[16]
[17,18]
alcohol , and high energy diets
. To our know
ledge, however, the hepatoprotective effects of SF in
human subjects have never been reported so far.
[19-21]
Several clinical trials
have been conducted
with the focus on prevention or therapeutic effects
of SF against various types of cancer, because SF
was originally expected to be used as a cancer
chemopreventive agent. In previous trials, doses of
glucoraphanin (GR), a glucosinolate (GSL) precursor of
SF, were set at more than 400 μmol/d, which appears
to be much higher compared to the estimated daily
intake of GSLs (less than 100 μmol/d) according to
[22,23]
previous surveys
. From the aspect of safety based
on eating experience, a lower dose is suitable for
dietary supplementation with GR.
We herein describe the effects of dietary suppl
ementation with a lower dose of SF precursor GR
(approximately 69 μmol/d) on hepatic abnormalities in
Japanese men who did not undergo any fundamental
changes in their lifestyle and habits during the 2 mo of
the randomized clinical trial. This report will contribute
to develop potent dietary methods for improving liver
health and function.

MATERIALS AND METHODS
Preparation of broccoli sprout extract and test capsules
for the clinical trial

BS extract powder, which is industrially produced by
Kagome Co., Ltd., was used in the present study. BS
was grown from specially selected seeds (Caudill Seed
Co. Inc., Louisville, KY) for 1 d after the germination.
Then the 1-d-old BS was added into boiling water
and maintained at 95 ℃ for 30 min, and the sprout
residues were removed by filtration. The boiling
water extract was mixed with a dextrin and then
spray dried to yield the BS extract powder containing
135 mg (approximately 310 μmol) of GR per gram,
which was confirmed by a high performance liquid
[24-26]
chromatograph analysis as previously described
.
For the clinical trial, the BS extract powder was
blended with waxy corn starch, crystalline cellulose,
and calcium stearate, and then encapsulated in
hydroxypropyl methylcellulose capsules to yield 10
mg (approximately 23 μmol) of GR per a capsule (BS
capsule). Placebo capsules were prepared similarly
but without the BS extract powder. These were
prepared by a Good manufacturing practices facility
(Sansho Pharmaceutical Co., Ltd., Shizuoka, Japan).
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Design, protocol, participants, and outcome of the
clinical study

We conducted a randomized, placebo-controlled,
double blind trial from January through May 2014 at a
single institute, Tokai University Tokyo Hospital (Tokyo,
Japan) in accordance with the International Ethical
Guidelines and Declaration of Helsinki. The trial has
been registered with UMIN-CTR (#UMIN000012855).
The protocol was approved by the Institutional Review
Board for Clinical Research of Tokai University School
of Medicine (#13R-169) and the Ethics Committee of
Kagome Co. Ltd (#2013-R05).
Participants were recruited from among male
outpatients, aged between 30 and 69, who had higher
activity of at least one of three liver function markers,
alanine aminotransferase (ALT) ≥ 40 IU/L, aspartate
aminotransferase (AST) ≥ 35 IU/L, or γ-glutamyl
transpeptidase (γ-GTP) ≥ 80 IU/L for at least the
last 2 consecutive months, and who were diagnosed
with fatty liver using ultrasonography. Patients were
excluded if they had serious liver diseases, were
suspected of acute liver failure, viral hepatitis, or
other serious diseases including cardiac disease, renal
dysfunction (serum creatinine > 2.0 mg/dL), and bile
duct cancer, or if they habitually consumed higher
amounts of alcohol (more than 60 g of alcohol per
day). Written informed consent was obtained from all
participants.
Randomization was performed in a 1:1 ratio
using a random number table. Study treatment was
randomly assigned and labeled with the participant
numbers before the study. Participants were numbered
consecutively in the order in which they entered the
study. They received either 3 BS capsules containing
30 mg of GR, the precursor of SF, or the placebo for
2 mo. The participants as well as investigators were
blinded to the treatment until the study completion.
Primary outcome measures were decreased levels
of serum ALT, AST, and γ-GTP. Secondary outcome
measures were improvement of the following physical
parameters: body weight, body mass index (BMI),
and waist circumference; blood biochemical markers:
albumin, total bilirubin, alkali phosphatase (ALP),
choline esterase (ChE), ferritin, urinary acid (UA),
triglyceride (TG), total-cholesterol, high-density
lipoprotein (HDL)-cholesterol, and low-density
lipoprotein (LDL)-cholesterol, fasting blood sugar
(FBS), hemoglobin A1c (HbA1c), high-sensitivity
C-reactive protein (hs-CRP), serum adipokines (leptin
and adiponectin), urinary oxidative marker 8-hydroxy
deoxyguanosine (8-OHdG); and diagnosis of fatty liver
on ultrasonography.

Experimental protocols for animal models

Animal experiments were approved by the Animal
Care and Use Committee of Kagome Co., Ltd. in
accordance with the guidelines established by the
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Table 1 Composition of animal diets
Contents, g/100 g
Casein
Corn starch
Sucrose
Corn oil
Mineral mix1
Vitamin mix1
Choline bitartrate
Cellulose
BS extract
Glucoraphanin

Normal diet

BS low

BS middle

BS high

25.00
40.25
20.00
5.00
3.50
1.00
0.25
5.00
0.00
0.00

25.00
39.83
20.00
5.00
3.50
1.00
0.25
5.00
0.42
0.063

25.00
39.41
20.00
5.00
3.50
1.00
0.25
5.00
0.84
0.13

25.00
38.56
20.00
5.00
3.50
1.00
0.25
5.00
1.69
0.25

1

Based on AIN-76 diet. BS: Broccoli sprout.

Japanese Society of Nutrition and Food Science (Law
and Notification 6 of the Japanese Government). The
animal experiment was designed to minimize pain or
discomfort to the animals.
Male Sprague Dawley rats (7-wk-old) were accli
matized on an AIN-76 diet (CLEA Japan, Tokyo, Japan)
in individual stainless steel cages in a room maintained
at 20 ± 2 ℃, and a relative humidity of 65% ± 6%,
with a 12/12-h light cycle. Rats were divided into five
groups: sham, control, BS-low, BS-middle, and BShigh groups (sham: n = 6, others: n = 8 each). Sham
and control rats received the AIN-76 diet for 4 wk.
BS-low, BS-middle, and BS-high rats received 62.5,
125, and 250 mg of GR per 100 g of the AIN-76 diet,
respectively (Table 1). Except for sham, all rats were
intraperitoneally injected with N-nitrosodimethylamine
(NDMA) at a dose of 5 mg/kg body weight on 3
consecutive days (every Tuesday to Thursday) of
the week for 4 wk. Sham rats were injected with
the vehicle (saline) in the same manner. During this
period, their body weights and food intakes were
monitored. After 4 wk, rats were sacrificed with no
pain, and their blood and livers were harvested, frozen
in liquid N2, and stored at -80 ℃ until analyzed.

Biological assays

Parameters of blood biochemistry of participants
were automatically measured using an Auto Blood
Biochemistry Analyzer. Serum levels of adiponectin
and leptin were determined with an ELISA kit (Human
adiponectin ELISA kit, Otsuka Pharmaceutical Co., Ltd,
Tokushima, Japan) and an enzyme immune assay kit
(Human leptin highly sensitive assay kit, ImmunoBiological Laboratories Co., Ltd., Gunma, Japan),
respectively. Urinary levels of 8-OHdG were measured
with a commercial ELISA kit (New 8-OHdG check,
Japan Institute for the Control of Aging, Shizuoka,
Japan), and standardized to creatinine concentrations
that were measured using a creatinine urinary assay
kit (Cayman Chemical Company, MI).
Activities of AST and ALT in rat sera were deter
mined using a transaminase CII-test kit (Wako Pure
Chemical Institute, Osaka, Japan). Levels of albumin
and total bilirubin in rat sera were measured by
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using a modified bromocresol purple method and a
chemical oxidation method, respectively (SRL Inc.,
Tokyo, Japan). Hepatic levels of thiobarbituric acid
reactive substances (TBARS), byproducts of lipid
peroxidation, were measured according to the method
[24]
by Kikugawa et al . In brief, a portion of rat liver (0.5
g) was homogenized in 4.5 mL of ice-cold 10 mmol/L
Tris-HCl (pH 7.4) with a polytron homogenizer. The
homogenate was centrifuged at 12000 × g, for 20 min
at 4 ℃, and the supernatant (0.2 mL) was added to a
glass tube containing 0.65 mL of a reaction mixture,
0.04 mL of 5.0% sodium dodecyl sulfate, and 0.01
mL of 0.8% butylhydroxytoluene, 0.28 mL of 0.8%
thiobarbituric acid, and 0.32 mL of distilled water. After
the addition of 0.15 mL of 20% acetate buffer (pH 3.5),
the test tube was carefully sealed with a plastic paraffin
film and then incubated at 100 ℃ for 1 h. TBARS was
extracted with 1 mL of butanol/pyridine (15/1) and
then measured by spectrophotometric assay (OD 532
nm). Levels of TBARS in the liver were calculated using
a standard curve of 1,1,3,3-tetramethoxypropane
dissolved in ethanol. The enzyme activity of gluta
thione S-transferase (GST) was determined with
1-chloro-2,4-dinitrobenzene as the substrate as
[25]
described previously .

Statistical analysis

Parametric data are represented as the mean ±
SD and non-parametric data as the median with
percentile distribution. In the clinical trial, differences
between the two groups were analyzed using the
non-parametric Mann-Whitney U test, and compared
before and after intervention by using the Wilcoxon
single rank tests. Correlations between variables were
examined by using the Spearman rank correlation
test. In the animal experiment, differences among
five groups were analyzed with the Kruskal-Wallis test
followed by the Steel-Dwass test for non-parametric
data or with the ANOVA followed by the Tukey Kramer
test or the Dunnett test for parametric data. P values
less than 0.05 were considered significant.
The sample size in the clinical study was calculated
using an estimated 10% loss in the intervention
period, a confidence level of 95%, and a power of 80%
(at least 20 in each group). Statistical significance was
inferred at P < 0.05.
Statistical analyses were carried out using JMP (SAS
institute, Cary, NC).

RESULTS
Profile of participants

A total of 55 male outpatients were enrolled in this
clinical study, and assigned to one of the following
two groups: SF group (n = 27) and placebo group (n
= 28). Of those, 24 and 28 participants, respectively,
completed the study protocol and were available for
efficacy analyses. Three participants in the SF group
were excluded for following reasons: 2 had poor
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compliance and 1 had gallstone pancreatitis during
the intervention period. There were no adverse events
due to the treatment or to the study protocol. Table
2 shows the characteristics and baseline parameters
of primary outcome measures of participants in both
groups. No significant differences were observed in the
parameters including liver function markers, ALT, AST,
and γ-GTP.

Table 2 Initial clinical profiles of participants in the sulfo
raphane and placebo groups
Median (IQR)
n
Age, yr
BMI, kg/cm2
Waist circumference, cm
AST, IU/L
ALT, IU/L
γ-GTP, IU/L

SF group

Placebo group

24
51.5 (42.0-57.5)
25.7 (24.2-27.6)
86.5 (81.0-95.0)
37.5 (24.8-48.3)
54.0 (34.5-79.0)
51.5 (40.8-91.3)

28
56.0 (49.8-63.3)
25.9 (24.5-27.2)
92.3 (88.3-95.3)
30.0 (27.5-39.5)
41.5 (34.0-64.3)
52.0 (39.5-91.5)

Effect of BS treatment on primary outcome measures

1

Calculated by the Mann-Whitney U test. IQR: Interquartile range; AST:
Aspartate-aminotransferases; ALT: Alanine aminotransferase; γ-GTP:
γ-glutamyl transpeptidase; SF: Sulforaphane.

200

P < 0.05

NS

180
160

Serum ALT (IU/L)

140
120
100
80
60
40
20
0
Before

After
SF

400

Before

After

Placebo

P < 0.05

NS

350

Effects on other markers

300
Serum γ-GTP (IU/L)

Primary outcome measures of the present study were
significant decreases in serum levels of ALT, AST, and
γ-GTP by dietary supplementation with 30 mg of SF
precursor GR per day. Serum levels of those markers
before and after 2 mo of intervention are displayed
in Figure 1 and Table 3. A non-parametric Wilcoxon
single rank test revealed that serum levels of ALT
and γ-GTP, but not AST, were significantly decreased
comparing levels of ALT and γ-GTP before and after
intervention in the SF group, whereas, there were
no significant differences in the placebo group. The
mean percent changes in ALT and γ-GTP levels from
before intervention were -10.7% and -8.9% in the SF
group, which seemed to be larger than those (-4.3%
and -1.1%, respectively) in the placebo group (no
significant differences).
As shown in Table 3, serum levels of ALP and
albumin, relevant markers of liver function, were
significantly changed following treatment with capsules
containing GR. The median change in ALP levels (IU/L)
before and after the trial was -6.0 with an interquartile
range (IQR) of 17.8 in the SF group, and 3.5 with an
IQR of 25.5 in the placebo group, respectively (P <
0.05). Serum albumin levels were significantly lowered
in the SF group, but the change was very slightly, and
was within the reference level range.

250
200
150
100
50
0
Before

After
SF

Before

After

Placebo

Figure 1 Effect of supplementation with broccoli sprout extract containing
the sulforaphane precursor glucoraphanin on liver function markers in
male participants with hepatic abnormalities. A, B: Serum levels of alanine
aminotransferase (ALT) and γ-glutamyl transpeptidase (γ-GTP) in sulforaphane
(SF) and placebo group participants (n = 24 and 28, respectively) before and
after 2 mo of intervention. Each line between the circle symbols represents
individual change in serum levels of ALT and γ-GTP. P values were analyzed by
using the Wilcoxon single rank test.
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Dietary supplementation with 30 mg of GR in BS
capsules did not show any remarkable impact on
physical parameters (BMI and waist circumference)
and markers of sugar metabolism (FBS and HbA1c).
Only BMI significantly improved in the placebo group,
but the reason was unknown. However, relevant
markers of lipid metabolism were partly improved in
the SF group. At baseline, the median level of serum
total cholesterol was more than 200 mg/dL, which is
considered a borderline-to-high range according to the
American Heart Association. The level was lowered
to less than 200 mg/dL after supplementation with
BS capsules containing GR. Conversely, the level was
elevated in the placebo group. Neither HDL- nor LDLcholesterol levels were significantly changed in the
study. In association with the improvement of total
cholesterol level, serum activity of ChE, which is
known to be higher in those developing obesity and
fatty liver, was significantly decreased in the SF group.
Furthermore, a representative marker of oxidative

12461

November 21, 2015|Volume 21|Issue 43|

Kikuchi M et al . Sulforaphane improves liver function in humans
Table 3 Clinical parameters in sulforaphane and placebo group participants before and after trial, Median (interquartile range)
SF group (n = 24)
BMI, kg/m2
Waist Circumference, cm
AST, IU/L
ALT, IU/L
g-GTP, IU/L
Alb, g/dL
TB, mg/dL
ALP, IU/L
ChE, IU/L
Ferritin, ng/mL
UA, mg/dL
TG, mg/dL
TC, mg/dL
HDL-C, mg/dL
LDL-C, mg/dL
HbA1c, %
FBS, mg/dL
hs-CRP, mg/dL
8-OHdG, ng/mg-CRE
Adiponectin, μg/mL
Leptin, ng/mL

Placebo group (n = 28)

Before

After

25.7 (24.2-27.6)
86.5 (81.0-95.0)
37.5 (24.8-48.3)
54.0 (34.5-79.0)
51.5 (40.8-91.3)
4.6 (4.4-4.9)
0.9 (0.6-1.1)
210 (168-248)
390 (359-436)
281 (131-381)
6.1 (5.5-7.0)
146 (118-193)
201 (182-219)
50.0 (44.0-59.0)
123 (107-138)
5.7 (5.4-6.1)
105 (99.8-113)
0.067 (0.036-0.13)
6.8 (5.5-9.0)
6.1 (4.8-7.4)
5.9 (4.2-7.5)

25.8 (24.2-27.3)
88.8 (82.5-95.0)
37.5 (27.0-39.8)
48.5 (33.0-65.3)a
50.0 (37.8-85.3)a
4.5 (4.3-4.7)a
0.9 (0.7-1.2)
182 (166-140)a
388 (358-421)a
216 (136-365)
6.0 (5.4-6.8)
135 (95.5-208)
194 (184-211)a
48.5 (44.8-54.0)
123 (111-141)
5.7 (5.5-6.0)
106 (101-115)
0.059 (0.031-0.13)
5.5 (4.9-6.7)a
4.8 (4.1-7.7)a
5.8 (3.0-8.7)

Before
25.9 (24.6-26.8)
92.3 (88.4-95.3)
30.0 (27.5-39.5)
41.5 (34.0-64.3)
52.0 (39.5-127.5)
4.6 (4.5-4.7)
0.9 (0.6-1.1)
230 (206-274)
398 (369-458)
231 (162-322)
6.4 (5.4-6.8)
133 (99.3-166)
196 (183-224)
47.5 (44.8-58.0)
125 (116-142)
5.8 (5.5-6.1)
105 (99-115)
0.056 (0.037-0.14)
6.6 (5.3-8.4)
6.3 (4.6-9.5)
7.3 (5.2-11.4)

After
25.6 (24.5-26.8)a
91.4 (88.5-97.1)
26.0 (22.5-42.8)
40.5 (27.0-60.5)
53.0 (37-99)
4.6 (4.5-4.8)
0.8 (0.7-1.0)
231 (214-281)
406 (370-424)
215 (168-321)
6.1 (5.6-6.7)
113 (83.0-160)
207 (184-225)
49.5 (45.0-57.0)
137 (118-146)
5.8 (5.5-6.1)
106 (97.5-115)
0.068 (0.028-0.15)
6.1 (4.7-7.6)
6.1 (4.6-7.9)a
6.6 (4.1-10.1)

a

P < 0.05 vs before. AST: Aspartate-aminotransferase; ALT: Alanine aminotransferase; g-GTP: g-glutamyl transpeptidase; Alb: Albumin; TB: Total bilirubin;
ALP: Alkali phosphatase; ChE: Choline esterase; UA: Urinary acid; TG: Triglyceride; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol;
LDL-C: Low density lipoprotein cholesterol; HbA1c: Hemoglobin A1c; FBS: Fasting blood sugar; hs-CRP: High-sensitivity C-reactive protein; 8-OHdG:
8-hydroxydeoxyguanosine; CRE: Creatinine; SF: Sulforaphane.

but the other 9 participants did not. In participants
with ∆8-OHdG < 0 in the SF group, stratified analysis
showed clear trends of lowering both levels of ∆ALT
and ∆γ-GTP, where the median levels were lowered by
17 and 11.5 IU/L, respectively, compared with those
participants with ∆8-OHdG ≥ 0.

Table 4 Protective effect of broccoli sprout extract against
hepatotoxicity by N -nitrosodimethylamine
Group

n

Food intake

Sham
Control
BS-low
BS-middle
BS-high

6
8
8
8
8

20.3 ± 1.3
19.2 ± 1.7
19.3 ± 1.6
19.2 ± 2.1
18.9 ± 1.0

Body weight gain (g)

Liver weight

210.0 ± 23.7
174.4 ± 20.5
181.4 ± 20.3
186.8 ± 21.1
188.3 ± 8.7

17.1 ± 1.4
12.1 ± 1.5b
12.9 ± 1.6
13.9 ± 2.2
15.1 ± 1.4d

(g/d)

b

(g)

Protective effects of BS extract on NDMA-induced
chronic liver failure in rats

P < 0.01 vs sham; dP < 0.01 vs control. BS: Broccoli sprout.

stress, urinary 8-OHdG level was significantly reduced
by approximately 20% by dietary supplementation
with GR.

Relationship between reduction of oxidative stress and
improved liver function

The Spearman rank correlation test identified sign
ificant positive relationships between changes in levels
of urinary 8-OHdG (∆8-OHdG) and in liver function
markers (∆ALT and ∆γ-GTP) in participants in the SF
group (Figure 2A and B). No significant relationships
between in these levels were observed in the placebo
group. To further understand the contribution of
reduced oxidative stress in the improvements of liver
function markers, ∆ALT and ∆γ-GTP were compared in
participants with or without reduction in 8-OHdG levels
(∆8-OHdG < 0 and ≥ 0, respectively). In the SF group,
15 participants showed a reduction in 8-OHdG levels,

WJG|www.wjgnet.com

Repeated intraperitoneal injection of NDMA resulted
in a body weight loss of approximately 17% and a
significant reduction of liver weight (29%) in control
rats compared with sham rats (Table 4). The NDMAinduced hepatotoxicities were prevented by the
intake of BS extract in a dose-dependent manner. A
significant protective effect on reducing liver weight
was observed in rats belonging to the BS-high group.
There was no significant difference in food intake among
groups. Serum levels of representative liver function
markers, AST and ALT, were dramatically elevated in
control rats by more than 2-fold compared to sham
rats, which clearly showed that NDMA toxicity induced
chronic liver failure in the control rats (Figure 3A and
B). On the other hand, elevations of those levels were
dose-dependently prevented in rats that had been
fed diets containing serial doses of BS. Significant
differences from control were observed in BS-middle
and BS-high group rats. Furthermore, the intake of
BS resulted in the improvement of serum levels of
albumin and bilirubin, which are also used to evaluate
functions of the liver and bile duct (Figure 3C and D).
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Figure 2 Parallel improvements of an oxidative stress marker and liver function markers in sulforaphane group participants. A, B: Change levels of liver
function markers, alanine aminotransferase and γ-glutamyl transpeptidase (∆ALT and ∆γ-GTP) were respectively plotted against changes in levels of urinary
8-hydroxydeoxyguanosine (∆8-OHdG), an in vivo oxidative stress marker, in SF group participants (n = 24). Each circle represents individual data. Spearman r
and P were determined; C, D: ∆ALT and ∆γ-GTP were compared between participants with ∆8-OHdG < 0 (n = 15) and ∆8-OHdG ≥ 0 (n = 9). Each circle symbol
represents an individual data point. Bars in graphs represent median values. P values were obtained by using the Mann-Whitney U test.

Effect of BS on oxidative stress and antioxidant
enzymes in rat livers

In connection with the elevation of serum AST and
ALT activities, hepatic TBARS levels were significantly
increased in control rats, which indicated that NDMA
toxicity resulted in excess oxidative stress in rat livers
(Figure 4A). However, lower levels of hepatic TBARS
were observed in BS-fed rats. In particular, these levels
in the BS-high group rats improved almost completely.
Figure 4B shows the enzyme activities of hepatic GST,
a typical cytoprotective phase 2 enzyme that plays
an important role in the detoxification of NDMA and
in antioxidant activity. GST activity was very slightly
increased by repeated injection of NDMA, whereas it
increased significantly by continuous intake of BS.

DISCUSSION
The liver is so called a silent organ; symptoms tend not
to appear until a disease is well advanced. Therefore,
for the prevention of chronic liver failure, it is quite
important to manage liver condition on the basis of
serum levels of liver function markers, which can be
easily measured during routine health checkups. We
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describe herein the first demonstration that dietary
supplementation with BS extract containing a low dose
of GR (30 mg or approximately 69 μmol), a precursor
of SF, is much likely to be effective in the improvement
of liver function by reducing oxidative stress in male
participants with abnormally higher levels of liver
function markers.
The improvement on liver function was judged
from the results of the present randomized, placebocontrolled, double blind trial, where serum levels of
representative liver function markers, ALT and γ-GTP,
as well as the relevant marker ALP were significantly
lowered in male participants with fatty liver in SF
group who had taken BS capsules containing 30 mg
of GR per day for 2 mo, but not in placebo group
participants. Unfortunately, no significant differences
were observed in the decreased levels of the markers
between the SF and placebo groups, probably due to
the design of the present trial such as a small sample
size and a no limit on criteria for subject inclusion:
at least one higher activity of three liver function
markers, ALT ≥ 40 IU/L, AST ≥ 35 IU/L, or γ-GTP
≥ 80 IU/L. In the present trial, serum levels of liver
function markers were decreased in some participants
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Figure 3 Effects of intake of broccoli sprout extract on liver function markers in serum from N-nitrosodimethylamine-induced chronic liver failure model
rats. A, B: Serum activities of aspartate-aminotransferases (AST) and alanine aminotransferase (ALT) in male Sprague-Dawley rats who had received an AIN-76 diet
containing no (sham, n = 6 and control, n = 8) or different amounts of BS extract at glucoraphanin (GR) doses of 62.5, 125, and 250 mg per 100 g diet (BS-low, BSmiddle, and BS-high, respectively, n = 8) for 4 wk. All rats, except for the sham group, were intraperitoneally injected with N-nitrosodimethylamine (5 mg per kg body
weight) on 3 consecutive days of the week for 4 wk; C, D: Serum levels of albumin and bilirubin in the rats. Data are shown as boxplots representing the minimum (bottom
of the bar), 25th percentile (bottom of the box), median (horizontal line), 75th percentile (top of the box), and the maximum observations (top of the bar). aP < 0.05 vs
sham; cP < 0.05, dP < 0.01 vs control (Steel-Dwass test). BS: broccoli sprout.
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Figure 4 Effects of intake of broccoli sprout extract on oxidative stress and enzyme activity of glutathione S-transferase in livers from
N-nitrosodimethylamine-induced chronic liver failure model rats. A: thiobarbituric acid reactive substances (TBARS) levels were determined in livers from serum
activities of alanine aminotransferase (AST) and alanine aminotransferase (ALT) in male Sprague-Dawley rats who had received an AIN-76 diet containing no (sham,
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even in the placebo group possibly because of the socalled placebo effect or subtle lifestyle related bias,
although actual reasons are unclear. However, the
lowering activities of the markers were not associated
with reduction of urinary levels of 8-OHdG as a
biological marker of oxidative stress in the placebo
group, which was distinctly different from that in the
SF group participants. This suggested that continuous
intake of GR for 2 mo surely affected physiologies
of participants beyond the placebo effect, and the
reduction of oxidative stress was much likely to be
involved in the improvement of liver function. The
urinary level of 8-OHdG has been established to reflect
oxidative damage of DNA occurring in various cells and
[26,27]
tissues in the body
, and thereby widely used for
[28]
evaluating in vivo oxidative stress . As for the liver, a
previous clinical study showed significant correlations
between hepatic expression levels and urinary levels
[29]
of 8-OHdG in patients with chronic hepatitis C . In
the present clinical trial, although a biopsy test was
not conducted, hepatic oxidative stress might also be
reduced in the SF group participants.
As previously mentioned, there is no report
describing the efficacy of SF or BS preparations on
the improvement of hepatic abnormalities in humans
to date, whereas many animal experiments have
been carried out to demonstrate the hepatoprotective
effects of SF and clarify the underlying mechanism
involved. Traditional experimental models in toxicology
have demonstrated that intake of SF or the precursor
GR can markedly prevent liver damage induced
by a wide variety of hepatotoxic chemicals such as
[12]
[13]
[14]
cisplatin , mycocystin , carbon tetrachloride ,
acetaminophen (unpublished our preliminary data),
[15]
and D-galactosamine and lipopolysaccharide .
Additionally, it has been suggested that SF is potent
in preventing lifestyle-related liver diseases caused
[16]
by excessive consumption of alcohol
and high
[17,18]
energy diets
. These hepatoprotective effects
have been suggested to be attributable to eminent
inducer potency of SF for phase 2 cytoprotective
proteins including antioxidant and detoxifying enzymes
through activation of the transcriptional factor Nrf2.
This speculation is strongly supported by numerous
basic studies using Nrf2 knockout mice and cells,
which revealed that Nrf2 plays an essential role in the
[30,31]
prevention of liver diseases
.
In the present study, we assessed the potency
of the BS extract containing the SF precursor GR
as an inducer of Nrf2 and its downstream phase 2
cytoprotective enzymes in animal models. Intake of
the BS extract for 4 wk significantly increased the
hepatic activity of GST, a typical phase 2 enzyme.
Consequently, elevation of oxidative stress and
resulting liver failure by successive exposure to NDMA
was significantly prevented in rats fed the BS extract.
This finding ascertained the inducer potency of the BS
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extract used in the present clinical trial, and inferred
that Nrf2-regulated phase 2 enzymes might also be
induced in participants by supplementation with BS
capsules in lieu of biopsy data of the human liver.
Of special note is that the dose of SF precursor GR
was set at 30 mg (approximately 69 μmol) per day in
the present clinical trial, which was much lower than
previous clinical studies evaluating cancer prevention
effects of SF. The therapeutic effect on Helicobacter
pylori infection was demonstrated by a continuous daily
[19]
intake of 70 g of fresh BS containing 420 μmol GR .
Furthermore, in a large-scale randomized clinical study
in China, a detoxification effect on airborne pollutants
was clearly observed in participants given a BS
[20,21]
beverage containing 800 μmol GR
. It is generally
recognized that GR is a safer compound based on a
long-term eating habit of broccoli and other cruciferous
vegetables, which was also demonstrated by previous
[32,33]
clinical trials including phase Ⅰ studies
and the
above-mentioned high-dose tests. However, we set our
study to the lower GR dose, which was considered a
sufficiently safe dose even for participants with hepatic
abnormalities, because of the estimated range of daily
intake of GSLs from cruciferous vegetables. A dosedependent effect should be examined in future trials.
Our study has several limitations. First, in addition
to the small sample size as mentioned above, only
male participants were recruited for this randomized
clinical trial. Thus, the efficacy of the BS extract
on female participants is unclear. Second, the trial
period was only 2 mo, which was shorter than the
previously reported randomized controlled trials
[34]
describing the efficacy of silymarin from milk thistle .
Although the longer term effects of BS extract is yet
unknown, striking outcomes could be obtained in
future intervention studies with a longer period of
observation. Third, the BS extract but not the purified
SF was used in the present study. Similar to a number
of previous studies, our BS extract contains a rich
SF precursor of GR; therefore, we consider SF as
the predominant active compound in the BS extract
responsible for the reduction in oxidative stress and
the resulting improvement in liver function. Fourth,
we did not perform a histological and pathological
examination of fat deposition, inflammation, or fibrosis
in the liver. In a future randomized clinical trial that is
being planned, we will address the above-mentioned
limitations to comprehend the efficacy of the BS
extract containing the SF precursor in liver diseases.
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Abstract
AIM: To provide an overview of the clinical outcomes
of self-expandable metal stent (SEMS) placement for
malignant gastric outlet obstruction (MGOO).
METHODS: A systematic literature search was
performed in PubMed of the literature published
between January 2009 and March 2015. Only
prospective studies that reported on the clinical
success of stent placement for MGOO were included.
The primary endpoint was clinical success, defined
according to the definition used in the original article.
Data were pooled and analyzed using descriptive
statistics. Subgroup analyses were performed for
partially covered SEMSs (PCSEMSs) and uncovered
SEMSs (UCSEMSs) using Fisher’s exact test.
RESULTS: A total of 19 studies, including 1281
patients, were included in the final analysis. Gastric
(42%) and pancreatic (37%) cancer were the main
causes of MGOO. UCSEMSs were used in 76% of
patients and PCSEMSs in 24%. The overall pooled
technical success rate was 97.3% and the clinical
success rate was 85.7%. Stent dysfunction occurred
in 19.6% of patients, mainly caused by re-obstruction
(12.6%) and stent migration (4.3%), and was
comparable between PCSEMSs and UCSEMSs (21.2%
vs 19.1%, respectively, P = 0.412). Re-obstruction
was more common with UCSEMSs (14.9% vs 5.1%,
P < 0.001) and stent migration was more frequent
after PCSEMS placement (10.9% vs 2.2%, P < 0.001).
The overall perforation rate was 1.2%. Bleeding was
reported in 4.1% of patients, including major bleeding
in 0.8%. The median stent patency ranged from 68
to 307 d in five studies. The median overall survival
ranged from 49 to 183 d in 13 studies.
CONCLUSION: The clinical outcomes in this large
population showed that enteral stent placement was
feasible, effective and safe. Therefore, stent placement
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is a valid treatment option for the palliation of MGOO.
Key words: Stents; Gastric outlet obstruction; Stomach
neoplasms; Pancreatic neoplasms; Intestinal obstruction;
palliative care; Systematic review
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this pooled analysis of the prospective
literature published since January 2009, we provide an
extensive overview of the clinical outcomes of stent
placement for malignant gastric outlet obstruction.
We analyzed the technical and clinical success, stent
dysfunction, stent patency, perforation, bleeding and
overall survival in 1281 patients treated with enteral
stent placement.
van Halsema EE, Rauws EAJ, Fockens P, van Hooft JE. Selfexpandable metal stents for malignant gastric outlet obstruction:
A pooled analysis of prospective literature. World J Gastroenterol
2015; 21(43): 12468-12481 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i43/12468.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i43.12468

INTRODUCTION
Gastric outlet obstruction is a syndrome characterized
by nausea (90%), vomiting (83%), regurgitation
[1]
(69%) and abdominal pain (66%) . The majority of
patients (> 75%) presenting with malignant gastric
outlet obstruction (MGOO) cannot tolerate solids, and
approximately 40% of patients have no oral intake at
[1]
all . Pancreatic cancer is the most common cause of
[1-3]
MGOO in Western countries , while gastric cancer is
[4-6]
the leading cause of MGOO in Eastern Asian studies .
Gastric outlet obstruction is usually a late sign of
a locally advanced or metastatic cancer, requiring
palliative management. These patients have a poor
prognosis with a mean survival of approximately
[7]
[8,9]
100 d (3.3 mo) , and an impaired quality of life .
The aim of palliative therapy is to relieve obstructive
symptoms and to allow oral intake. Treatment options
for MGOO are endoscopic stent placement (Figure 1),
surgical bypass by means of a gastrojejunostomy, a
percutaneous gastrostomy (PEG) serving for gastric
decompressing with subsequent jejunal feeding tube
placement, and pharmacological therapy aiming for
improvement in gastric emptying, relief of symptoms
[7,10-12]
and comfort
. Comparison of enteral stenting
and gastrojejunostomy revealed sooner return to
oral intake and shorter hospital stay after stent
[7,13]
placement
. On the long term, however, patients
with an enteral stent have more recurrent obstruction
[9]
and require more re-interventions . Therefore, one
might argue that patients with a relatively short
survival benefit the most from enteral stent placement.
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The stents used for the endoscopic treatment of
MGOO are self-expandable metal stents (SEMSs)
(Figure 2). They consist of a flexible framework of
wire mesh made of nitinol, a metal alloy of nickel and
titanium, and are either uncovered or covered by
a polytetrafluoroethylene, polyurethane or silicone
membrane. Over the past years many studies have
been published on the clinical outcomes of enteral
stent placement for MGOO. With a pooled analysis of
the recent literature we aim to provide an overview
of the clinical outcomes of SEMS placement for
MGOO, including subgroup analyses for covered and
uncovered SEMSs.

MATERIALS AND METHODS
The PubMed database was searched for relevant
articles published between January 2009 and March
2015. This period was chosen because during the past
years new stent designs have emerged and before
2009 the studies were usually small and retrospective.
The search terms used were gastric outlet obstruction,
duodenal obstruction, malignant and stents. A single
reviewer (van Halsema EE) selected relevant articles
by title and abstract. Only prospective studies that
reported on the clinical success and safety of stent
placement for MGOO were included. Studies with a
sample size of less than 10 patients were excluded
to avoid pilot studies with experimental stent designs
and because the average series in this field usually
contains a minimum of at least 30 patients. The
search strategy and exclusion criteria are presented in
Figure 3. The primary endpoint was clinical success of
stent placement. Secondary endpoints were technical
success of stent placement, stent dysfunction, stent
patency, perforation, bleeding and survival. Clinical
success was defined according to the definition used
in the original article. These definitions all comprised
the ability to tolerate oral intake, improvement in
Gastric Outlet Obstruction Severity Score or relief of
obstructive symptoms, up to 14 d after enteral stent
placement. Stent dysfunction included re-obstruction
by tumor in- or overgrowth, stent migration, stent
compression by tumor pressure, insufficient expansion
after deployment, stent fracture and food occlusion.
Technical success was defined as successful stent
placement across the obstructing tumor. Perforation
and bleeding were analyzed when reported, regardless
whether they were thought to be unrelated to enteral
stent placement.

Statistical analysis

Data were pooled and analyzed as an intention-to-treat
analysis. Pooled data were presented as frequency and
proportion. The median in days was used to report
the stent patency and overall survival, because the
median was reported most frequently in the original
articles. Fisher’s Exact Test was used to compare two
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Figure 1 Endoscopic view of a gastric antrum adenocarcinoma involving the pylorus and causing obstructive symptoms (A) for which an uncovered
WallFlex stent (Boston Scientific) was placed (B). Fluoroscopic view shows the fully deployed stent across the pylorus (C) with good passage of contrast to the
duodenum (D).

A

B

C

D

Figure 2 Endoscopic view of an adenocarcinoma of the distal stomach invading the duodenal bulb causing a gastric outlet obstruction (A) for which an
uncovered WallFlex stent (Boston Scientific) was placed (B). Fluoroscopic view shows the fully deployed stent in the duodenal bulb (C) with good passage of
contrast to the distal duodenum (D).
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("Gastric Outlet Obstruction"[Mesh] OR "Duodenal
Obstruction"[Mesh] OR (gastric outlet obstruction) OR (duodenal
obstruction)) AND ("Stents"[Mesh] OR stent*[tiab]) AND malign*

Limitations:
Period: January 2009-March 2015
Language: English

PubMed: 196 hits

Exclusion criteria:
Irrelevant title/abstract
Reviews, case reports
Upper GI stenting, including esophageal stenting
Retrospective study design

Articles identified: 32

Additional exclusions:
Sample size < 10 patients: 5
No access to full text: 1
Duplicate publications: 2
Second stent insertion: 1
Clinical success and/or stent dysfunction not analyzed: 4

Articles included: 19

Figure 3 PubMed search. GI: Gastrointestinal.

proportions using WinPepi, Version 11.26, freeware
[14]
computer programs for epidemiologists . Two-sided P
values < 0.05 were considered statistically significant.

Technical and clinical success

RESULTS
Thirty-two relevant prospective studies were identified.
Figure 3 shows the results of the literature search.
Thirteen articles were excluded because of the
following reasons: the sample size was insufficient (n
[30-34]
= 5)
, the primary endpoint as defined before was
[8,35-37]
not analyzed (n = 4)
, second stent insertion was
[38]
analyzed (n = 1) , the full text was not accessible
[39]
(n = 1)
or because of duplicate publication (n =
[40,41]
2)
. Nineteen prospective studies, including four
randomized controlled trials (RCTs), were included
[1,2,5,9,15-29]
in the final analysis (Table 1
). A total of
1281 patients underwent enteral stent placement for
MGOO. Gastric cancer (42%) was the most common
indication for stent placement, followed by pancreatic
cancer (37%). Uncovered SEMSs (UCSEMS) were
used in 75.7% of patients and partially covered SEMSs
(PCSEMS) in 24.3%. The majority of patients (93.5%,
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692/740) received a single stent during the initial
procedure and 6.5% (48/740) required two stents.
The baseline characteristics are summarized in Table 2.

Technical success was achieved in 97.3% (range
89.1%-100%) of patients and was significantly higher
for PCSEMSs in comparison with UCSEMSs: 99.4% vs
96.6% (P = 0.008). The main reasons for technical
failure were the inability to pass the guidewire
across the stenosis (1.0%), stent migration during
deployment (0.3%) and insufficient deployment
(0.3%). Technical failure due to a procedure-related
[25]
perforation was reported in one case (0.1%) .
The overall clinical success rate was 85.7% (range,
57.8%-97.4%). PCSEMSs had a significantly higher
clinical success rate than UCSEMSs: 92.3% vs 83.6%
(P < 0.001). Four studies compared the clinical
[5,15,16,24]
outcomes of PCSEMSs and UCSEMSs
. In those
comparative studies, the pooled clinical success rates
of PCSEMSs and UCSEMSs were 94.3% (164/174) and
93.6% (175/187), respectively (P = 0.829). Further
details are summarized in Table 3.
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China

Shi et al[17]
2013

Italy,
Netherlands,
Australia,
Czech Republic,
Canada, United
States

Tringali et al[1]
2014

China

Shi et al[16]
2014

GC: n = 37

Pros, n = 37

PC: n = 58
GC: n = 14
BDC: n = 7
GBC: n = 7
DC: n = 5
APC: n = 3
OT: n = 14

Pros, n = 108

GC: n = 65

RCT, n = 65

GC: n = 27
PC: n = 26
BDC: n = 7
OT: n = 2

RCT, n = 62

Maetani et al[15]
2014

Japan

Design,
patients,
indication

Ref.

Table 1 Literature table

Biliary obstruction: NR

No. of stents:
1: n = 35
2: n = 2

Biliary obstruction:
Yes: n = 56
No: n = 52

No. of stents:
1: n = 106
2: n = 2

Biliary obstruction: NR

No. of stents:
1: n = 65

Biliary drainage:
Yes: n = 24
No: n = 38

No. of stents:
1: n = 58
2: n = 4

1

No. of stents , biliary
obstruction

PCSEMS:
-MicroTech (cupor funnelshaped)

UCSEMS:
-Evolution

PCSEMS:
-Micro-Tech
(tailored cupor funnelshaped)

UCSEMS:
-Micro-Tech

PCSEMS:
-Niti-S Comvi

UCSEMS:
-Niti-S

Stent type

97.3% (36/37)

99.1%
(107/108)

96.9% (63/65)
-UCSEMS:
96.9% (31/32)
-PCSEMS:
97.0% (32/33)

100% (62/62)

Technical
success

Relief of
obstructive
symptoms

94.4% (34/36)

Relief of
symptoms and/or
improvement of
oral intake at 14 d

Resolution of
symptoms and the
ability to restart
a low residue
diet after stent
placement
84.5% (82/97)

93.7% (59/63)
-UCSEMS: 93.5%
(29/31)
-PCSEMS: 93.8%
(30/32)

≥ 1 grade of
improvement in
GOOSS at any
visit compared to
baseline

90.3% (56/62)
-UCSEMS: 93.5%
(29/31)
-PCSEMS: 87.1%
(27/31)

Clinical
Success, definition

Mild bleeding: 40.5% (15/37)
Major hemorrhage: 2.7% (1/37)
Abdominal pain: 37.8%
(14/37)
Perforation: 0%

Overall: 32.4% (35/108),
including 19.4% (21/108)
stent-related
Perforation: 1.9% (2/108)
Bleeding: 4.6% (5/108)
No intervention required
Abdominal pain: 1.9%
(2/108)
Other GI events: 15.7%
(17/108)

Mild bleeding: 20% (13/65)
-UCSEMS: 6.3% (2/32)
-PCSEMS: 33.3% (11/33)
Mild abdominal pain: 21.5%
(14/65)
-UCSEMS: 3.1% (1/32)
-PCSEMS: 39.4% (13/33)

Perforation: 1.6% (1/62)
-PCSEMS: 3.2% (1/31)
Major bleeding: 1.6% (1/62)
-UCSEMS: 3.2% (1/31)

Adverse events

Overall: 5.4% (2/37)
Food impaction: 5.4% (2/37)
Migration: 0%
Re-obstruction: 0%

Overall: 22.6% (14/62)
-UCSEMS: 29.0% (9/31)
-PCSEMS: 16.1% (5/31)
Re-obstruction: 9.7% (6/62);
-UCSEMS: 19.4% (6/31)
-PCSEMS: 0% (0/31)
Migration: 4.8% (3/62)
-UCSEMS: 3.2% (1/31)
-PCSEMS: 6.5% (2/31)
Fracture: 4.8% (3/62)
-UCSEMS: 6.5% (2/31)
-PCSEMS: 3.2% (1/31)
Insufficient expansion: 3.2% (2/62)
-UCSEMS: 0% (0/31)
-PCSEMS: 6.5% (2/31)
Overall: 18.5% (12/65)
-UCSEMS: 25% (8/32)
-PCSEMS: 12.1% (4/33)
Re-obstruction: 12.3% (8/65)
-UCSEMS: 21.9% (7/32)
-PCSEMS: 3.0% (1/33)
Migration: 3.1% (2/65)
-UCSEMS: 0%
-PCSEMS: 6.1% (2/33)
Food impaction: 3.1% (2/65)
-UCSEMS: 3.1% (1/32)
-PCSEMS: 3.0% (1/33)
Overall: 17.6% (19/108)
Re-obstruction: 15.7% (17/108)
Migration: 1.9% (2/108)

Stent dysfunction

NR

Estimated
patency rates:
-At 14 d: 94.6%
(88/93)
-At 60 d: 86.2%
-At 180 d: 63.4%

NR

PCSEMS: 68 d
UCSEMS: 88 d
(P = 0.70)

Stent patency,
median (range)

FU: until death

FU: until 6 mo, death
or re-intervention
Mean 232 (28-387) d

Patients who died
before 6 mo follow-up:
52 (9-180) d

Patients who
completed 6 mo
follow-up (11/108):
182 (178-195) d

FU: until death

Standard UCSEMS:
mean 212 (43-267) d

Tailored PCSEMS:
mean 231 (30-387) d

FU: 83.5 d; until death

PCSEMS: 73 d
UCSEMS: 93 d
(P = 0.34)

Survival, follow-up,
median (range)
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Spain

Dolz et al[21]
2011

Brazil

Moura et al[20]
2012

Japan

Italy, Czech
Republic, South
Africa, Canada,
Sweden,
Brazil, France,
Germany,
Finland, Spain
Isayama et al[19]
2012

Costamagna
et al[2]
2012

Netherlands

van den Berg
et al[18]
2013

GC: n = 29
PC: n = 20
DC: n = 5
GBC: n = 4
BDC: n = 3
APC: n = 3
OT: n = 6
Unk: n = 7

PC: n = 9
GC: n = 3
BDC: n = 1
OT: n = 2
Pros, n = 77

Biliary obstruction:
Yes: n = 30
No: n = 20

PC: n = 26
GC: n = 14
BDC: n = 9
OT: n = 1
Pros, n = 15

Biliary obstruction: NR

No. of stents: NR

Biliary drainage:
Yes: 8
No: 7

No. of stents: NR

No. of stents: NR

Biliary drainage:
Yes: n = 127
No: n = 75

No. of stents:
1: n = 192
2: n = 10

Biliary drainage:
Yes: n = 34
No: n = 12

No. of stents:
1: n = 43
2: n = 3

Pros, n = 50

PC: n = 104
GC: n = 37
DC: n = 18
BDC: n = 12
GBC: n = 12
APC: n = 2
OT: n = 17

Pros, n = 202

PC: n = 25
GC: n = 5
BDC: n = 7
DC: n = 3
GBC: n = 1
OT: n = 5

Pros, n = 46

98.0%
(198/202)

89.1% (41/46)

UCSEMS:
-WallFlex
-Wallstent
-Ultraflex

UCSEMS:
-WallFlex

92.2% (71/77)

100% (15/15)

PCSEMS:
100% (50/50)
-ComVi Niti-S
(modified)

UCSEMS:
-WallFlex

UCSEMS:
-Evolution

GOOSS 2-3 poststenting

81.7% (58/71)

Improvement of
GOOSS at 15 d

Relief of
symptoms or
improvement in
GOOSS after 3 d
80% (12/15)

90% (45/50)

Pneumonia: 1.4% (1/71)
Central catheter infection:
1.4% (1/71)
Self-limiting bleeding: 7.0%
(5/71)
Late perforation: 2.8% (2/71)
Intense pain: 2.8% (2/71)

Removal of foreign body: 7%
(1/15)

Cholangitis: 2% (1/50)
Mild pancreatitis: 2% (1/50)
Minor perforation: 2% (1/50)

Overall: 56.5% (26/46)
Procedure-related:
Improvement of
-Perforation: 2.2% (1/46)
GOOSS of ≥ 1
-Pancreatitis: 2.2% (1/46)
point and/or relief
-Pain: 2.2% (1/46)
of symptoms after
-Cholangitis: 2.2% (1/46)
1 wk
Non procedure-related:
-Acute abdomen: 2.2% (1/46)
-Cholangitis: 13.0% (6/46)
-Jaundice: 4.3% (2/46)
-Anemia: 8.7% (4/46)
-Pneumonia: 2.2% (1/46)
-CVA: 6.5% (3/46)
-Ascites: 4.3% (2/46)
-Motility disorder: 10.9%
(5/46)
91% (177/195)
Overall: 20.3% (41/202)
Transient periprocedural
Relief of
symptoms: 3.5% (7/202)
obstruction as
Bleeding: 3.0% (6/202)
measured by oral
-Major: 2.0% (4/202)
intake
-Self-limiting: 1.0% (2/202)
Perforation: 0.5% (1/202)

71.7% (33/46)

Re-obstruction: 14.1% (10/71)
Insufficient expansion: 4.2% (3/71)

Re-obstruction: 13% (2/15)
Migration: 13% (2/15)

Overall: 18% (9/50)
Re-obstruction: 10% (5/50)
Stent migration: 6% (3/50)
Insufficient expansion: 2% (1/50)

Re-obstruction: 12.4% (25/202)
Migration: 1.5% (3/202)
Food impaction: 0.5% (1/202)

Overall: 30.4% (14/46)
Re-obstruction: 19.6% (9/46)
Stent compression: 4.3% (2/46)
Migration: 4.3% (2/46)
Food impaction: 2.2% (1/46)

NR

Mean time to
first failure to
maintain GOOS
2-3: 2.35 mo

Mean ± SD: 149.8
± 8.9 d

Maintaining
GOOS score of
2-3 (n = 149):
91 d (95%CI:
87-182)

67% for up to 395
d, accounting for
death unrelated
to stent

FU: NR

91 (9-552) d

FU: until 180 d

NR

FU: NR

106 d

FU: until 9 mo

Survival rate at 9 mo:
28.2%

FU: until death

87 (IQR 35-237) d
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Japan

Maetani et al[25]
2010

South Korea

Kim et al[24]
2010

Netherlands

Jeurnink et al[9],
2010

Netherlands

van Hooft et
al[23]
2011

South Korea

Kim et al[22]
2011

GC: n = 29
PC: n = 14
BDC: n = 5
OT: n = 5

Biliary drainage:
Yes: n = 17
No: n = 36

No. of stents:
1: n = 44
2: n = 9

Biliary obstruction: NR

GC: n = 80

Pros, n = 53

No. of stents: NR

Biliary drainage:
Yes: n = 12
No: n = 9

No. of stents:
1: n = 17
2: n = 4

Biliary obstruction: NR

RCT, n = 80

PC: n = 15
GC: n = 2
DC: n = 3
OT: n = 1

RCT, n = 21

PC: n = 32
GC: n = 7
BDC: n = 10
APC: n = 1
DC: n = 1
OT: n = 1

Biliary drainage:
Yes: n = 17
No: n = 33

GC: n = 31
PC: n = 11
BDC: n = 6
GBC: n = 2
Pros, n = 52

No. of stents:
1: n = 45
2: n = 7

No. of stents: NR

Pros, n = 50

UCSEMS:
-Niti-S

UCSEMS:
-Wallstent
-WallFlex

98.1% (52/53)
Ability to tolerate
oral intake
without vomiting

Relief of
symptoms or
improvement of
GOOSS at 3 d
94.3% (50/53)

92.5% (74/80)
-PCSEMS: 95%
(38/40)
-UCSEMS: 90%
(36/40)

76.9% (40/52)

Hyperamylasemia: 2% (1/50)
Obstructive jaundice: 10%
Ability to tolerate
(5/50)
oral food intake
without vomiting

88% (44/50)

Procedure-related
perforation: 1.9% (1/53)
Obstructive jaundice: 1.9%
(1/53)
Major bleeding: 1.9% (1/53)

Perforation by migrated stent:
1.5% (1/67)
-PCSEMS: 3.2% (1/31)
Intestinal obstruction by
migrated stent fragment after
fracture: 1.5% (1/67)
-PCSEMS: 3.2% (1/31)

Overall complications: 23.1%
(12/52)
Relief of
Procedure-related:
symptoms or
-Pain: 7.7% (4/52)
improvement of
-Cholangitis: 1.9% (1/52)
GOOSS after 1 wk
Non procedure-related:
-Anemia: 3.8% (2/52)
-Pneumonia: 1.9% (1/52)
-Ascites: 1.9% (1/52)
-Gastroenteritis: 1.9% (1/52)
-Peritonitis carcinomatosis:
1.9% (1/52)
-Bacteremia: 1.9% (1/52)
95.2% (20/21)
85.7% (18/21);
Bacterial infection: 4.8%
persistent
(1/21)
obstruction within Delayed gastric emptying:
4 wk in 3/21
14.3% (3/21)
Jaundice post stent: 19.0%
(4/21)
Cholangitis: 4.8% (1/21)

96.2% (50/52)

100% (50/50)

PCSEMS:
100% (80/80)
-Niti-S pyloric
-Niti-S Comvi

UCSEMS:
-WallFlex

UCSEMS:
-Niti-S
D-Weave

PCSEMS:
-Niti-S Comvi

Re-intervention rate: 20.8% (11/53)

Re-obstruction: 25.4% (17/67)
-PCSEMS: 3.2% (1/31)
-UCSEMS: 44.4% (16/36)
Migration: 19.4% (13/67)
-PCSEMS: 32.3% (10/31)
-UCSEMS: 8.3% (3/36)
Fracture: 4.5% (3/67)
-PCSEMS: 9.7% (3/31)
Stent collapse: 1.5% (1/67)
-PCSEMS: 3.2% (1/31)
Overall: 18.9% (10/53)
Insufficient expansion: 3.8% (2/53)
Re-obstruction: 13.2% (7/53)
Food impaction: 1.9% (1/53)
Fracture: 1.9% (1/53)

Re-intervention rate: 33% (7/21)

Overall: 19.0% (4/21)
Re-obstruction: 9.5% (2/21)
Migration: 4.8% (1/21)
Food obstruction: 9.5% (2/21)

Overall: 25% (13/52)
Re-obstruction: 21.2% (11/52)
Migration: 3.8% (2/52)

Re-intervention rate: 28% (14/50)
Stent migration: 10% (5/50)
Re-obstruction: 8% (4/50)
Stent compression: 10% (5/50)

NR

UCSEMS: 13 wk
(95%CI: 9.5-16.5)

PCSEMS: 14 wk
(95%CI: 8.9-19.1)

NR

75% for up to 190
d, accounting for
death unrelated
to stent

Mean 92 (4-238)
d

FU: until death

88 d

FU: until 8 wk

UCSEMS: 19 wk
(95%CI: 10-28)

PCSEMS: 26 wk
(95%CI: 11-41)

FU: until death

56 d

FU: until death

82 (IQR 31-135) d

FU: until death

Mean 110 (30-290) d
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No. of stents: NR

Biliary drainage:
Yes: n = 11
No: n = 34
No. of stents: NR

Biliary obstruction: NR

Pros, n = 45

PC: n = 30
GC: n = 5
OT: n = 10
Pros, n = 154

GC: n = 122
PC: n = 19
GBC: n = 3
BDC: n = 3
APC: n = 4
DC: n = 2
OT: n = 1

PC: n = 35
GC: n = 2
BDC: n = 3
DC: n = 3
GBC: n = 2
APC: n = 1
OT: n = 5

PC: n = 21
GC: n = 8
BDC: n = 3
GBC: n = 1
OT: n = 9
Unk: n = 1
Pros, n = 51

Biliary drainage:
Yes: n = 38
No: n = 13

No. of stents:
1: n = 48
2: n = 3

Biliary drainage:
Yes: n = 23
No: n = 20

No. of stents:
1: n = 39
2: n = 4

Biliary drainage:
Yes: n = 35
No: n = 35

GC: n = 19
PC: n = 34
GBC: n = 5
DC: n = 2
BDC: n = 3
OT: n = 7

Pros, n = 43

No. of stents: NR

Pros, n = 70

UCSEMS:
-WallFlex

UCSEMS:
-WallFlex

PCSEMS:
-Niti-S

UCSEMS:
-Niti-S

UCSEMS:
-Hanaro

UCSEMS:
-WallFlex

88.6% (62/70)

81.4% (35/43)

No procedure-related
complications

Procedure-related
perforation: 4.4% (2/45)
Biliary obstruction: 17.8%
(8/45)

Minor bleeding: 2.9% (2/70)
Perforation: 0%

Duodenal perforation: 4.7%
(2/43)
GOOSS increase of
Vomiting: 9.3% (4/43)
≥ 1 point
Cholangitis: 2.3% (1/43)
Hemorrhage: 2.3% (1/43)
-Endoscopy performed
Nausea: 2.3% (1/43)
Sepsis: 2.3% (1/43)
98.0% (50/51)
84.3% (43/51)
Motility dysfunction: 3.9%
(2/51)
Relief of
Intermittent pain: 3.9% (2/51)
symptoms or
Cholangitis: 5.9% (3/51)
improvement of Major bleeding: 3.9% (2/51)
GOOSS after 1 wk

95.3% (41/43)

Relief of vomiting
and resumption of
diet

Improvement in
GOOSS by ≥ 1
point
100% (154/154) 97.4% (150/154)
-PCSEMS: 98.6%
(69/70)
-UCSEMS: 96.4%
(81/84)

Resumption
of intake that
enabled the
patient to return
home independent
of nutritional
support
91.1% (41/45)
63.4% (26/41)

92.9% (65/70)

Re-obstruction: 11.8% (6/51)
Migration: 2.0% (1/51)

Re-intervention rate: 17.5% (27/154)
-PCSEMS: 21.4% (15/70)
-UCSEMS: 14.3% (12/84)
Overall: 18.6% (8/43)
Re-obstruction: 9.3% (4/43)
Malposition: 2.3% (1/43)
Stent collapse: 2.3% (1/43)
Incomplete expansion: 4.7% (2/43)
Occlusion by jejunal wall: 2.3% (1/43)
Migration: 0%

Migration: 7.8% (12/154)
-PCSEMS: 17.1% (12/70)
-UCSEMS: 0%
Re-obstruction: 13.6% (21/154)
-PCSEMS: 7.1% (5/70)
-UCSEMS: 19.0% (16/84)

Re-intervention rate: 13.3% (6/45)

Re-obstruction: 8.9% (4/45)
Migration: 6.7% (3/45)

Overall: 7.1% (5/70)
Re-obstruction: 4.3% (3/70)
Insufficient expansion: 1.4% (1/70)
Stent migration: 1.4% (1/70)

FU: NR

Mean 121 (95%CI:
62-181) d

FU: 54 (range 1-570) d;
until death

1.8 (0.1-19) mo

FU: until 24 wk

49 d;
At 24 wk: 44.1%
(19/43)

307 d; 75%
62 d; 75% alive at 35 d,
functional at 135
25% alive at 156 d
d, 25% functional
at 470 d
FU: until death

GOOS score
increase of ≥ 1
until death or
end of followup: 45% (95%CI:
27-74)

UCSEMS: 73
UCSEMS: 108 (95%CI:
(95%CI: 44-102)
60-151) d
d
PCSEMS: 115 (95%CI:
PCSEMS: 75
80-156) d
(95%CI: 47-134)
d
FU: until death

NR

NR

Number of enteral stents inserted at the initial procedure. Pros: Prospective; Retro: Retrospective; RCT: Randomized controlled trial; GC: Gastric cancer; PC: Pancreatic cancer; BDC: Bile duct cancer; GBC: Gallbladder cancer;
APC: Ampullary cancer; DC: Duodenal cancer; OT: Other malignancies; UCSEMS: Uncovered self-expandable metal stent; PCSEMS: Partially covered self-expandable metal stent; FU: Follow-up; GOOSS: Gastric outlet
obstruction severity score; NR: Not reported; IQR: Interquartile range; GI: Gastrointestinal; CVA: Cerebrovascular accident.
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[29]

reported a median stent patency of 307 d .
The median overall survival ranged from
49 d to 183 d in thirteen studies, including 867
[1,5,9,15,18,19,21,23-26,28,29]
patients
. When the majority (≥
50%) of the study sample included patients with
pancreatic cancer, the median overall survival ranged
[1,9,18,19,23,26,28,29]
from 49 d to 106 d
. When the majority of
the study sample included patients with gastric cancer,
the median overall survival ranged from 88 d to 183
[5,24,25]
d
.

Table 2 Baseline characteristics n (%)
Patients with MGOO
Cause of MGOO
Gastric cancer
Pancreatic cancer
Bile duct cancer
Duodenal cancer
Gallbladder cancer
Ampullary cancer
Other malignancies
Unknown
Biliary obstruction1
Yes
No
Stent type
Uncovered SEMS
Partially covered SEMS
No. of enteral stents inserted at initial procedure2
Single stent
Two stents

1281 (100)
536 (41.8)
479 (37.4)
79 (6.2)
42 (3.3)
37 (2.9)
14 (1.1)
86 (6.7)
8 (0.6)

DISCUSSION

432 (52.9)
384 (47.1)
970 (75.7)
311 (24.3)
692 (93.5)
48 (6.5)

1

Total group: n = 816, no data of 465 patients; 2Total group: n = 740, no
data of 541 patients. MGOO: Malignant gastric outlet obstruction; SEMS:
Self-expandable metal stent.

Stent dysfunction

Stent dysfunction occurred in 19.6% (range, 5.4%-42.5%)
of patients. There was no difference between the
stent dysfunction rate of PCSEMSs and UCSEMSs:
21.2% vs 19.1%, respectively (P = 0.412). The
main reasons for stent failure were re-obstruction by
tumor in- or overgrowth (12.6%) and stent migration
(4.3%). Re-obstruction was more common with the
use of UCSEMSs compared with PCSEMSs: 14.9%
vs 5.1% (P < 0.001). The stent migration rate was
significantly higher after PCSEMS placement: 10.9%
vs 2.2% (P < 0.001). Stent compression or collapse
by tumor pressure occurred in 0.7% of patients, and
was significantly higher for PCSEMSs: 1.9% vs 0.3%
(P = 0.008). Other reasons for stent dysfunction were
insufficient expansion (0.9%), food occlusion (0.7%),
stent fracture (0.5%) and other (0.2%) (Table 4).

Perforation and bleeding

The overall perforation rate was 1.2% and was
comparable for PCSEMSs and UCSEMSs (Table 4).
Perforation within 30 d was reported in 0.7% and
late perforations in 0.5% of patients. Six (0.5%)
perforations occurred during or immediately after the
initial stent placement procedure. A description of the
perforation cases is provided in Table 5.
Bleeding was reported in 4.1% of patients and
was more frequent in patients treated with PCSEMSs:
8.7% vs 2.6% (P < 0.001) (Table 4). Major bleeding,
requiring an intervention, occurred in 10 (0.8%) cases.

Stent patency and overall survival

The median stent patency was reported in five
[2,5,15,24,29]
studies
, including 549 patients, and ranged
from 68 d to 98 d, with exception of one study that

WJG|www.wjgnet.com

This pooled analysis of 1281 patients identified from
the prospective literature, showed that palliative SEMS
placement for MGOO is feasible, effective and safe.
Stent placement can therefore be regarded as a good
alternative for surgery in the palliative setting. The
clinical success rate was high (85.7%) and although
stent dysfunction was frequently encountered (19.6%),
it could usually be managed endoscopically by
additional stent placement. Large, recently published,
retrospective studies, each including more than 125
[4,42,43]
patients, reported comparable results
.
In subgroup analysis, the technical and clinical
success rates of PCSEMS placement were significantly
higher than those of UCSEMSs. The reasons for
technical failure (Table 3) were rather procedurerelated than stent-related. The higher technical success
rate of PCSEMSs can therefore not be easily explained.
The higher clinical success rate of PCSEMSs is a
notable finding, suggesting that these stent models
have more capacity in relieving MGOO, for instance
by a higher radial force than UCSEMSs. However, the
validity of this finding may be questioned because of
heterogeneity, such as the difference in definitions
of clinical success between the included studies.
To exclude this heterogeneity, a subgroup analysis
was performed of the four studies that compared
the outcomes of PCSEMSs and UCSEMSs, showing
similar pooled clinical success rates for PCSEMSs and
UCSEMSs. In addition, a meta-analysis of comparative
studies found no difference in technical and clinical
[44]
success between covered and uncovered SEMSs .
The data were insufficient and the samples would
be too small to analyze the outcomes of the eleven
different stent models, including modified and patienttailored stents, used in the 19 included studies.
Several factors have been identified as predictors
for the outcomes of stent placement for MGOO. One
prospective cohort study, including 71 patients, found
a significantly lower clinical success rate for stents
placed in the gastric antrum (29%) compared with
success rates of stent placement in the duodenum
[21]
(70%) or at the gastrojejunal anastomosis (87%) .
The authors speculated that antral tumors have to be
larger to cause obstruction, resulting in more antral
[21]
rigidity . The two main indications for enteral stent
placement in our pooled analysis were obstruction
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Table 3 Technical and clinical success of enteral stent placement n (%)
Overall (n = 1281)

UCSEMS (n = 970)

PCSEMS (n = 311)

P value1

1246 (97.3)

937 (96.6)

309 (99.4)

0.008

13 (1.0)
2 (0.2)
1 (0.1)
4 (0.3)
4 (0.3)
1 (0.1)
1 (0.1)
1 (0.1)
8 (0.6)
1098 (85.7)

13 (1.3)
0
1 (0.1)
4 (0.4)
4 (0.4)
1 (0.1)
1 (0.1)
1 (0.1)
8 (0.8)
811 (83.6)

0
2 (0.6)
0
0
0
0
0
0
0
287 (92.3)

< 0.001

Technical success
Reasons for technical failure
Inability to pass guidewire
Looping/buckling of delivery system
Stent malposition
Stent migration during deployment
Insufficient deployment
Colonic stent inserted
No stenosis at endoscopy
Procedural perforation
Not specified
Clinical success
1

Comparison of UCSEMS and PCSEMS using Fisher’s exact test. UCSEMS: Uncovered self-expandable metal stents; PCSEMS: Partially covered selfexpandable metal stents.

Table 4 Adverse events n (%)
Overall (n = 1281)

UCSEMS (n = 970)

PCSEMS (n = 311)

P value1

251 (19.6)
161 (12.6)
55 (4.3)
9 (0.7)
7 (0.5)
11 (0.9)
9 (0.7)
2 (0.2)
15 (1.2)
52 (4.1)
10 (0.8)

185 (19.1)
145 (14.9)
21 (2.2)
3 (0.3)
3 (0.3)
8 (0.8)
6 (0.6)
2 (0.2)
12 (1.2)
25 (2.6)
9 (0.9)

66 (21.2)
16 (5.1)
34 (10.9)
6 (1.9)
4 (1.3)
3 (1.0)
3 (1.0)
0
3 (1.0)
27 (8.7)
1 (0.3)

0.412
< 0.001
< 0.001
0.008
0.064
0.734
0.460
1.000
< 0.001
0.466

Stent dysfunction
Re-obstruction by tumor growth
Stent migration
Stent compression by tumor pressure
Stent fracture
Insufficient expansion
Food occlusion
Other
Perforation
Bleeding
Major bleeding requiring intervention
1

Comparison of UCSEMS and PCSEMS using Fisher’s exact test. UCSEMS: Uncovered self-expandable metal stents; PCSEMS: Partially covered selfexpandable metal stents.

Table 5 Details on the perforation cases
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Description

Day of onset

Treatment

Jejunal perforation at distal end of the stent
Intraprocedural perforation while the stricture was crossed with the
catheter and guidewire[1]
Duodenal perforation after biliary stent placement[1]

173
0

Surgical closure
Successfully treated with covered SEMS

82

Acute abdomen[18]
Guidewire perforation[18]
Perforation likely due to stent-induced ischemia[2]
Minor perforation after balloon dilation because of insufficient stent
expansion[19]
Late perforation, not related to dilatation[21]
Late perforation, not related to dilatation[21]
Late intestinal perforation by migrated stent[24]
Perforation while pushing the delivery system across the initially
placed stent[25]
Perforation by the guidewire and/or ERCP catheter with subsequent
misplacement of the stent[27]
Perforation by the guidewire and/or ERCP catheter with subsequent
misplacement of the stent[27]
Abdominal pain and pneumoperitoneum immediately after stent
placement[28]
Abdominal pain, distension, vomiting, and free air on x-ray 6 d after
second stent placement[28]

42
0
15
7

Laparotomy, abdominal drainage and duodenal covered
SEMS
Refused treatment
Conservative treatment with antibiotics
Surgical suture and gastrojejunostomy
Recovered without surgery

NR
NR
NR
0

NR
NR
Surgical intervention
Surgical closure and gastrojejunostomy

[15]

0

Surgical suture, bowel patch and gastroenteric bypass

0

Surgical suture, bowel patch and gastroenteric bypass

0

Loop gastrojejunostomy and combined gastrostomyjejunostomy tube placement
Nasogastric tube placement and hospitalized; died two
days later of sepsis

12

SEMS: Self-expandable metal stent; NR: Not reported; ERCP: Endoscopic retrograde cholangiopancreatography.
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A

B

C

Figure 4 Endoscopic view of an ulcerative, obstructing gastrointestinal
stromal tumor of the peri-ampullary region of the duodenum (A) for
which an uncovered WallFlex stent (Boston Scientific) was placed (B).
Fluoroscopic view shows the fully deployed duodenal stent overlapping the
previously placed biliary SEMS (C).

by gastric (42%) and pancreatic (37%) cancer.
Unfortunately, the data were insufficient to analyze
the clinical outcomes according to cause and site
of obstruction. However, other retrospective and
prospective studies never identified type of cancer and
site of obstruction as predictors for success of enteral
[4,42,45-47]
stent placement
. The main factors associated
with a poor stent outcome in the literature are a poor
performance status and peritoneal dissemination with
[4,36, 37,43,48]
ascites
.
One fifth of the patients experienced stent dys
function, mainly because of re-obstruction by tumor
in- or overgrowth and stent migration. PCSEMSs were
associated with the occurrence of stent migration,
while re-obstruction was more frequently seen with the
use of UCSEMSs. The overall stent dysfunction rates

WJG|www.wjgnet.com

were comparable between both stent types, which is
[44]
consistent with a recently published meta-analysis .
The fact that stent covering precludes tumor ingrowth,
but provokes stent migration, has already been
[44]
demonstrated . A large retrospective analysis,
including 583 patients with MGOO mainly caused by
gastric cancer (57%), found that duodenal lesions, a
shorter stricture length and longer survival time were
associated with the occurrence of re-obstruction by
[49]
tumor overgrowth . Also short time to progression
has been identified as a predictor for re-obstruction,
while administration of first line chemotherapy was
[50]
protective against re-stenosis . Regarding the
occurrence of stent migration, chemotherapy after
stent placement was associated with migration in two
[50,51]
studies, although only in univariate analysis
. In
a prospective pilot study of 25 patients with MGOO,
covered SEMSs were anchored into the mucosa by
three endoscopic clips at the proximal end of the
[41]
stent to prevent stent migration . No cases of stent
migration occurred, suggesting that endoscopic clipping
[41]
may prevent stent migration . Regarding the stent
patency, one of the included studies estimated with
a Kaplan-Meier analysis that 63% of the stents were
[1]
patent at six months . Another prospective cohort
reported that the GOOS score increase persisted until
death or end of follow-up in 45% (95%CI: 27%-74%)
[28]
of patients .
Perforation and major bleeds were rare, both
occurring in approximately 1% of patients. Seven
of the 15 perforations were procedure- or balloon
dilatation-related. A recently published, retrospective
study reported perforation in 3.4% (10/292) of
[42]
patients treated with SEMSs for MGOO . The
perforation rate according to the cause of obstruction
was 4.6% (9/196) for pancreatic cancer and 1.0%
[42]
(1/96) for nonpancreatic cancer , suggesting that
the cause of obstructing may be associated with
the occurrence of perforation after enteral stent
placement. However, data are lacking to support this
assumption. Minor bleeding was more frequently seen
in patients treated with PCSEMSs, mainly contributed
by two studies from the same institution that reported
56% (29/52) of bleedings using tailored, funnel[16,17]
and cup-shaped, PCSEMSs
. Therefore, these
tailored PCSEMSs may not be directly comparable
with the other PCSEMS designs used in the literature.
Nevertheless, the overall major bleeding rate in our
pooled analysis was only 0.8%.
This analysis of the prospective literature has
several limitations. Heterogeneity between the
included studies is the main limitation. As mentioned
before, the causes of MGOO, the definitions used
for clinical success and the stent designs differed
between the included studies. Furthermore, the
included prospective studies are prone to selectionby-indication, since only one RCT was included that
compared surgical gastrojejunostomy with enteral
[9]
stent placement . The patients included in the
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remaining articles therefore represent a selected
population, because it was decided upfront that stent
placement was indicated. This may overestimate the
outcomes of enteral stent placement. Another issue
is the clinically relevant question whether duodenal
stent placement should be preceded by biliary stenting
to maintain biliary drainage (Figure 4). However, that
question was beyond our literature search.
In conclusion, this pooled analysis of the recently
published, prospective literature provides an extensive
overview of the clinical outcomes of stent placement
for MGOO. In this large population enteral stent
placement was feasible, effective and safe. Therefore,
stent placement is a valid option for the palliation of
MGOO.

3

4

5

COMMENTS
COMMENTS
Background

Gastric outlet obstruction is usually a late sign of a locally advanced or
metastatic cancer, requiring palliative management. Endoscopic selfexpandable metal stent placement to relieve obstructive symptoms and allow
oral intake, is a well-established treatment option in patients with malignant
gastric outlet obstruction.

6

Research frontiers

Comparison of enteral stenting and gastrojejunostomy revealed sooner return
to oral intake and shorter hospital stay after stent placement. On the long term,
however, patients with an enteral stent have more recurrent obstruction and
require more re-interventions.

7

Innovations and breakthroughs

8

To improve the long term patency of self-expandable metal stents, many
different stent designs have been developed to reduce the risk of stent
migration and re-obstruction by tumor ingrowth. In this systematic review, the
authors provide an extensive overview of the prospective literature published
since January 2009 on the clinical outcomes of stent placement for malignant
gastric outlet obstruction.

9

Applications

This pooled analysis may be helpful for the endoscopist in the decision-making
on the indication for duodenal stent placement and also to inform the patient on
the risks and benefits of stent therapy.

10

Terminology

Gastric outlet obstruction is an obstruction at the level of the pylorus (gastric
antrum, pylorus, duodenal bulb) causing problems with the passage of food into
the small intestine. Self-expandable metal stents consist of a flexible framework
of wire mesh made of nitinol, a metal alloy of nickel and titanium, and are either
uncovered or covered by a polytetrafluoroethylene polyurethane or silicone
membrane.
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Interesting study, well written and deeply described.

REFERENCES
1

2

Tringali A, Didden P, Repici A, Spaander M, Bourke MJ, Williams
SJ, Spicak J, Drastich P, Mutignani M, Perri V, Roy A, Johnston
K, Costamagna G. Endoscopic treatment of malignant gastric and
duodenal strictures: a prospective, multicenter study. Gastrointest
Endosc 2014; 79: 66-75 [PMID: 23932009 DOI: 10.1016/
j.gie.2013.06.032]
Costamagna G, Tringali A, Spicak J, Mutignani M, Shaw J, Roy

WJG|www.wjgnet.com

13

14
15

12479

A, Johnsson E, De Moura EG, Cheng S, Ponchon T, Bittinger M,
Messmann H, Neuhaus H, Schumacher B, Laugier R, Saarnio J,
Ariqueta FI. Treatment of malignant gastroduodenal obstruction
with a nitinol self-expanding metal stent: an international
prospective multicentre registry. Dig Liver Dis 2012; 44: 37-43
[PMID: 21937292 DOI: 10.1016/j.dld.2011.08.012]
Khashab M, Alawad AS, Shin EJ, Kim K, Bourdel N, Singh
VK, Lennon AM, Hutfless S, Sharaiha RZ, Amateau S, Okolo PI,
Makary MA, Wolfgang C, Canto MI, Kalloo AN. Enteral stenting
versus gastrojejunostomy for palliation of malignant gastric outlet
obstruction. Surg Endosc 2013; 27: 2068-2075 [PMID: 23299137
DOI: 10.1007/s00464-012-2712-7]
Hori Y, Naitoh I, Ban T, Narita K, Nakazawa T, Hayashi K,
Miyabe K, Shimizu S, Kondo H, Nishi Y, Yoshida M, Umemura
S, Kato A, Yamada T, Ando T, Joh T. Stent under-expansion on the
procedure day, a predictive factor for poor oral intake after metallic
stenting for gastric outlet obstruction. J Gastroenterol Hepatol
2015; 30: 1246-1251 [PMID: 25708096 DOI: 10.1111/jgh.12933]
Lee KM, Choi SJ, Shin SJ, Hwang JC, Lim SG, Jung JY, Yoo BM,
Cho SW, Kim JH. Palliative treatment of malignant gastroduodenal
obstruction with metallic stent: prospective comparison of covered
and uncovered stents. Scand J Gastroenterol 2009; 44: 846-852
[PMID: 19462336 DOI: 10.1080/00365520902929849]
Park CH, Park JC, Kim EH, Chung H, An JY, Kim HI, Shin
SK, Lee SK, Cheong JH, Hyung WJ, Lee YC, Noh SH, Kim
CB. Impact of carcinomatosis and ascites status on long-term
outcomes of palliative treatment for patients with gastric outlet
obstruction caused by unresectable gastric cancer: stent placement
versus palliative gastrojejunostomy. Gastrointest Endosc 2015; 81:
321-332 [PMID: 25085332 DOI: 10.1016/j.gie.2014.06.024]
Nagaraja V, Eslick GD, Cox MR. Endoscopic stenting versus
operative gastrojejunostomy for malignant gastric outlet
obstruction-a systematic review and meta-analysis of randomized
and non-randomized trials. J Gastrointest Oncol 2014; 5: 92-98
[PMID: 24772336 DOI: 10.3978/j.issn.2078-6891.2014.016]
Schmidt C, Gerdes H, Hawkins W, Zucker E, Zhou Q, Riedel
E, Jaques D, Markowitz A, Coit D, Schattner M. A prospective
observational study examining quality of life in patients with
malignant gastric outlet obstruction. Am J Surg 2009; 198: 92-99
[PMID: 19482259 DOI: 10.1016/j.amjsurg.2008.09.030]
Jeurnink SM, Steyerberg EW, van Hooft JE, van Eijck CH,
Schwartz MP, Vleggaar FP, Kuipers EJ, Siersema PD. Surgical
gastrojejunostomy or endoscopic stent placement for the palliation
of malignant gastric outlet obstruction (SUSTENT study): a
multicenter randomized trial. Gastrointest Endosc 2010; 71:
490-499 [PMID: 20003966 DOI: 10.1016/j.gie.2009.09.042]
Strand DS, Thlick JE, Patrie JT, Gaidhane MR, Kahaleh M,
Wang AY. Gastroduodenal stents are associated with more
durable patency as compared to percutaneous endoscopic
gastrojejunostomy in the palliation of malignant gastric outlet
obstruction. J Interv Gastroenterol 2012; 2: 150-154 [PMID:
23687600 DOI: 10.4161/jig.23749]
Lin CL, Perng CL, Chao Y, Li CP, Hou MC, Tseng HS, Lin HC,
Lee KC. Application of stent placement or nasojejunal feeding tube
placement in patients with malignant gastric outlet obstruction:
a retrospective series of 38 cases. J Chin Med Assoc 2012; 75:
624-629 [PMID: 23245477 DOI: 10.1016/j.jcma.2012.08.013]
Tuca A, Guell E, Martinez-Losada E, Codorniu N. Malignant
bowel obstruction in advanced cancer patients: epidemiology,
management, and factors influencing spontaneous resolution.
Cancer Manag Res 2012; 4: 159-169 [PMID: 22904637 DOI:
10.2147/CMAR.S29297]
Zheng B, Wang X, Ma B, Tian J, Jiang L, Yang K. Endoscopic
stenting versus gastrojejunostomy for palliation of malignant
gastric outlet obstruction. Dig Endosc 2012; 24: 71-78 [PMID:
22348830 DOI: 10.1111/j.1443-1661.2011.01186.x]
Abramson JH. WINPEPI updated: computer programs for
epidemiologists, and their teaching potential. Epidemiol Perspect
Innov 2011; 8: 1 [PMID: 21288353 DOI: 10.1186/1742-5573-8-1]
Maetani I, Mizumoto Y, Shigoka H, Omuta S, Saito M, Tokuhisa

November 21, 2015|Volume 21|Issue 43|

van Halsema EE et al . Stents for malignant gastric outlet obstruction

16

17

18

19

20

21

22

23

24

25

26

27

28

29

J, Morizane T. Placement of a triple-layered covered versus
uncovered metallic stent for palliation of malignant gastric outlet
obstruction: a multicenter randomized trial. Dig Endosc 2014; 26:
192-199 [PMID: 23621572 DOI: 10.1111/den.12117]
Shi D, Ji F, Bao YS, Liu YP. A Multicenter Randomized Controlled
Trial of Malignant Gastric Outlet Obstruction: Tailored Partially
Covered Stents (Placed Fluoroscopically) versus Standard
Uncovered Stents (Placed Endoscopically). Gastroenterol Res Pract
2014; 2014: 309797 [PMID: 25610459 DOI: 10.1155/2014/309797]
Shi D, Bao YS, Liu YP. Individualization of metal stents for
management of gastric outlet obstruction caused by distal stomach
cancer: a prospective study. Gastrointest Endosc 2013; 78: 277-284
[PMID: 23528652 DOI: 10.1016/j.gie.2013.02.007]
van den Berg MW, Haijtink S, Fockens P, Vleggaar FP,
Dijkgraaf MG, Siersema PD, van Hooft JE. First data on the
Evolution duodenal stent for palliation of malignant gastric outlet
obstruction (DUOLUTION study): a prospective multicenter study.
Endoscopy 2013; 45: 174-181 [PMID: 23348890 DOI: 10.1055/
s-0032-1326077]
Isayama H, Sasaki T, Nakai Y, Togawa O, Kogure H, Sasahira
N, Yashima Y, Kawakubo K, Ito Y, Hirano K, Tsujino T, Toda N,
Tada M, Omata M, Koike K. Management of malignant gastric
outlet obstruction with a modified triple-layer covered metal stent.
Gastrointest Endosc 2012; 75: 757-763 [PMID: 22284092 DOI:
10.1016/j.gie.2011.11.035]
Moura EG, Ferreira FC, Cheng S, Moura DT, Sakai P, Zilberstain
B. Duodenal stenting for malignant gastric outlet obstruction:
prospective study. World J Gastroenterol 2012; 18: 938-943 [PMID:
22408353 DOI: 10.3748/wjg.v18.i9.938]
Dolz C, Vilella À, González Carro P, González Huix F, Espinós JC,
Santolaria S, Pérez Roldán F, Figa M, Loras C, Andreu H. Antral
localization worsens the efficacy of enteral stents in malignant
digestive tumors. Gastroenterol Hepatol 2011; 34: 63-68 [PMID:
21353341 DOI: 10.1016/j.gastrohep.2010.12.001]
Kim YW, Choi CW, Kang DH, Kim HW, Chung CU, Kim DU,
Park SB, Park KT, Kim S, Jeung EJ, Bae YM. A double-layered
(comvi) self-expandable metal stent for malignant gastroduodenal
obstruction: a prospective multicenter study. Dig Dis Sci 2011; 56:
2030-2036 [PMID: 21264512 DOI: 10.1007/s10620-011-1566-5]
van Hooft JE, van Montfoort ML, Jeurnink SM, Bruno MJ,
Dijkgraaf MG, Siersema PD, Fockens P. Safety and efficacy of a
new non-foreshortening nitinol stent in malignant gastric outlet
obstruction (DUONITI study): a prospective, multicenter study.
Endoscopy 2011; 43: 671-675 [PMID: 21656455 DOI: 10.1055/
s-0030-1256383]
Kim CG, Choi IJ, Lee JY, Cho SJ, Park SR, Lee JH, Ryu KW, Kim
YW, Park YI. Covered versus uncovered self-expandable metallic
stents for palliation of malignant pyloric obstruction in gastric
cancer patients: a randomized, prospective study. Gastrointest Endosc
2010; 72: 25-32 [PMID: 20381802 DOI: 10.1016/j.gie.2010.01.039]
Maetani I, Ukita T, Nambu T, Shigoka H, Omuta S, Endo
T, Takahashi K. Comparison of ultraflex and niti-s stents for
palliation of unresectable malignant gastroduodenal obstruction.
Dig Endosc 2010; 22: 83-89 [PMID: 20447199 DOI: 10.1111/
j.1443-1661.2010.00942.x]
Shaw JM, Bornman PC, Krige JE, Stupart DA, Panieri E. Selfexpanding metal stents as an alternative to surgical bypass for
malignant gastric outlet obstruction. Br J Surg 2010; 97: 872-876
[PMID: 20309895 DOI: 10.1002/bjs.6968]
Havemann MC, Adamsen S, Wøjdemann M. Malignant gastric
outlet obstruction managed by endoscopic stenting: a prospective
single-centre study. Scand J Gastroenterol 2009; 44: 248-251
[PMID: 19016077 DOI: 10.1080/00365520802530820]
Piesman M, Kozarek RA, Brandabur JJ, Pleskow DK, Chuttani R,
Eysselein VE, Silverman WB, Vargo JJ, Waxman I, Catalano MF,
Baron TH, Parsons WG, Slivka A, Carr-Locke DL. Improved oral
intake after palliative duodenal stenting for malignant obstruction:
a prospective multicenter clinical trial. Am J Gastroenterol 2009;
104: 2404-2411 [PMID: 19707192 DOI: 10.1038/ajg.2009.409]
van Hooft JE, Uitdehaag MJ, Bruno MJ, Timmer R, Siersema PD,

WJG|www.wjgnet.com

30

31

32

33

34

35

36

37

38

39

40

41

42

43

12480

Dijkgraaf MG, Fockens P. Efficacy and safety of the new WallFlex
enteral stent in palliative treatment of malignant gastric outlet
obstruction (DUOFLEX study): a prospective multicenter study.
Gastrointest Endosc 2009; 69: 1059-1066 [PMID: 19152912 DOI:
10.1016/j.gie.2008.07.026]
Zhou WZ, Yang ZQ, Liu S, Zhou CG, Xia JG, Zhao LB, Shi
HB. A newly designed stent for management of malignant distal
duodenal stenosis. Cardiovasc Intervent Radiol 2015; 38: 177-181
[PMID: 24798136 DOI: 10.1007/s00270-014-0899-9]
van den Berg MW, Walter D, Vleggaar FP, Siersema PD, Fockens
P, van Hooft JE. High proximal migration rate of a partially
covered “big cup” duodenal stent in patients with malignant
gastric outlet obstruction. Endoscopy 2014; 46: 158-161 [PMID:
24338240 DOI: 10.1055/s-0033-1359023]
Didden P, Spaander MC, de Ridder R, Berk L, van Tilburg AJ,
Leeuwenburgh I, Kuipers EJ, Bruno MJ. Efficacy and safety of a
partially covered stent in malignant gastric outlet obstruction: a
prospective Western series. Gastrointest Endosc 2013; 77: 664-668
[PMID: 23290774 DOI: 10.1016/j.gie.2012.10.020]
Kim JH, Song HY, Hu HT, Kang YK, Jung HY, Yook JH, Kim
BS. Palliative treatment of malignant gastric outlet obstructions
with a large-diameter metallic stent: prospective preliminary study.
J Vasc Interv Radiol 2010; 21: 1125-1128 [PMID: 20537557 DOI:
10.1016/j.jvir.2010.03.010]
Moon JH, Choi HJ, Ko BM, Koo HC, Hong SJ, Cheon YK,
Cho YD, Lee MS, Shim CS. Combined endoscopic stent-in-stent
placement for malignant biliary and duodenal obstruction by using a
new duodenal metal stent (with videos). Gastrointest Endosc 2009;
70: 772-777 [PMID: 19595319 DOI: 10.1016/j.gie.2009.04.013]
Larssen L, Hauge T, Medhus AW. Stent treatment of malignant
gastric outlet obstruction: the effect on rate of gastric emptying,
symptoms, and survival. Surg Endosc 2012; 26: 2955-2960 [PMID:
22538695 DOI: 10.1007/s00464-012-2291-7]
Jeurnink SM, Steyerberg EW, Vleggaar FP, van Eijck CH, van Hooft
JE, Schwartz MP, Kuipers EJ, Siersema PD. Predictors of survival in
patients with malignant gastric outlet obstruction: a patient-oriented
decision approach for palliative treatment. Dig Liver Dis 2011; 43:
548-552 [PMID: 21376680 DOI: 10.1016/j.dld.2011.01.017]
van Hooft JE, Dijkgraaf MG, Timmer R, Siersema PD, Fockens
P. Independent predictors of survival in patients with incurable
malignant gastric outlet obstruction: a multicenter prospective
observational study. Scand J Gastroenterol 2010; 45: 1217-1222
[PMID: 20459356 DOI: 10.3109/00365521.2010.487916]
Kim CG, Choi IJ, Lee JY, Cho SJ, Kim SJ, Kim MJ, Park SR, Park
YL. Outcomes of second self-expandable metallic stent insertion
for malignant gastric outlet obstruction. Surg Endosc 2014; 28:
281-288 [PMID: 24026566 DOI: 10.1007/s00464-013-3185-z]
Qureshi S, Ghazanfar S, Hafeez AB, Taj MA, Niaz SK, Quraishy
MS. Malignant pyloro-duodenal obstruction: role of self
expandable metallic stents. J Pak Med Assoc 2014; 64: 16-19
[PMID: 24605706]
Jeurnink SM, Polinder S, Steyerberg EW, Kuipers EJ, Siersema
PD. Cost comparison of gastrojejunostomy versus duodenal
stent placement for malignant gastric outlet obstruction. J
Gastroenterol 2010; 45: 537-543 [PMID: 20033227 DOI: 10.1007/
s00535-009-0181-0]
Kim ID, Kang DH, Choi CW, Kim HW, Jung WJ, Lee DH, Chung
CW, Yoo JJ, Ryu JH. Prevention of covered enteral stent migration
in patients with malignant gastric outlet obstruction: a pilot study
of anchoring with endoscopic clips. Scand J Gastroenterol 2010;
45: 100-105 [PMID: 20030581 DOI: 10.3109/0036552090341055
4]
Oh SY, Edwards A, Mandelson M, Ross A, Irani S, Larsen M,
Gan SI, Gluck M, Picozzi V, Helton S, Kozarek RA. Survival and
clinical outcome after endoscopic duodenal stent placement for
malignant gastric outlet obstruction: comparison of pancreatic
cancer and nonpancreatic cancer. Gastrointest Endosc 2015; 82:
460-8.e2 [PMID: 25851162 DOI: 10.1016/j.gie.2015.01.026]
Jeon HH, Park CH, Park JC, Shim CN, Kim S, Lee HJ, Lee
H, Shin SK, Lee SK, Lee YC. Carcinomatosis matters: clinical

November 21, 2015|Volume 21|Issue 43|

van Halsema EE et al . Stents for malignant gastric outlet obstruction

44

45

46

47

outcomes and prognostic factors for clinical success of stent
placement in malignant gastric outlet obstruction. Surg Endosc
2014; 28: 988-995 [PMID: 24185750 DOI: 10.1007/s00464-0133268-x]
Pan YM, Pan J, Guo LK, Qiu M, Zhang JJ. Covered versus
uncovered self-expandable metallic stents for palliation of
malignant gastric outlet obstruction: a systematic review and metaanalysis. BMC Gastroenterol 2014; 14: 170 [PMID: 25270550
DOI: 10.1186/1471-230X-14-170]
Cheng HT, Lee CS, Lin CH, Cheng CL, Tang JH, Tsou YK, Chang
JM, Lee MH, Sung KF, Liu NJ. Treatment of malignant gastric
outlet obstruction with metallic stents: assessment of whether
gastrointestinal position alters efficacy. J Investig Med 2012; 60:
1027-1032 [PMID: 22847341 DOI: 10.231/JIM.0b013e31826509c8]
Kim JH, Song HY, Shin JH, Hu HT, Lee SK, Jung HY, Yook JH.
Metallic stent placement in the palliative treatment of malignant
gastric outlet obstructions: primary gastric carcinoma versus
pancreatic carcinoma. AJR Am J Roentgenol 2009; 193: 241-247
[PMID: 19542420 DOI: 10.2214/AJR.08.1760]
Kim JH, Song HY, Shin JH, Choi E, Kim TW, Jung HY, Lee GH, Lee
SK, Kim MH, Ryu MH, Kang YK, Kim BS, Yook JH. Metallic stent
placement in the palliative treatment of malignant gastroduodenal
obstructions: prospective evaluation of results and factors influencing
outcome in 213 patients. Gastrointest Endosc 2007; 66: 256-264

48

49

50

51

[PMID: 17643698 DOI: 10.1016/j.gie.2006.12.017]
Sasaki T, Isayama H, Nakai Y, Togawa O, Kogure H, Kawakubo
K, Mizuno S, Yashima Y, Ito Y, Yamamoto N, Sasahira N, Hirano
K, Tsujino T, Toda N, Tada M, Omata M, Koike K. Predictive
factors of solid food intake in patients with malignant gastric outlet
obstruction receiving self-expandable metallic stents for palliation.
Dig Endosc 2012; 24: 226-230 [PMID: 22725106 DOI: 10.1111/
j.1443-1661.2011.01208.x]
Jang JK, Song HY, Kim JH, Song M, Park JH, Kim EY. Tumor
overgrowth after expandable metallic stent placement: experience
in 583 patients with malignant gastroduodenal obstruction. AJR
Am J Roentgenol 2011; 196: W831-W836 [PMID: 21606277 DOI:
10.2214/AJR.10.5861]
Kim CG, Park SR, Choi IJ, Lee JY, Cho SJ, Park YI, Nam
BH, Kim YW. Effect of chemotherapy on the outcome of selfexpandable metallic stents in gastric cancer patients with malignant
outlet obstruction. Endoscopy 2012; 44: 807-812 [PMID:
22752892 DOI: 10.1055/s-0032-1309893]
Miyabe K, Hayashi K, Nakazawa T, Sano H, Yamada T, Takada
H, Naitoh I, Shimizu S, Kondo H, Nishi Y, Yoshida M, Umemura
S, Hori Y, Kato A, Ohara H, Joh T. Safety and benefits of selfexpandable metallic stents with chemotherapy for malignant
gastric outlet obstruction. Dig Endosc 2015; 27: 572-581 [PMID:
25559626 DOI: 10.1111/den.12424]
P- Reviewer: Attar A S- Editor: Yu J L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

12481

November 21, 2015|Volume 21|Issue 43|

World J Gastroenterol 2015 November 21; 21(43): 12482-12497
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i43.12482

© 2015 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Cooperative laparoscopic endoscopic and hybrid
laparoscopic surgery for upper gastrointestinal tumors:
current status
Dimitrios Ntourakis, Georgios Mavrogenis
Dimitrios Ntourakis, Third Department of Surgery, University of
Athens Faculty of Medicine, Attikon University Hospital, Rimini
1, 12463 Chaidari, Athens, Greece
Georgios Mavrogenis, Service de Gastroentérologie, Site
Notre Dame, Grand Hôpital de Charleroi, 3 Grande Rue, 6000
Charleroi, Belgium
Georgios Mavrogenis, Gastroenterology and Endoscopy Center
of Mytilene, Kavetsou 10, 81100 Mytilene, Greece
Author contributions: Ntourakis D designed the study and
performed the research; Mavrogenis G analyzed data; Ntourakis
D drew the figures; Ntourakis D and Mavrogenis G wrote the
paper; all authors read and approved the final manuscript.
Conflict-of-interest statement: The authors have no conflict of
interest to declare.
Data sharing statement: The paper dataset and literature
search results are available from the corresponding author at
dntourakis@hotmail.com
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dimitrios Ntourakis, MD, PhD, Third
Department of Surgery, University of Athens Faculty of
Medicine, Attikon University Hospital, Rimini 1, T.K. 12463
Chaidari, Athens, Greece. dntourakis@hotmail.com
Telephone: +30-210-9822952
Fax: +30-210-5326411
Received: April 29, 2015
Peer-review started: May 12, 2015
First decision: August 25, 2015

WJG|www.wjgnet.com

Revised: September 15, 2015
Accepted: October 17, 2015
Article in press: October 20, 2015
Published online: November 21, 2015

Abstract
AIM: to investigate the cooperative laparoscopic and
endoscopic techniques used for the resection of upper
gastrointestinal tumors.
METHODS: A systematic research of the literature was
performed in PubMed for English and French language
articles about laparoscopic and endoscopic cooperative,
combined, hybrid and rendezvous techniques. Only
original studies using these techniques for the re
section of early gastric cancer, benign tumors and
gastrointestinal stromal tumors of the stomach and
the duodenum were included. By excluding case series
of less than 10 patients, 25 studies were identified.
The study design, number of cases, tumor pathology
size and location, the operative technique name, the
endoscopy team and surgical team role, operative
time, type of closure of visceral wall defect, blood
loss, complications and length of hospital stay of these
studies were evaluated. Additionally all cooperative
techniques found were classified and are presented in
a systematic approach.
RESULTS: The studies identified were case series and
retrospective cohort studies. A total of 706 patients
were operated on with a cooperative technique. The
tumors resected were only gastrointestinal stromal
tumors (GIST) in 4 studies, GIST and various benign
submucosal tumors in 22 studies, early gastric cancer
(pT1a and pT1b) in 6 studies and early duodenal cancer
in 1 study. There was important heterogeneity between
the studies. The operative techniques identified were:
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laparoscopic assisted endoscopic resection, endoscopic
assisted wedge resection, endoscopic assisted trans
gastric and intragastric surgery, laparoscopic endoscopic
cooperative surgery (LECS), laparoscopic assisted
endoscopic full thickness resection (LAEFR), clean non
exposure technique and non-exposed endoscopic wallinversion surgery (NEWS). Each technique is illustrated
with the roles of the endoscopic and laparoscopic
teams; the indications, characteristics and short term
results are described.
CONCLUSION: Along with the traditional cooperative
techniques, new procedures like LECS, LAEFR and
NEWS hold great promise for the future of minimally
invasive oncologic procedures.
Key words: Cooperative laparoscopic endoscopic; Hybrid
laparoscopic; Laparoscopic endoscopic cooperative
surgery; Endoscopy; Laparoscopy; Minimally invasive
surgery; Gastrointestinal stromal tumors; Gastric
cancer; Submucosal tumor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cooperative laparoscopic and endoscopic
surgery for the resection of upper gastrointestinal
tumors combines the advantages of intraluminal and
extraluminal approach: precise lesion localization,
safe excision and reconstruction. It has been used
for the resection of benign submucosal tumors and
Gastrointestinal stromal tumors. Novel techniques
like inverted laparoscopic endoscopic cooperative
surgery, laparoscopic assisted endoscopic full thickness
resection, clean non exposure technique and nonexposed endoscopic wall-inversion surgery have
emerged for the minimally invasive treatment of early
gastric cancer. Their oncologic principles are sound
and the first results encouraging. Soon, the close
collaboration of laparoscopic and endoscopic teams will
be “conditio sine qua non ” for the institutions that seek
excellence in the treatment of upper gastrointestinal
neoplasias.
Ntourakis D, Mavrogenis G. Cooperative laparoscopic
endoscopic and hybrid laparoscopic surgery for upper gastro
intestinal tumors: Current status. World J Gastroenterol 2015;
21(43): 12482-12497 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12482.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12482

INTRODUCTION
In the last decade there has been an important
development in the minimally invasive treatment of
benign and borderline benign tumors of the upper
gastrointestinal tract. The creation of new operative
tools and the invention of new operative techniques
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offer more options for the resection of these tumors
than ever before.
For the interventional endoscopist, the possibilities
for local excision with techniques such as endoscopic
submucosal dissection (ESD) and endoscopic full
thickness resection (EFTR) are approaching those that
[1,2]
only a surgical approach could offer in the past . In a
parallel course, thanks to the evolution of laparoscopic
surgery, the gastrointestinal surgeons can now offer
precise minimally invasive segmental resections
that favor a more functional outcome and a faster
patient recovery in comparison with more aggressive
[3]
resections .
In this competitive race each of these two appro
aches have their strong points and weaknesses.
Nevertheless we are noticing the emergence of a third
approach: the cooperative laparoscopic and endoscopic
approach, also called hybrid laparoscopic approach.
This group of techniques aims to accumulate the strong
points of intraluminal and intraperitoneal procedures,
and at the same time, negate their limitations.
This is not a novel concept since many laparoscopic
and endoscopic cooperative techniques have been
described with different names: combined laparoscopic
and endoscopic, hybrid laparoscopic, cooperative
laparoscopic-endoscopic, laparoscopic-endoscopic
rendezvous. In spite of the nomenclature used, the
idea remains the same: a simultaneous endoluminal
and intraperitoneal approach for the localization of
the lesion, its precise resection respecting oncologic
principles and the closure of the defect.
Interestingly in the last decade, our better know
ledge on the biological behavior of gastrointestinal
stromal tumors (GIST) and early gastric cancer, as
well as the more frequent detection of these two
pathologies has increased the interest in precise,
segmental and mini invasive resection techniques
[4,5]
based on sound oncologic principles . Teams from
Asiatic countries and pioneers like Hiki lead the effort
of discovering new cooperative laparoscopic and
endoscopic techniques.
The aim of this article is to review the data on
cooperative laparoscopic and endoscopic techniques,
identify and classify the different techniques described,
define their indications and elaborate their charac
teristics.

MATERIALS AND METHODS
A systematic review of the literature from the data
bases of PubMed and MEDLINE from January 1960
to March 2015 was performed. The search algorithm
used the following strategy:
(“tumour”[All Fields] OR “tumor”[All Fields] OR
“submucosal tumor”[All Fields] OR “early gastric cancer”
[All Fields] OR “GIST”[All Fields] OR “gastrointestinal
stromal tumor”[All Fields] OR “neoplasms”[MeSH
Terms] OR “neoplasms”[All Fields]).
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And [(“laparoscopic”[All Fields] or “laparoscopy”
[All Fields] OR “laparoscopy”[MeSH Terms]) and
(“endoscopic”[All Fields] or “endoscopy”[All Fields]
or “endoscopy”[MeSH Terms]) and (“intragastric”[All
Fields] or “transgastric”[All Fields] or “cooperative”[All
Fields] or “combined”[All Fields] or “rendezvous”[All
Fields] or “hybrid”[All Fields])].
And (“stomach”[MeSH Terms] or “stomach”[All
Fields] or “gastric”[All Fields] or “upper gastrointestinal”
[All Fields] or “Upper Gastrointestinal Tract”[MeSH
Terms]).

Inclusion criteria

The search results were screened by the two reviewers
(DN, GM) for relevant publications. All original articles
describing the combined techniques of laparoscopy
and endoscopy for the treatment of tumors of the
upper gastrointestinal tract were included. The list
of references of each eligible article was manually
evaluated for any relevance to the specific topic. Only
the articles that were published in English and French
were included.

Exclusion criteria

Animal studies and experimental studies were
excluded. Duplicate publications, review articles
without any original data and studies that did not
clearly state in their methods that a combined endo
scopic and laparoscopic approach was used were also
excluded. When there was an overlap in the data
between the two studies, only the most recent study
was considered. Technical articles not reporting patient
results were also excluded.

Data extraction and analysis

The included studies were assessed; and the relevant
data that was extracted by the reviewers was filled onto
a spreadsheet data extraction form. The extracted data
for each study focused on: first author’s name, year of
publication, country involved, study design, number of
cases, lesion pathology, its’ size and location, operative
technique name, endoscopy team and surgical team
role, operative time, type of closure of visceral wall
defect, any blood loss or complications and length of
hospital stay. If a technique has a commonly used
acronym this is given in a parenthesis after its name.
The investigated outcomes for each technique were:
type of technique used, number of cases, lesion size,
tumor location, tumor pathology, role of endoscopic
and of laparoscopic team, technique of visceral wall
closure, operative time duration, adverse events and
complications. Only descriptive statistics were used.
Weighted averages were calculated based only on the
number of patients of each study. Results are given as
means ± SD.

RESULTS
The search returned 414 abstracts published from
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June 1971 to March 2015; 339 of these were excluded
on the basis of their title or the abstract contents.
From the remaining 75 abstracts, 50 were case reports
or studies with less than 10 patients. The remaining
25 articles included 8 prospective case series, 4
retrospective cohort studies, and 13 retrospective
series (table 1). The total number of patients operated
by a cooperative laparoscopic endoscopic technique in
these studies was 706.
Concerning the resected lesion pathology, 4 studies
included only GIST, while 22 studies involved a variety
of benign submucosal tumors (SMT) and GIST, 6
studies early gastric cancer (pT1a and pT1b) and only 1
study had to do with early duodenal cancer. The mean
tumor size varied from 5 to 55 mm. Almost all tumors
were located in the stomach, with only one study
dealing with duodenal tumors. Heterogeneity existed
concerning the name of the procedures, the patients’
characteristics and the reported outcomes (table 2).
For consistency reasons, throughout this paper the
term Cooperative Laparoscopic Endoscopic Techniques
is used to include all the techniques described.
Eleven operative techniques using a cooperative
laparoscopic and endoscopic approach were identified
from the literature. In all publications the procedure
was undertaken in the operating theater under general
anesthesia. The operative techniques were classified
into three categories according to the roles of the
endoscopic and laparoscopic teams: the laparoscopyassisted endoscopic resection (LAER) group where the
resection was performed primarily by the endoscopic
team under laparoscopic control; the endoscopeassisted laparoscopic resection (EALR) group where
the laparoscopic team performed the resection under
endoscopic monitoring; the combined laparoscopic
endoscopic resection (CLER) group where the
resection was performed jointly by the laparoscopic
and the endoscopic team. The characteristics of
these techniques, their indications and their reported
outcomes are reported herein (table 3).
Weighted averages based on patient number were
calculated: for the tumor size they were 3.1 mm for
the LAER, 33.3 mm for the EARL and 28.5 mm for the
CLER group; for the operative time they were 88.4 min
for the CLER, 72.1 min for the LAER and 103.1 min
for the EALR group; for the estimated blood loss were
3.5 ml, 29.8 ml and 50.6 ml for the CLER, LAER and
EARL groups respectively; and for the hospital stay
time were 9.9 d for the CLER group, 2 d for the LAER
group and 8.5 d for the EARL group.

Group 1: LAER

In this category, endoscopic mucosal resections (EMR)
and ESD are undertaken under laparoscopic control
(Figure 1).
The endoscopic team performs an EMR or ESD
while the laparoscopic team has a backup role; it
monitors the endoscopic resection and provides an
extraluminal treatment of any adverse effect like
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Table 1 Publications of cooperative laparoscopic endoscopic techniques with > 10 patients
Authors
Choi et al[20]
Shimizu et al[26]
Matthews et al[30]
Ludwig et al[27]
Bouillot et al[19]
Walsh et al[36]
Hindmarsh et al[21]
Schubert et al[28]
Mochizuki et al[24]
Novitsky et al[13]
Huguet et al[22]
Privette et al[15]
Wilhelm et al[16]
Sasaki et al[25]
Kang et al[14]
Ohata et al[29]
Qiu et al[6]
Dong et al[68]
Tsujimoto et al[49]
Kawahira et al[46]
Hoteya et al[45]
Cho et al[56]
Hur et al[57]
Mori et al[54]
Shiwaku et al[71]

Country

Year

Study type

No. Cases

Korea
Japan
United States
Germany
France
United States
United Kingdom
Germany
Japan
United States
United States
United States
Germany
Japan
China
China
China
China
Japan
Japan
Japan
Korea
Korea
Japan
Japan

2000
2002
2002
2002
2003
2003
2005
2005
2006
2006
2008
2008
2008
2010
2013
2014
2013
2014
2012
2012
2014
2011
2014
2015
2010

Retrospective series
Retrospective cohort
Retrospective cohort
Prospective case series
Multicenter retrospective case series
Retrospective series
Retrospective series
Retrospective series
Retrospective series
Prospective case series
Retrospective series
Retrospective series
Prospective case series
Prospective case series
Retrospective series
Retrospective series
Retrospective series
Retrospective cohort
Retrospective series
Retrospective cohort
Retrospective series
Prospective case series
Prospective case series
Prospective case series
Prospective case series

32
11
33
18
561
13
30
26
12
50
33
12
93
45
101
22
69
18
20
16
25
14
13
16
16

1

Only 20 patients had a cooperative laparoscopic endoscopic procedure.

Table 2 Reported outcome for cooperative laparoscopic endoscopic techniques with > 10 patients
Authors

Year

Technique

Cases

Lesion

Location

Choi et al[20]

2000

SMT,
leiomyosarcoma
SMT
GIST

(20-60)

(80-180)

2002
2002

21
10
1
11
15
3
3

Stomach

Shimizu et al[26]
Matthews et al[30]

Stomach
Stomach

NR
45 (17-82)

145 ± 43
169 (65-300)

Ludwig et al[27]

2002
2003
2003
2005
2005

18
8
20
13
30
16

LIGS

7

EAWR
EAWR
LIGS
other
EAWR
EATR
EAWR
Distal gastrectomy
LIGS
LAER
EAWR
EATR
EAWR
LIGS

12
30
17
3
11

SMT,
EGC
SMT
SMT
SMT
SMT,
EGC
SMT,
EGC
SMT
SMT

Stomach

Bouillot et al[19]
Walsh et al[36]
Hindmarsh et al[21]
Schubert et al[28]

EAWR
LIGS
Proximal gastrectomy
EAWR
EAWR
EATR
Needlescopic LIGS
(enucleations)
EAWR
LIGS
EAWR
LIGS
EAWR
EAWR

Mochizuki et al[24]
Novitsky et al[13]

2006
2006

Huguet et al[22]

2008

Privette et al[15]

2008

Wilhelm et al[16]

2008

Sasaki et al[25]

2010
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5
3
4
1
55
34
35
3

Lesion size
(mm)

Operative time
(min)

NR

44.3 (31-67)
67.1 (49-102)
104 (40-120)
186
73.8 (26-160)
53 (35-115)

Stomach
Stomach
Stomach
Stomach

38 (15-100)
38 (15-70)
46.6 (12-90)
36 (16-47)

Stomach

36 (16-47)

83 (56-130)

Stomach
Stomach

27 (15-48)1
44 (10-85)

100 (65-180)1
135 (49-295)

SMT

Stomach

39 (5-10.5)1

SMT

Stomach

SMT

Stomach

SMT

Stomach

52 (25-60)
55 (35-70)
46 (25-75)
5
25 (3-65)
26 (5-55)
32 (16-74)

12485

NR
180 (122-262)
322 (256-340)
236 (202-265)
25
81.2 (35-202)
114 (40-275)
73 (30-150)
145 (100-240)

Blood loss
(mL)
NR

98 ± 107
106 (20-200)

NR

LOS (d)
(6-7)

13.2 ± 3.7
3.8 (2.7)

NR
NR
196 (0-1000)
NR

7.5 (3-11)
10.2 (6-16)
6 (2-12)
3.8 (3-8)
5 (1-11)
NR

0 (0-100)1
NR

7 (5-12)1
NR

NR
80 (50-100)
167 (100-200)
100 (50-200)
NR

3 (1-80)
10 (3-65)

3 (1-40)1
3.4 (2-5)
8.3 (8-9)
3.3 (3-4)
2 (2)
7.68 (4-19)
7.48 (2-14)
7 (5-14)
8 (5-9)
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Kang et al[14]
Ohata et al[29]

2013
2014

Qiu et al[6]

2013

Dong et al[68]

2014

Tsujimoto et al[49]
Kawahira et al[46]
Hoteya et al[45]
Cho et al[56]

2012
2012
2014
2011

Hur et al[57]

2014

Mori et al[54]
Shiwaku et al[71]

2015
2010

Single port LIGS
EATR
EAWR
EAWR

3
4
97
22

LAER
EAWR
MLIGS
EFR
LECS
LECS
LECS
LAEFR +
Lymphadenectomy
LAEFR +
Lymphadenectomy
LADG
LAEFR
Clean-NET

5
64
8
10
20
16
25
14

SMT
SMT,
EDC
GIST
GIST
SMT

Stomach
Duodenum

(10-82)
13.3 ± 11.6

113 ± 36
133 ± 45

36 ± 18
16 ± 21.1

4.5 ± 2.1
15.1 ± 7.7

Stomach
Stomach
Stomach

28 ± 16

SMT
SMT
SMT
EGC

Stomach
Stomach
Stomach
Stomach

27.5 ± 10.7
16.5 ± 5.9
37.9 (18-66)
NR
NR
26 (12-90)1

81.6 ± 31.8
86.3 ± 28.5
85 ± 25.77
120 ± 34.72
157.5 (89-316)
172
156
143 (110-253)1

29.8 ± 15.4
31.4 ± 11.6
20 ± 10.4
48 ± 31.9
3.5 (0-20)
NR
NR
16 (5-30)1

7.5 ± 1.1
10.2 ± 9.1
11.6 (6-13)
10
10.5
6 (4-10)1

9

EGC

Stomach

12 (4-32)

181 (125-240)

NR

5.9 ± 1.3 (4-8)

4
16
16

GIST
EGC

Stomach
Stomach

28.3 (8-54)
NR

271 (100-480)
182.1

NR
19.4

12.3 (10-15)
NR

4.6

Numbers are given as means ± sd, or means (range). 1median (range). EAWR: Endoscope-assisted laparoscopic wedge resection; LIGS: Laparoscopic
intragastric surgery; ELIS: Endoscope-assisted laparoscopic intragastric stapling; EATR: Endoscope-assisted laparoscopic transgastric surgery; LAER:
Laparoscopy-assisted endoscopic resection; EFR: Endoscopic full thickness resection; LECS: Laparoscopic endoscopic cooperative surgery; LAEFR:
Laparoscopy-assisted endoscopic full thickness resection; NEWS: Non-exposed endoscopic wall-inversion surgery; Clean-NET: clean non exposure
technique; SMT: Submucosal tumors; EGC: Early gastric cancer (T1a, T1b); EDC: Early duodenal cancer; LOS: Length of hospital stay in days; NR: not
reported.

Table 3 Cooperative laparoscopic endoscopic techniques data comparison
Technique name

Lesion

Location

Endoscopy team role

Surgical team role

Closure type

Specimen
retrieval

No.
2
papers

No.
2
cases

LAER[6,8,9,16]

SMT

Endoscopic resection

Monitoring

No closure

Endoscopic

4

10

EAWR[6,13-29]

SMT, EGC

Tumor localization,
exposure
Tumor localization

Full thickness resection

Stapler/sutures

Surgical

17

523

SMT

Stomach,
Duodenum
Stomach,
Duodenum
Stomach

Stapler/sutures

Surgical

6

70

SMT, EGC

Stomach

13

101

ELIS[39-41]

SMT

Stomach

3

13

single port LIGS[25,42,43]

SMT

Stomach

Tumor localization,
exposure
Tumor localization,
exposure, endoscopic
guidance
Tumor localization

Mucosal resection, full
thickness resection
Mucosal resection, full
thickness resection
Stapling

LECS[44-51]

SMT, EDC

Inverted LECS[52]
LAEFR[53,55-57]

EGC
SMT, EGC1

Stomach,
Duodenum
Stomach
Stomach

Clean-NET[58,71]

SMT, EGC

Stomach

NEWS[60,61]

GIST, EGC1

Stomach

EATR[16,18,22,25,30,31]
LIGS[13,15,20,25,27, 28,30,32,34-38]

Open sutures

Surgical

3

13

Stapler

Surgical

8

72

Submucosal dissection Seromuscular disection
Full thickness resection Full thickness resection

Stapler
Sutures

1
5

1
48

Tumor localization,
submucosal injection
Submucosal dissection

Seromuscular disection

Stapler

Endoscopic
Surgical,
endoscopic
Surgical

1

16

Seromuscular disection

Sutures

Endoscopic

2

7

Submucosal dissection

Mucosal resection, full
thickness resection
Seromuscular disection

Stapler/sutures/ Endoscopic,
endo clips
surgical
Stapler/sutures Endoscopic,
surgical

1

Associated with sentinel lymph node dissection; 2Including publications with < 10 patients and case reports. LAER: Laparoscopy assisted endoscopic
resection; LECS: Laparoscopic endoscopic cooperative surgery; LAEFR: Laparoscopy-assisted endoscopic full thickness resection; NEWS: Non-exposed
endoscopic wall-inversion surgery; EAWR: Endoscope-assisted laparoscopic wedge resection; EATR: Endoscope-assisted laparoscopic transgastric surgery;
LIGS: Laparoscopic intragastric surgery, ELIS: Endoscope-assisted laparoscopic intragastric stapling; SMT: Submucosal tumors; EGC: Early gastric cancer
(T1a, T1b); EDC: Early duodenal cancer; Clean-NET: clean non exposure technique.
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Figure 1 Laparoscopy-assisted endoscopic resection. The endoscopist is performing an endoscopic submucosal dissection while the laparoscopic team facilitates
the exposure by external manipulations.

accidental perforation or difficulty in controlling blood
[6]
loss . It may also provide assistance by presenting
the tumor to the endoscopic team with manipulations
[7]
on the serosal side of the gastric wall . Laparoscopy
has been used for verification of the tumor location
[8]
and orientation and for intraoperative ultrasound .
Benign SMT and GIST in the stomach and the
[6-9]
duodenum have been resected with these methods .
[6]
Concerning the complications, Qiu et al reported
in a series of five patients, one late perforation and
one episode of hemorrhage were both treated conser
vatively.

Group 2: EALR

In this group, the tumor is resected by laparoscopy
while endoscopy plays an important role in locating
the tumor, assisting with exposure and monitoring
the laparoscopic procedure. Minimally invasive robotassisted resections have also been combined with
[10-12]
intraluminal endoscopy
.
Endoscope-assisted wedge resection: The patient
is placed in the operating theater in the standard
position for laparoscopic upper gastrointestinal
surgery. A 10-12 mm port for the optic is placed in
the supraumbilical midline or, according to some
teams, at about one third of the distance between
[13]
the umbilicus and the xiphoid . Two to three
5-mm ports and a 12 mm port for the endoscopic
stapler are added according to the surgical team
habitude. A laparoscopic bowel clamp can be placed
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in the small bowel just distally to the angle of Treitz
to avoid small bowel insufflation that hinders the
laparoscopic exposure. Using the endoscopic vision
and laparoscopic vision and palpation, the location of
the SMT is confirmed and marked. Blood vessels in
the excision area around the tumor are dissected and
controlled in order to avoid hemorrhage. The gastric
wall, including the SMT, is lifted by the laparoscopic
team with seromuscular sutures placed or by traction
from laparoscopic grasping forceps. The tumor, as well
as a cuff of normal gastric tissue around it, is removed
with a linear endoscopic gastrointestinal stapler in a
wedge resection. The staple line can be reinforced
with a running suture. Usually two to three stapler
cartridges are used for the resection. The tumor is
retrieved through an enlarged port hole, protected
inside a specimen bag. At the end of the procedure,
endoscopy confirms the complete resection and the
absence of bleeding or leak (Figure 2).
For lesions located at the posterior gastric wall,
the gastrocolic omentum is dissected and the greater
curvature of the stomach mobilized laparoscopically.
The greater curvature is retracted cephalad, exposing
the posterior gastric wall via the lesser sac. Then the
[14]
same technique is applied . If the tumor is located
near the esophagogastric junction or pyloric ring,
the endoscope is placed distally into the stomach or
duodenum to protect the normal gastric wall from
stenosis or damage. In these cases and in the case
of large tumors it is proposed to resect the tumor by
using laparoscopic ultrasound shears or a vascular
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Figure 2 Endoscope-assisted laparoscopic wedge resection. A: The tumor is located by endoscopy and laparoscopy; two laparoscopic stay sutures are placed;
B: Traction by the stay sutures creates tenting of the gastric wall; C: An endoscopic stapler is applied at the normal gastric wall distally to the tumor under endoscopic
control; D: Full thickness resection with everted stapling of the gastric wall.

sealing system as the application of a stapler may
[15]
result in deformation of the stomach and stenosis .
The gastric wall defect may be closed by laparoscopic
[16]
sutures or a laparoscopic stapler .
This is by far the most common combined technique
with more than 500 cases published. It has been
[6,13-26]
used for the resection of gastric SMT and GIST
.
A few teams have described the resection of early
[27,28]
gastric cancer of stages pT1aNx
as well as the
resection of duodenal SMT and duodenal submucosal
[29]
cancer . The mean operative time is 44.3-180 min,
the mean estimated blood loss is 3-196 ml and the
mean hospitalization time is 3.4-15.1 d. The reported
complications include: hemorrhage, hypoperistalsis,
bowel injury, staple or suture line insufficiency and
[14,15,19,20,22,24,27,29,30]
incomplete resection
; in large series,
[6,14,16,19]
the complication rate is 0%-3%
.
Endoscope-assisted laparoscopic transluminal
(transgastric) surgery: The same principles for
the patient and the surgical team installation as the
previous technique are applied. Once the lesion is
located, the laparoscopic team makes a laparoscopic
incision (gastrotomy) in the anterior abdominal wall
overlying the lesion. The exact position of the gastro
tomy is defined by palpation and transillumination by
the gastroscope (figure 3). By applying traction on
the adjacent normal mucosa, the lesion is delivered
through the gastrotomy into the peritoneal cavity and
is resected with an inverted wedge excision with a
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[20]

laparoscopic stapler . Alternatively, the laparoscopic
team can perform a submucosal or full thickness
[25]
excision of the lesion . The gastric wall opening is
[18]
closed with an endoscopic stapler or with sutures .
This technique is used predominantly to resect
[16,18,22,25,30,31]
lesions of the posterior gastric wall
and
[10]
posterior lesions of the duodenum . The reported
mean operative time is 114-145 min, the mean blood
[16,22,25]
loss 3-8 ml, and the mean hospital stay 3-8 d
.
There are rare incidents of hemorrhage, leak and
[22,25]
surgical wound infection
.
Endoscope-assisted laparoscopic intraluminal
(intragastric) surgery: In this approach, first des
cribed by Ohashi in 1995, the laparoscopic ports
are passed through the abdominal wall and then
[32]
through the gastric wall, inside the gastric cavity .
The procedure starts with a laparoscopic exploration
of the peritoneal cavity and, if needed, mobilization
of the gastric ligaments. Once the tumor location
is pinpointed by endoscopy, the laparoscopic team
punctures the gastric wall and inserts an optical port
and two working ports inside the stomach (Figure 3).
The ports rest in their place by means of an inflatable
balloon at their tip; some authors prefer using stan
dard laparoscopic ports and keep them in place by
suspending the stomach at the anterior abdominal
[33]
wall with sutures . The lesion can be removed by
laparoscopic mucosal resection, full thickness resection
or laparoscopic stapling. The endoscopist can facilitate
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Figure 3 Endoscope-assisted laparoscopic intragastric and transgastric resection technique. A: Localization of the tumor at the posterior gastric wall by
endoscopy and the position of the anterior gastric wall overlying the tumor is shown to the laparoscopic team by transillumination; B: Transgastric resection: the
anterior gastric wall is sectioned (gastrotomy) to give laparoscopic access to the gastric lumen and the tumor; C: Intragastric resection: the laparoscopic ports are
inserted through the abdominal wall and through the gastric wall inside the gastric lumen; the gastric wall is held in contact with the abdominal wall by means of the
balloon tipped laparoscopic ports.

the procedure by applying traction with a snare and
in the end retrieve the resected lesion through the
mouth. Large lesions can be retrieved by the surgical
team through an enlarged gastrotomy. In the end, the
gastric wall perforations are sutured and the stomach
is inflated to verify the closure.
A modified laparoscopic intraluminal (intragastric)
surgery (LIGS) procedure has been described by Dong
[33]
et al . The stomach is suspended from the anterior
abdominal wall and under the combined laparoscopic
and endoscopic control, two 5 mm laparoscopic ports
are inserted into the gastric cavity. Inside the stomach
the surgeon performs a partial thickness resection of
the tumor down to the muscular layer under vision
from the gastroscope. The specimen is retrieved
through the mouth by the endoscopist. The gastric
wall defect and the gastric port holes are closed with
endoscopic titanium clips.
LIGS has been used in more than 100 cases for
[13,15,20,25,27,28,30,3
the removal of benign SMT and GIST
[28,32]
2,34-38]
, as well as early gastric cancer
. The mean
operative time is 74.6-236 min, the mean blood loss is
10-100 ml and the mean hospital stay is 3.3-10.2 d;
reported complications include hemorrhage, posterior
[13,15,20,25,27,28,30,32,35-38]
wall perforation and leak
.

inserted into the stomach. The endoscopist visualizes
and exposes the tumor. A laparoscopic stapler is used
to resect the lesion with an inverted wedge resection
(Figure 3). The gastric port hole is stapled shut. This
procedure is used mainly for endophytic benign lesions
[39-41]
and has an operative time ranging 85-105 min
.

Endoscope-assisted laparoscopic intragastric
stapling: Only one 12 mm laparoscopic port is

Group 3: combined laparoscopic-endoscopic resection
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Single Port LIGS: A 3 cm umbilical mini laparotomy
is made, and through it the stomach is grasped and a
2 cm gastrotomy is performed. It is possible to make
the mini laparotomy higher and to the left of the
midline in order to get a better access to the stomach.
A single port laparoscopic device is inserted through
the abdominal wall into the stomach; the device’s
shape maintains the gastric wall in contact with the
abdominal wall. The single port allows the introduction
of a laparoscope, laparoscopic instruments, and
stapler (Figure 3). In the end of the procedure, the
gastrotomy can be closed through the mini laparotomy
[25,42,43]
by open suturing or by stapling
.
This technique is used for posterior gastric wall
benign lesions. It has a mean operative time of
74.6-145 min, a mean blood loss of 10 ml and a mean
hospitalization of 5-8 d. Leak from the gastric wall
[25,42,43]
closure has been reported in a single case
.

This group is comprised of operative techniques
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Figure 4 Laparoscopic endoscopic combined surgery. A: Submucosal injection and section of the mucosa around the tumor by the endoscopic team; B: After
perforation of the gastric wall by the endoscopic team, the laparoscopic team makes a full thickness incision following the path of the endoscopic resection; C:
Eversion of the tumor towards the peritoneal cavity and laparoscopic resection around the 2/3 of the gastric wall around it; D: Resection of the tumor and closure of
the gastric wall by application of a laparoscopic stapler.

where the endoscopic and the laparoscopic team are
cooperating for the joint dissection of the tumor.
Laparoscopic endoscopic cooperative surgery: In
[44]
this procedure, described by Hiki et al
in 2008, the
lesion is located and partially dissected by ESD. The
resection is completed by laparoscopy.
The laparoscopic team is installed and the operative
ports are placed in the standard position for upper
gastrointestinal procedures. Then the endoscopic
team marks by coagulation the periphery of the
tumor keeping a safety margin. After submucosal
injection, three-fourths of the marked area around the
tumor are cut down to the submucosal layer using an
insulated tip electrosurgical knife (IT Knife, Olympus,
Japan). The presence of an insulated ceramic ball
at the tip of this needle-knife is believed to reduce
the chance of accidental muscle layer dissection.
Following that, the endoscopist makes a perforation
of the gastric wall at the dissection line, with the tip
of a standard needle knife. Next, the surgical team
intervenes laparoscopically. The tip of an ultrasonic
shears device or alternatively of a vessel sealing
system is inserted into the perforation and three-
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fourths of the circumference around the tumor are
dissected following the endoscopic dissection path.
Subsequently, the tumor is turned over, towards the
peritoneal cavity. The serosa of the non-resected part
of the tumor is grasped and retracted, exposing the
extremity of the incision. Finally, the incision line is
closed using a laparoscopic stapler (Figure 4). The
specimen is retrieved and protected in a plastic bag,
through a laparoscopic port hole. For the tumors
located near the esogastric junction or pyloric ring, the
gastric wall defect is closed with laparoscopic sutures,
since any application of a stapling device in these
areas may cause deformity of the stomach or stenosis.
Laparoscopic endoscopic cooperative surgery (LECS)
has been used in 70 patients for the resection of benign
[44-50]
SMT of the stomach and the duodenum
and in one
[51]
case for the resection of an early duodenal cancer .
The mean operative time of this procedure is 120-182
min, the mean blood loss 7.4-11.6 ml and the patient
is hospitalized for a mean 5-11.6 d. Interestingly,
there are no complications reported from the highly
[44-51]
specialized team performing this procedure
.
Inverted LECS: In order to prevent spillage of gastric
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content and consequently reduce the risk of tumor cell
dissemination in the peritoneal cavity, a variation of
the classic LECS procedure was described by Nunobe
[52]
et al
in 2012 in a single case of early gastric cancer
resection. The Inverted LECS procedure makes use of
suspension sutures passed through the abdominal wall
to lift the gastric wall around the tumor like a crown;
this step reduces the risk of gastric content spillage.
In addition, to prevent contact between the tumor
and the peritoneal cavity, the tumor is inverted to face
the intragastric cavity. The resection is terminated
by application of a laparoscopic stapler that resects
the tumor and closes the gastric wall defect and the
specimen is removed trans-orally. Thus, the tumor is
always kept inside the stomach and is never in direct
contact with the perigastric viscera.
Laparoscopy-assisted endoscopic full-thickness
resection: Laparoscopy-assisted endoscopic fullthickness resection (LAEFR) was described by Abe et
[53]
al . It is based on the same principles of LECS but
instead of a submucosal dissection, the endoscopic
team performs a full thickness resection around the
tumor. The laparoscopic team facilitates the exposure
by traction from the serosal side of the gastric wall.
After the 2/3 of the resection is completed, the
exposure for the endoscopic team is hindered by
the loss of CO2 towards the peritoneal cavity. Then
the laparoscopic team completes the full thickness
resection with ultrasonic scissors or a vessel sealing
device. The specimen is retrieved either per-orally or
protected in a plastic bag through a port site and the
gastric wall defect is hand-sewn by the laparoscopic
team.
This technique has been used in 20 patients with
[53,54]
GIST
and other benign SMT and in 24 patients
with early gastric cancer; in the case of early gastric
cancer a sentinel node selective lymph node dissection
[55-57]
was performed by laparoscopy
. This difficult
procedure has a mean operative time of 181-389
min, minimal blood loss and a mean hospitalization of
5.9-12.3 d. The expert teams performing LAEFR report
[54-57]
no complications in their series
.
Clean non exposure technique: Clean non exposure
technique (Clean-NET) is a combined laparoscopic and
endoscopic “non exposure” full-thickness gastric wall
[58]
resection described by Inoue et al
in 2012. First
the boundary of the lesion is marked by coagulation
endoscopically with a 10 mm safety circumferential
margin. The surgical team places 4 full thickness stay
sutures around the lesion in order to fix the mucosa
to the other layers. The endoscopic team injects the
submucosal layer with a solution in a circle outside of
the stay sutures. Then, the surgical team dissects the
seromuscular layer around the tumor and outside of
the stay sutures, down to the submucosal layer, using
a laparoscopic electrocautery knife. Once the dissection
is finished, traction is applied to the stay sutures and
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the specimen with the surrounding mucosa is pulled
out of the stomach, sealed inside a protective mucosal
“net”. A laparoscopic linear stapler is used to close the
wall defect and resect the mucosal “net” containing
the specimen. In the end, the specimen is put into a
[58]
laparoscopic bag and is withdrawn from a port hole .
Non-exposed endoscopic wall-inversion surgery:
Non-exposed endoscopic wall-inversion surgery (NEWS)
was developed as a new full-thickness resection tech
nique without intentional perforation mainly aimed at
being a minimally-invasive procedure for early gastric
cancer.
The NEWS procedure starts by placing marks with
the coagulation around the tumor; on the mucosal
surface by the endoscopic team and on the serosal
surface by the laparoscopic team. A submucosal in
jection of sodium hyaluronate with an Indigo Carmine
dye solution is performed by the endoscopist; this helps
dissect the submucosal plane around the tumor. In the
case of early gastric cancer, Indocyanine Green is used
in order to stain the regional sentinel lymph nodes. The
whole lymph node group containing the sentinel node
is dissected and sent for frozen section; the procedure
continues once the lymph nodes are confirmed free
of cancer. Then the laparoscopic team proceeds with
a circumferential seromuscular dissection down to the
colored submucosal layer, around the tumor. Once the
dissection is terminated, the tumor is inverted and
the seromuscular layer is closed with a laparoscopic
®
running suture; a surgical spacer (Securea ; Hogy
Medical Co., Ltd., Tokyo, Japan), cut to fit the resection
site, can be placed between the tumor and the suture
line to facilitate the procedure. Finally the resection
is completed by a circumferential muco-submucosal
incision under endoscopy and the spacer is dug out.
The resected specimen is retrieved through the mouth,
and the mucosal defect at the resection site is closed
with endoscopic clips (Figure 5).
The technique was initially described in a porcine
[59]
model by Goto et al
in 2011 and was applied to
[60]
6 patients with gastric GIST . It has been used in
combination with a selective lymph node dissection to
[61]
resect an early gastric cancer . The mean operative
time is reported at 270 min and the mean blood loss is
10-113 ml. In two patients, the mucosal barrier was
unintentionally breached during the dissection but no
[60,61]
other adverse events have been reported
.

DISCUSSION
A large armamentarium of cooperative laparoscopic
and endoscopic procedures are available for the
multidisciplinary teams that wish to make use of them.
What are, then, the indications for these cooperative
procedures? The three largest published series
totaling 256 patients involved primarily the resection
of GISTs (82%) and secondly the resection of various
[6,14,16]
benign SMT
. According to the 2010 National
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Figure 5 Non-exposed endoscopic wall-inversion surgery. A: Endoscopic submucosal injection around the tumor; B: Laparoscopic seromuscular dissection
around the tumor down to the stained submucosal plane; C: Retraction of the tumor with its overlying normal gastric wall towards the gastric lumen, and closure of
the gastric wall by laparoscopic seromuscular extramucosal suturing; D: The gastric wall opening is completely closed and the tumor is invaginated inside the gastric
lumen; endoscopic mucosal resection around the tumor with a needle knife. E: Endoscopic extraction of the tumor, and the gastric mucosa is approximated with clips.
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Comprehensive Cancer Network (NCCN) GIST and
the 2015 NCCN sarcoma guidelines, GISTs smaller
than 5 cm may be treated by a laparoscopic resection
by surgeons who have the appropriate experience;
provided that a margin free resection is done, the
GIST capsule is preserved and tumor spillage is
avoided. It is recommended that the specimens should
[62]
be removed from the abdomen in a plastic bag .
Consequently, patients with gastric GISTs smaller
than 5 cm irrespectively of their localization are good
candidates for these cooperative techniques. The LECS
procedure is on the national insurance list in Japan for
benign SMT and small GIST since February 2014; it is
currently widely being carried out and its’ use is rapidly
[63]
increasing in Japanese Institutions .
In our data there were also reports and small caseseries of cooperative resections for early gastric cancer
[27,28,32,52,55-57,61]
for a total of 46 patients
. Early gastric
cancers (T1a) are amenable to endoscopic resection if
they are well-differentiated, ≤ 2 cm, confined to the
mucosa and not ulcerated; the associated lymph node
[64]
metastatic risk is virtually zero for this group . The
Japanese National Cancer Centre has expanded the
inclusion criteria for ESD to tumors with intestinal-type
histology, no evidence of lymphovascular involvement
and to intramucosal cancers without ulceration
regardless of tumour size; intra-mucosal cancers <
3 cm with ulceration or cancers with early invasion
[65]
into the submucosa (sm1) measuring < 3 cm . A
large retrospective study of 1485 patients comparing
patients who had received a curative resection by
means of ESD following the expanded criteria to those
following the classic inclusion criteria did not find any
[66]
difference in long term survival and outcomes .
Even though the ESD achieves excellent en bloc
resection rates in early gastric cancer it also presents
a high possibility of bleeding, perforation, and long
[67]
procedure times . Various “non exposure” combined
laparoscopic and endoscopic techniques have been
developed for the treatment of early gastric cancer
with the purpose of diminishing the risk of tumor cell
seeding in the peritoneal cavity: inverted LECS, LAEFR,
Clean-NET and NEWS. They may be considered for
early gastric cancer lesions difficult to treat with ESD,
including large intramucosal lesions located at the
greater curvature of the gastric body and fornix, or for
[52]
lesions with a strong ulcer scar . Clinical experience
remains limited to case reports and case series from
expert Asiatic centers, nevertheless, preliminary
results are promising.
Cooperative laparoscopic endoscopic techniques
present many theoretical advantages. Is there any
clinical benefit to be gained by their application? In the
series of endoscopy assisted laparoscopic resections
[16]
from Wilhelm et al , tumor identification and locali
zation solely by visual exploration and palpation
of the abdominal cavity during initial laparoscopy
was successful in 21 out of 93 patients (22.6%). In
addition, the tumor localization was exact enough to
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permit a secure resection in only three patients. This
was due to the inability to define whether a lesion was
located in the anterior or posterior gastric wall. With
the endoscopic endoluminal view, 92 tumors (98.9%)
[16]
were exactly located . This fivefold increase in the
tumor detection is clinically and statistically significant
2
(p < 0.001, χ = 93.8) and achieves a detection rate
similar to that of open surgery. Laparoscopic SMT
wedge resection is comparable to the open surgical
resection in respect to the duration of surgery and
the complication rate, but has a significantly less
intraoperative blood loss, faster first flatus passage
[24]
and earlier resumption of oral intake
as well as an
[26]
[30]
earlier mobilization and a shorter hospital stay .
[68]
A small case-control study by Dong et al
com
pared eight patients operated with a modified laparo
scopic intragastric surgery (MLIGS) technique for
GISTs to ten patients operated with an endoscopic fullthickness resection (EFR). The MLIGS technique was
found to have a significantly shorter operative time
(mean time, 85 vs 120 min, t = 2.371, p < 0.05) and
blood loss (mean blood loss, 20 mL vs 48 mL, t = 2.372,
P < 0.05). Also the patients operated by MLIGS had a
tendency for bigger tumor size, shorter hospital stay
and shorter abdominal pain duration in comparison
[68]
to those treated by EFR . Therefore there is some
evidence that a laparoscopic endoscopic cooperative
approach has certain benefits over open surgery and
other endoscopic techniques as well.
Some studies have tried to propose recom
mendations for the choice of the ideal cooperative
technique according to the tumor characteristics.
[69]
Tagaya et al
suggest that the endoscopy-assisted
laparoscopic wedge resection (EAWR) is better
suited for tumors located on the anterior wall and
for exophytic tumors, while the Endoscopy-assisted
laparoscopic transgastric resection (EATR) should be
used for tumors < 4 cm located on the posterior wall.
EAWR can resect easily lesions of the gastric fundus
and of the greater curvature, while LIGS is more
adapted for tumors of the lesser curvature and the
[15]
gatroesophageal junction . A ROC curve analysis
and multivariate logistic regression of 57 patients with
SMT treated by EAWR and EATR, proposed a decision
making algorithm based on the tumor size, location
and growth pattern. An EATR seems to be the ideal
choice for endophytic SMT ≤ 2 cm, situated high or
low on the posterior gastric wall or lesser curvature,
whereas an EAWR can be proposed for all other
[70]
cases . The size of the SMT plays an important role
in the choice of operative technique. For a wedge
resection with a linear stapler, theoretically the radius
of the resected gastric wall must be more than 2 π
× the radius of the tumor. This translates to a gastric
wall defect of more than three times the size of the
tumor and for large tumors this may be the cause for
deformation of the stomach and stenosis. Tsujimoto et
[49]
al
showed that a LECS requires resection of gastric
wall less than 1.5 times the tumor size, reducing this
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Table 4 Advantages and disadvantages of the various cooperative laparoscopic endoscopic techniques
Technique name
LAER

EAWR
EATR

LIGS
ELIS
Single port LIGS
LECS

Inverted LECS
LAEFR
Clean-NET

NEWS

Pros

Cons

Minimally invasive approach
Monitoring and backup from the laparoscopic team in case of
accidental perforation
No requirement of advanced laparoscopic or endoscopic skills
Good entry level for teams starting cooperative techniques
Favorable access to lesions ≤ 2 cm, situated high on the posterior
wall or lesser curvature without mobilizing the stomach

Suitable for small lesions with intraluminal expansion
Requires advanced endoscopy skills

Leaves larger wall defects compared to other methods
Risk of gastric deformation or stenosis from stapling
Requires gastrotomy closure
May lead to spillage with peritoneal contamination and
dissemination
Similar to EATR
Risk of gastric deformation or stenosis from stapling
Same as EATR
Same as LIGS
Difficulty in orienting the stapler under endoscopic view
Less invasive than the classic LIGS
Requires previous experience in single port laparoscopy
The gastrotomy can be closed through the single port incision
More difficult than EATR and LIGS
Combines the advantages of both endoscopy and laparoscopy.
Requires advanced endoscopy and laparoscopy skills. More
No restriction in the size or location of the tumor
adapted in high volume centers
Risk of spillage and contamination
Not adapted for early gastric cancer
Diminishes the risk of peritoneal cancer dissemination
Not adapted for early gastric cancer
Minimal invasive endoscopic resection
Requires advanced endoscopy skills in dissection techniques and
The procedure is facilitated by the laparoscopic view and exposure closure of wide wall defects with macro-clips or suturing devices
Diminishes the risk of peritoneal dissemination of gastric cancer
Limited literature
Requires special training
Risk of mucosal tear with cancer cell dissemination
Diminishes the risk of peritoneal dissemination of early gastric cancer
Limited literature. Requires special training

LAER: Laparoscopy assisted endoscopic resection; LECS: Laparoscopic endoscopic cooperative surgery; LAEFR: Laparoscopy-assisted endoscopic full
thickness resection; NEWS: Non-exposed endoscopic wall-inversion surgery; EAWR: Endoscope-assisted laparoscopic wedge resection; EATR: Endoscopeassisted laparoscopic transgastric surgery; LIGS: Laparoscopic intragastric surgery; ELIS: Endoscope-assisted laparoscopic intragastric stapling; Clean-NET:
clean non exposure technique.

risk. In addition, the endoscopic incision that traces
the margin of resection for LECS is believed to provide
a more accurate incision line in comparison to the
[63]
extraluminal approaches .
The choice of which cooperative technique to use
extensively depends on the team’s expertise (Table
4). For example Endoscope assisted laparoscopic
resections do not require endoscopic dissection skills
since the role of the endoscopist is to locate, inspect
and guide the laparoscopic resection; these procedures
can be reproduced by any team with expertise in
laparoscopic surgery. This approach is attractive for
starting endoscopic/laparoscopic teams and could
be the first step towards more advanced combined
procedures. Interestingly the combined procedures
like LECS offer a significant advantage: the technical
difficulty is weighed-down and shared between the
endoscopic and the laparoscopic team. Additionally,
any adverse events encountered by the endoscopic
team may be easily controlled by the laparoscopic
team and vice versa. The future may prove that the
cooperative techniques will be used by all endoscopic
and laparoscopic teams aiming for excellence.

Benign upper gastrointestinal tumors can be treated with local excision. Small
gastrointestinal stromal tumors (GIST) can also be treated likewise as long as
the resection margins are free in the pathological examination; no extensive
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Endoscopy was found to be an invaluable tool for the localization of small
gastric or duodenal lesions that were hard to identify during laparoscopic
resection. With the evolution of interventional endoscopy, the role of the
endoscopist during these cooperative procedures became progressively more
active.

Innovations and breakthroughs

Hiki et al described first in 2008 an innovative procedure called laparoscopic
endoscopic cooperative surgery (LECS) that combined the strongest points of
interventional endoscopy and laparoscopic surgery for the removal of gastric
wall lesions. Following that, a series of other innovative techniques such as
inverted LECS, laparoscopic endoscopic full thickness resection, clean non
exposure technique and non-exposed wall-inversion surgery have emerged.
When performed by expert teams they show a lot of promise and achieve solid
oncologic results.

Applications

COMMENTS
COMMENTS
Background

surgical resection or lymph node dissection is required. These lesions are
excellent candidates for mini-invasive procedures, either surgical or endoscopic.
Each technique has its advantages and shortcomings and several groups have
combined the two approaches into what is called cooperative laparoscopic
endoscopic surgery, or hybrid laparoscopic surgery. The primary aim of this
systematic review is to present in a comprehensive way the different combined
laparoscopic and endoscopic techniques that have been described. In addition,
the authors aim to delineate the indications for each technique with a special
interest in describing its advantages and disadvantages.

The combined laparoscopic endoscopic techniques are mainly used to resect
benign gastric wall lesions that are not resectable by endoscopic submucosal
dissection. They have been extensively used for the resection of small GIST.
Interestingly, highly expert teams from Asiatic countries are reporting good
results in the application of these techniques for the treatment of early gastric
cancer.
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Terminology

The numerous procedures that have been described can be classified into three
groups. The endoscopic assisted laparoscopic resection group is making use of
endoscopic guidance while the laparoscopic team performs a wedge resection.
In the laparoscopic assisted endoscopic resection group, the laparoscopic team
has a backup role while the endoscopic team performs the resection. Finally the
combined laparoscopic endoscopic group assembles the procedures that make
use of the operative skills of both teams in order to achieve an optimal result.

13

Peer-review

15

This review investigated the cooperative laparoscopic and endoscopic
techniques used for the resection of upper gastrointestinal tumors. This review
was clearly written, and was reported all techniques used for this type of
tumour.
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Abstract
Intraductal papillary neoplasm of the bile duct (IPNB)
is a rare bile duct neoplasm mostly found in far
eastern nations where hepatolithiasis and clonorchiasis
infections are endemic. In western countries, it is very
rare and the etiology is unknown. In this article, we
report the first IPNB patient we encountered in our
clinic and a literature review. The patient is a 38-yearold female with a history of choledocholithiasis who
presented with obstructive jaundice. She was found
to have a papillary mass at the junction of the right
hepatic duct and common hepatic duct with six masses
in the liver parenchyma. The immunophenotypic
and histologic features of the tumor are consistent
with IPNB, gastric subtype. The patient had a partial
hepatectomy and has been receiving palliative chemo
therapy. In a search of PubMed database, we collected
354 IPNB patients reported in 22 articles. In these
patients, 52.8% were from Japan and 27.7% were
from western countries including the United States
(11.0%). The age of the patients ranged from 35 to 80
years old with an average of 64.6. Male/female ratio
was 1.5. Macroscopically, 57.5% of the tumors were
in the left lobe and 29.5% were in the right lobe. The
average size of the tumor were 4.2 cm at the time
of diagnosis. Histologically, pancreato-biliary subtype
accounted for 41.8%, intestinal 28.0%, gastric 13.5%
and oncocytic 16%. An invasive component is most
often present in the pancreato-biliary and gastric
subtypes. Despite recent advanced technologies,
diagnosis of IPNB is still challenging, especially in
western countries due to its rarity. Defined clinicopathologic features are in demand for the accurate
diagnosis and proper treatment.
Key words: Intraductal papillary neoplasm; Mucinous
cystic neoplasm; Bile duct carcinoma; Bile duct tumor
© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Intraductal papillary neoplasm of the bile duct
(IPNB) is very rare in the United States. In this article,
we reported the first IPNB patient we encountered.
The patient is a 38-year-old female who is one of
the youngest patients that have been reported. She
was found to have intraductal papillary masses in
the common hepatic duct and liver parenchyma. The
diagnosis was IPNB, gastric subtype. In a search of
PubMed database, we collected 354 IPNB patients
from 22 articles and summarized the clinico-pathologic
features including geographic distribution, age, gender,
symptoms, location, microscopic subtypes, differential
diagnosis, pathogenesis and therapeutic options.
Tan Y, Milikowski C, Toribio Y, Singer A, Rojas CP, GarciaBuitrago MT. Intraductal papillary neoplasm of the bile ducts:
A case report and literature review. World J Gastroenterol 2015;
21(43): 12498-12504 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i43/12498.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i43.12498

INTRODUCTION
Intraductal papillary neoplasm of the bile duct
(IPNB) is a bile duct neoplasm characterized by a
predominantly papillary growth pattern in dilated
bile ducts. An invasive component is present in
approximately 40%-80% of reported cases. IPNB is
a rare tumor, mostly found in far eastern nations like
Taiwan, Japan, and North and South Korea where
[1-5]
hepatolithiasis and clonorchiasis are endemic . In
western countries, it is sporadic and the etiology is
unknown. As a precursor lesion of cholangiocarcinoma,
IPNB was recently included in the World Health
Organization (WHO) classification of the bile duct
tumors to include the previous categories of biliary
papilloma and papillomatosis. IPNBs are considered
the biliary counterpart of pancreatic intraductal
papillary mucinous neoplasms (IPMNs). These two
types of neoplasms show a mucin-secreting columnar
epithelium with varying degrees of atypia and are
similarly classified into four subtypes based on the
histomorphology and immunophenotypical profile:
pancreato-biliary, intestinal, gastric, and oncocytic
[3,6]
subtypes (Table 1) . However, pancreato-biliary is
the most common one for IPNBs, while gastric subtype
is the most common one for IPMNs. IPMNs have
better prognosis with a lower frequency of an invasive
component.
As a new entity, the characteristics of IPNB,
including the clinico-pathologic features, the prognostic
factors and oncogenic pathways are still ill-defined,
especially of those of the sporadic neoplasms seen in
western countries. Its identification can represent a
diagnostic challenge. In this case report, we describe
the cytologic and histopathologic features of IPNB
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Table 1 Histologic subtype of intraductal papillary neoplasm
of the bile ducts by mucin core protein

Pancreato-biliary
Intestinal
Gastric
Oncocytic

MUC1

MUC2

MUC5AC

+
+ (focal)

+
+ (focal)

+
+
+
+

MUC: Mucin.

with invasive adenocarcinoma in a very young female
patient.

CASE REPORT
A 38-year-old female presented to an outside hospital
in December 2012 due to one-week of acholic stools,
jaundice, pruritus and dark colored urine. Her past
medical history was significant for choledocholithiasis.
Blood workup was consistent with obstructive jaun
dice. She underwent endoscopic retrograde cho
langiopancreatogram (ERCP), percutaneous biliary
drainage and stone extraction. Subsequently, the
patient’s symptoms resolved. Three months later, the
patient developed recurrent symptoms and presented
to the same hospital. Another ERCP was performed
and a biliary stent was placed. While placing the
stent, a mucoid mass in the common hepatic duct
was identified and biopsied. It was diagnosed as
adenocarcinoma with papillary architecture. The patient
was referred to our institution for further management.
In April 2013, the patient presented to our insti
tution. Her laboratory tests demonstrated a total
bilirubin 2.0 mg/dL (reference range: 0.2-1.3 mg/dL),
direct bilirubin 1.5 mg/dL (reference range: 0-0.4
mg/dL), alkaline phosphatase 195 UI/L (reference
range: 38-126 UI/L), AST 83 UI/L (reference range:
15-46 UI/L), ALT 187 UI/L (reference range: 9-52
UI/L), and CA19-9 37.2 UI/ml (reference range:
0-35 UI/ml). Serology was negative for hepatitis
A, B and C infection. Magnetic resonance imaging
revealed an ill-defined soft tissue fullness at the
bifurcation of the common hepatic duct causing biliary
occlusion. The left and right hepatic ducts were also
involved. Additionally, there were three ill-defined but
suspicious intrahepatic masses in segments ⅣB and
Ⅲ that measured up to 1.8 cm. They were considered
as metastases (Figure 1). Based on the radiologic
findings, the patient was considered as a poor
candidate for resection; therefore, chemotherapy was
2
initiated using Cisplatin 25 mg/m Ⅳ at day #1 with
2
Gemcitabine 1000 mg/m Ⅳ at day #1 and day #8 for
total of 4 to 6 cycles. After initiation of the treatment,
the patient showed signs of improvement including
decreased CA19-9 level and stable radiologic findings.
During the sixth to seventh cycle of the chemotherapy
in October 2013, the patient complained of mild right
upper quadrant discomfort. At this time, laboratory
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A

B

Figure 1 Non-enhanced magnetic resonance imaging. A: Axial T2 with fat saturation (96/3000) demonstrates dilatation of the proximal right hepatic duct (red
arrow) with soft tissue noted within the lumen (yellow arrow); B: Axial T2 with fat saturation (96/3000) demonstrates three ill defined, rounded hyperintense lesions in
segments Ⅲ and ⅣB (arrows).

A

B

Figure 2 computed tomography of abdomen. A: Axial contrast enhanced (portal phase, liver window, 200/50) demonstrates three hypodense lesions. The
previously seen segment Ⅲ and ⅣB lesions have increased in size (yellow arrows) and the one medial to the falciform ligament is now apparent (red arrow); B: Axial
contrast enhanced (portal phase, liver window, 200/50) demonstrates a new liver lesion (arrow).

tests showed a total bilirubin 0.6 mg/dL, alkaline
phosphatase 86 UI/L, AST 40 UI/L, ALT 39 UI/L, and
CA19-9 161.3 UI/ml. Contrast enhanced computed
tomography (CT) demonstrated interval increased size
of the previously identified intrahepatic lesions and
an additional new liver lesion (Figure 2). A decision
of salvage surgery was made after positron emission
tomography (PET)/CT confirmed that the tumor was
confined to the liver and bile ducts. In December
2013, the patient underwent a left hepatic lobectomy
with cholecystectomy and hepaticojejunostomy.

Pathology findings

Gross examination of the 438-g partial hepatectomy
specimen revealed a 1.5 cm × 1.5 cm × 1.0 cm
papillary friable tan mass at the junction of the right
hepatic duct and common hepatic duct. The mass was
confined to the dilated bile duct. Additionally, there
were six well-circumscribed homogenous tan masses
ranging from 1.0 to 6.0 cm in the liver parenchyma.
One of these masses was immediately adjacent to the
papillary mass in the bile duct.
Microscopic examination of the biliary mass
showed a papillary mass dilating the bile duct lumen

WJG|www.wjgnet.com

and adjacent to infiltrative adenocarcinoma (Figure
3A). The papillary fronds had fine vascular cores
and were lined by foveolar-type epithelial cells
with mucinous cytoplasm and different degrees of
dysplasia (Figure 3B). Mucin production was evident
(Figure 3C). The hepatic masses showed similar
morphology with infiltrative features (Figure 3D).
There was focal necrosis and sclerosis (5%) due to
chemotherapy. Ovarian type stroma was not identified.
By immunohistochemistry, the tumor was positive for
mucin core protein (MUC)5 and negative for MUC1,
MUC2 and CDX2, which is consistent with gastric
subtype (Figure 4). The hepatic resection margins
were negative for tumor, however, the tumor was
present at less than 1 mm from the margin.
Postoperatively, the patient did well. Her CA19-9
dropped to 37.4 UI/ml one month after the surgery.
She received postoperative adjuvant chemotherapy
with FOLFOX for 3 mo followed by concurrent
chemo-radiation. However, in May, 2014, she was
found to have left periaortic and gastrohepatic
lymphadenopathy and biopsy confirmed metastatic
carcinoma, morphologically similar to the invasive
IPNB. Since then the patient has been receiving
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A

B

C

D

Figure 3 Microscopic features of the tumor. A: Intraductal papillary mass with adjacent invasive adenocarcinoma; B: The papillary mass with fine vascular cores
was lined by foveolar type epithelium; C: Some areas showed mucin production; D: The metastatic masses in the liver showed infiltrative features.

A

B

C

D

Figure 4 By immunohistochemistry, the tumor cells were negative for MUC1 (A), MUC2 (B) and CDX2 (D), and positive for MUC5 (C).
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palliative chemotherapy with FOLFIRI and has been
stable.

DISCUSSION
IPNB is a rare tumor, initially described in 1976 as
multicentric biliary papillomatosis associated with
[5]
invasive adenocarcinoma. In 2006, Zen et al reported
ten cases of papillary biliary tumors, described the
histopathologic features and classified the tumor
cells into three subtypes including pancreaticobiliary, intestinal and gastric subtype. Oncocytic type
was believed to be a variant of the pancreaticobiliary type. In this article the name of intraductal
papillary neoplasm of bile duct (IPNB) was given
for the first time to this distinct new entity which
included biliary papilloma, papillomatosis and papillary
adenocarcinoma. In 2010, IPNB was included in the
WHO classification of the bile duct tumors.
In a search of PubMed database, we collected
22 articles including case reports and clinical studies
[2,6-26]
on IPNB patients
. In total 354 patients were
reported. Most of the patients (52.8%) were from
Japan; 19.5% of these patients were from other far
eastern countries including China, Korea and Taiwan;
27.7% were from western countries including the
United Kingdom (4.0%), the United States (11.0%)
and Germany (12.7%). The age of the patients ranged
from 35 to 80 years old with an average of 64.6. Male
patients were predominant with a male/female ratio
of 1.5. Twenty patients had choledocholithiasis or
clonorchiasis and all of them were from far eastern
countries.
Similar to other bile duct tumors, most IPNB
patients present with right hypochondria (35%-88.5%),
recurrent acute cholangitis (5%-59%) and obstructive
jaundice (20%-36%). Up to 5% of the patients
[2,3]
can be asymptomatic . IPNB can be found in the
[6]
extrahepatic and intrahepatic bile ducts . Of the 354
patients we analyzed, 57.5% of the tumors were in
the left lobe, 29.5% were in the right lobe and 13.4%
were in the other locations including the common
hepatic duct.
Grossly, most IPNBs are papillary or solid intra
ductal tumors with grape-like appearance. Cystic
[6]
lesions and papillary mural nodules are common .
Histologically, there are four subtypes: pancreatobiliary, intestinal, gastric and oncocytic. An invasive
component is most often present in the pancreatobiliary and gastric subtypes. As seen in Table 1, mucin
core proteins are characteristic markers for the IPBN
subtypes. In the reported 354 patients, the average
size of the tumors were 4.2 cm. Pancreatobiliary
subtype represented 41.8%, intestinal subtype 28.0%,
oncocytic subtype 16% and gastric subtype 13.5%. An
invasive component was present in 36.4% of all cases.
The pathogenesis of IPNB is still not clear. Most of
the studies, especially the largest studies, exclusively
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enrolled Asian patients, a considerable proportion of
them with hepatolithiasis or clonorchiasis infection.
In western countries, this association has not been
[2]
[6]
identified . Schlitter et al investigated the common
molecular pathways in the development of IPNB
in 45 patients from European countries. As shown
in Table 1, while MUC1, MUC2 and MUC5AC have
been very consistent with the histologic subtype,
MUC6 and CDX2 were seen in all the subtypes with a
predominant expression of MUC6 in pancreatobiliary
subtype and CDX2 in intestinal subtype. Genetic tests
of these patients suggested a stepwise progression
from low-grade intraductal papillary dysplasia at its
beginning to invasive adenocarcinoma at its end.
Mutated KRAS, overexpression of TP53 and loss of p16
are most commonly involved in this process, whereas
loss of SMAD4 was found in late phases of tumor
development. Alterations of HER2, EGFR, β-catenin
[6]
and GNAS were rare events . To interpret these
genetic and molecular changes and to investigate
the pathogenesis of IPNB, more clinical studies are
needed.
The differential diagnosis of IPBN includes two
entities with different histomorphology and prognosis:
hepatic mucinous cystic neoplasm (HMCN) and cho
langiocarcinoma (CCA). HMCN is defined as a cystforming epithelial neoplasm with typical ovarian-type
stroma but with no communication with the bile ducts.
[7]
Zen et al studied 29 HMCNs and found that all HMCNs
were seen in female and younger patients with an age
ranging from 21 to 69 (median: 45). The masses were
larger and predominantly located in segment Ⅳ. They
showed multilocular cysts with septation or a cyst-incyst appearance. Microscopically, the single layered
epithelium was benign biliary-type with occasional
mucin-containing cells and minimal atypia. They were
negative for cytokeratin 20, MUC2, MUC5AC and
MUC6. The prognosis was excellent. All the patients
had resection and had no recurrence up to 132 mo.
Cholangiocarcinoma patients are older with a
median age of 67 and a male predominance (male:
[6]
female ratio is 3:1) . CCA arises from biliary epithelial
cells or hepatic progenitor cells and is classified
anatomically as intrahepatic CCA, perihilar CCA and
distal CCA. IPNB is the precursor lesion of dCCA.
Grossly, the tumor shows solitary, multinodular or
diffuse small nodules. Microscopically, the tumor is
moderate to well-differentiated adenocarcinoma with
glandular and tubular structures, mucin production and
dense desmoplasia. The prognosis is poor; the patients
have a median survival of 24 mo after diagnosis.
For IPNB patients without metastasis, surgical inter
vention is still the first choice of treatment including
pancreaticoduodenectomy (31%), hemihepatectomy
(28%), bile duct resection (18%), segmental liver
[6]
resection (15%) and liver transplant (5%) . When
major surgery is not indicated, palliative treatments
including chemotherapy, percutaneous transhepatic
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biliary drainage, percutaneous cholangioscopic laser
ablation and iridium-192 intraluminal therapy are
[3]
recommended . The overall survival of IPNB patients
is better than CCA patient with a median survival of
62 mo after diagnosis. The survival is related to the
percentage and depth of the invasive component,
lymphovascular invasion and cellular atypia. Sex, age,
location and the epithelial subtype are not associated to
[2]
the survival .
Despite recent advances in diagnosis, such as
improved imaging, serology, cytology and molecular
techniques including FISH, diagnosis of HMCN, IPNB
and CCA is still challenging. However, accurate distin
ction of IPBN is needed to recognize patients with
better prognosis and to further investigate the natural
history of this precursor of cholangiocarcinoma.
In summary, we are reporting an IPNB in a very
young patient, who is one of the youngest reported.
The patient is a Hispanic female and was found to
have choledocholithiasis. She underwent hepatic
lobectomy after chemotherapy. Histology of the tumor
shows foveolar appearance with MUC5AC positive
immunostain, consistent with a gastric subtype.
Postoperatively, she was found to have metastatic
carcinoma to the left periaortic and gastrohepatic
lymph nodes, morphologically similar to the invasive
IPNB. Now she is receiving palliative chemotherapy
and has been stable.

Treatment

The patient underwent a left hepatic lobectomy with cholecystectomy and
hepatojejunostomy followed by postoperative adjuvant chemotherapy with
FOLFOX for months and then concurrent chemo-radiation.

Related reports

This patient has a reported history of choledocholithiasis and underwent stone
extraction through endoscopic retrograde cholangiopancreatogram at an
outside hospital. Postoperatively, although she was receiving chemo-radiation,
she was found to have left periaortic and gastrohepatic lymphadenopathy and
biopsy confirmed metastatic carcinoma, morphologically similar to the invasive
IPNB.

Experiences and lessons

IPNB is very rare in the United States and caution is needed in order to
differentiate this entity from other bile duct tumors and hepatic tumors,
especially cholangiocarcinoma and hepatic mucinous cystic neoplasm since
they have similar morphology but different in prognosis and treatment.

Peer-review

Authors try to present a rare patient with intraductal papillary neoplasm of bile
duct which was commonly combined with hepatolithiasis in Asian countries.
After reviewing this manuscript, positive information of this article is worth to the
readers.
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At the time of presenting at our hospital, the patient’s laboratory tests
demonstrated a total bilirubin 2.0 mg/dL, direct bilirubin 1.5 mg/dL, alkaline
phosphatase 195 UI/L, AST 83 UI/L, ALT 187 UI/L, and CA19-9 37.2 UI/
ml.

Imaging diagnosis

computed tomography and magnetic resonance imaging were performed at
the time of presenting at our hospital and revealed an ill-defined soft tissue
fullness at the bifurcation of the common hepatic duct involving the left and right
hepatic ducts as well as three intrahepatic masses which were suspicious for
metastasis.

Pathological diagnosis

6

7

8

By macro- and microscopic examination the pathological diagnosis was
invasive intraductal papillary neoplasm (adenocarcinoma) of bile ducts, 3 cm,
gastric subtype, with multiple intrahepatic metastases up to 6.0 cm.
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Abstract
Human cytomegalovirus (CMV) is a herpesvirus, which
establishes lifelong latency after primary infection
and leads to severe disease in immunocompromised
patients. However, CMV infection in immunocompetent
patients is usually asymptomatic and severe organ
damage is rarely reported. We report a case of
severe CMV hepatitis in an immunocompetent patient
presenting with cholestasis, portal hypertensionrelated ascites and pancytopenia. The patient was
asymptomatic with normal liver function and negative
CMV DNA after two weeks of antiviral therapy. This
case is an example of a common infection with an
uncommon presentation, and suggests that testing
for CMV should be carried out, even in patients with
normal immune status, presenting with severe liver
damage or cholestasis.
Key words: Cytomegalovirus hepatitis; Cholestasis;
Ascites; Pancytopenia; Immunocompetent adult
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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lifelong latency after primary infection. It also leads
to severe disease in immunocompromised patients.
However, CMV infection in immunocompetent patients
is usually asymptomatic and severe organ damage is
rarely reported. Here, we report an immunocompetent
patient with a unique presentation of severe CMV
hepatitis manifested by cholestasis, ascites and
pancytopenia. The patient was asymptomatic with
normal liver function and negative CMV DNA after two
weeks of antiviral therapy. It is suggested that testing
for CMV should be carried out, even in patients with
normal immune status, presenting with severe liver
damage or cholestasis.
Qian JY, Bai XY, Feng YL, Zhu WJ, Yao F, Li JN, Yang AM,
Li F, Qian JM. Cholestasis, ascites and pancytopenia in an
immunocompetent adult with severe cytomegalovirus hepatitis.
World J Gastroenterol 2015; 21(43): 12505-12509 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i43/12505.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i43.12505

INTRODUCTION
Human cytomegalovirus (CMV), a herpesvirus, is a
double-stranded DNA virus which can establish lifelong
latency after primary infection. The infection can be
transmitted by body fluid contact, placental transfer
[1]
and transplantation . The primary CMV infection
may arise at an early age and the seroprevalence in
[2]
developed countries is reported to be 30%-70% .
In immunocompetent patients, primary and longterm immunity are induced after the initial infection,
preventing reactivation of the virus; while in immuno
compromised patients, such as transplant recipients
and patients with acquired immune deficiency
syndrome, viral replication cannot be controlled and
therefore can cause severe diseases. This explains the
significant morbidity and mortality in CMV infected
[3,4]
immunocompromised patients . CMV infection in
immunocompetent hosts is commonly asymptomatic,
or in some cases, presents as mononucleosis syndrome.
Severe organ involvement after CMV infection in
[5]
immunocompetent adults is rare . We report a
unique case of severe CMV hepatitis in an immuno
competent patient presenting with cholestasis, portal
hypertension-related ascites and pancytopenia.

CASE REPORT
A previously healthy 66-year-old female presented
with a one-month history of yellow coloration of the
eyes and skin, abdominal distension, dark colored
urine and pale stool. Fever, abdominal pain, nausea,
vomiting and diarrhea were absent. The patient denied
alcohol consumption, toxic exposure and a medication
history of glucocorticoids, immunosuppressive agents
or herbal medicine. No significant history of traveling
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and animal contact or similar cases in the community
were reported. Moderate mucocutaneous jaundice
and shifting dullness were revealed on physical
examination which was otherwise unremarkable.
Complete blood count (CBC) showed progressive
pancytopenia (hemoglobin of 113→95 g/L, platelet
9
count of 154→54 × 10 /L and white blood cell count
9
of 6.74→4.48 × 10 /L), and bone marrow biopsy
revealed infrequent hemopoietic precursors and
increased adipose tissue. Liver function tests were
abnormal with alanine aminotransferase 164 U/L
(normal value 7-40 U/L), aspartate aminotransferase
191 U/L (normal value 13-35 U/L), gamma glutamyl
transpeptidase 83 U/L (normal value 7-45 U/L),
alkaline phosphatase 420 U/L (normal value 50-135
U/L), total bilirubin 179.5 μmol/L (normal value
5.1-22.2 μmol/L) and direct bilirubin 145.6 μmol/L
(normal value 0-6.8 μmol/L). Coagulation tests
showed elevated prothrombin time and partial
thromboplastin time of 15.7 s (normal value 10.4-12.6
s) and 65.5 s (normal value 22.7-31.8 s), respectively.
Acute phase reactants and immunoglobulin A/G/M
were normal. Autoantibodies including antinuclear
antibodies, antimitochondrial antibodies, anti-smooth
muscle antibodies, anti-liver-kidney microsome-1
antibodies, and anti-liver cytosol antibody-1 indicated
that autoimmune hepatitis and primary biliary cirrhosis
were negative. Abdominal paracentesis was performed
and the results suggested portal hypertension-related
ascites which was confirmed by a serum-ascites
albumin gradient of 26 g/L. No malignant cells were
found in the ascites. Contrast-enhanced computed
tomography (CT) revealed homogeneous low density
of the liver and slight dilatation of the intrahepatic
bile ducts. No dilatation of the extrahepatic bile duct,
cirrhosis or splenomegaly was found. Positron emission
tomography (PET)/CT showed diffusely increased
fluorodeoxyglucose uptake in the liver (Figure 1).
Three-dimensional CT angiography revealed no
evidence of portal vein thrombosis. A lymphocyte
+
+
subset test showed a CD4 cell to CD8 cell ratio of
+
1.2 (normal 0.95-2.13). Activation of functional CD8
+
+
+
T cells was shown by CD8 HLA-DR /CD8 % of 60.2%
+
+
+
(normal 6.3%-23.8%) and CD8 CD38 /CD8 % of
90.2% (normal 32.4%-57.4%). Tests for hepatitis A,
hepatitis B, hepatitis C, hepatitis E, Epstein-Barr virus
and human herpes virus were negative, however,
quantitative PCR for CMV DNA showed 7800 copies/
mL (normal < 500 copies/mL). Liver biopsy was not
performed due to coagulopathy.
Following admission, the patient developed
recurrent episodes of fever (Tmax of 38.7 ℃) without
other associated symptoms. CMV hepatitis was
considered to be the most likely diagnosis in this case,
although liver biopsy could not be carried out, given
the fact that other causes of liver damage including
alcohol, drug, toxicant, tumor, and other common
causes of viral hepatitis had been reasonably excluded.
Anti-CMV treatment with intravenous ganciclovir was
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Figure 1 Findings on imaging. PET (A), transverse CT (B), PET/CT fusion image (C) and maximum intensity projection (MIP, D) image of the whole body using
fluorodeoxyglucose PET/CT (FDG PET/CT) demonstrate a large hypermetabolic deposit in the liver (standardized uptake value - SUVmax = 8.3 cm 2/mL). PET:
positron emission tomography; CT: computed tomography.
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Figure 2 Biomedical profile during hospitalization. The graph shows the changing pattern of body temperature (T), alanine aminotransferase (ALT), direct bilirubin
(DBil) and platelet count (PLT) before and after antiviral therapy.
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commenced due to progressive deterioration of her
conditions, especially pancytopenia and coagulopathy.
Her body temperature normalized within a day
indicating a positive response to the antiviral therapy,
however, the platelet count progressively decreased
9
to 22 × 10 /L. As thrombocytopenia may have been
an adverse effect of ganciclovir, intravenous foscarnet
was started instead. Jaundice, ascites, liver function
tests and CBC gradually improved (Figure 2). After
two weeks of antiviral therapy, the patient became
asymptomatic and discharged with normal liver
function and negative CMV DNA.

The authors thank Yanyan Wu, M.D. from Launceston
General Hospital, Tasmania, Australia for her kind help
in language editing.
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Case characteristics

A 66-year-old female presented with a one-month history of yellow coloration of
the eyes and skin, abdominal distension, dark colored urine and pale stool.

Clinical diagnosis

Physical examination showed moderate mucocutaneous jaundice and shifting
dullness.

DISCUSSION
Single or multi-organ disorders as complications of
CMV infection in immunocompetent hosts are rarely
reported. Of these complications, gastrointestinal
manifestations are thought to be the most common.
Other complications include hepatic, neurological,
pulmonary, ocular, and cardiovascular. Asymptomatic
elevation of transaminases is the most common
hepatic manifestation in immunocompetent patients,
while hepatic dysfunction with significant symptoms
[5]
and signs is extremely rare . In the present report,
an immunocompetent adult presenting with features
consistent with portal hypertension and pancytopenia
was found to have a significantly increased CMV DNA
level. The diagnosis of severe CMV hepatitis was
made after other possible causes were excluded,
although liver biopsy was not performed due to
coagulopathy. Fever and liver function improved with
initial ganciclovir treatment, however, a decrease in
the platelet count was observed. We considered the
worsening of thrombocytopenia to be a side effect of
ganciclovir in this case as other symptoms associated
with CMV primary infection improved. It has been
reported that cancer chemotherapy, decreased
creatinine clearance (< 20 mL/min) and high gan
ciclovir dose (≥ 12 mg/kg daily) were independent
risk factors for thrombocytopenia in CMV patients
[6]
receiving ganciclovir . Two weeks after switching from
ganciclovir to foscarnet, the patient’s liver function was
back to normal. This case is an example of a common
infection with an uncommon presentation, and sug
gests that testing for CMV is necessary in patients
presenting with severe liver damage, even if they are
immunocompetent. The decision to perform a liver
biopsy should be based on the condition of the patient,
even though it is essential to achieve a definitive
diagnosis. Antiviral therapy is beneficial in severe and
life-threatening conditions, but should be administered
after weighing the benefits and risks.
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Differential diagnosis

Virus infection [hepatitis A, hepatitis B, hepatitis C, hepatitis E, Epstein-Barr
virus, cytomegalovirus (CMV) and human herpes virus], autoimmune hepatitis,
primary biliary cirrhosis and periampullary carcinoma.

Laboratory diagnosis

Laboratory tests revealed severe liver injury, pancytopenia, coagulopathy, and
quantitative PCR showed CMV DNA of 7800 copies/mL.

Imaging diagnosis

Positron emission tomography-computed tomography showed diffusely
increased fluorodeoxyglucose uptake in the liver.

Treatment

As thrombocytopenia may be an adverse effect of ganciclovir, treatment was
switched to intravenous foscarnet.

Related reports

Single or multi-organ disorders as complications of CMV infection in
immunocompetent hosts are rarely reported.

Experiences and lessons

This case is an example of a common infection with an uncommon presentation,
and suggests that testing for CMV should be carried out, even in patients with
normal immune status who have severe liver damage or cholestasis.

Peer-review

The authors presented the common infection of CMV in an immunocompetent
patient with a unique presentation of severe cytomegalovirus hepatitis
manifested with cholestasis, ascites and pancytopenia.
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Abstract
Hepatitis C virus (HCV) is a major global health
problem with high morbidity and mortality. About
185 million people are living with HCV, of which 80%
are living in low and middle income countries. With
the development of new highly effective treatments
for HCV, it is considered that the eradication of HCV
may only be one step away. The major problem with
new treatment options is its high price. The price of
sofosbuvir-based treatment for one patient in the
United States is US$85000-110000, while the actual
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production cost of a 12 wk direct-acting antiviral
regimen is less than US$250. Another major hindrance
in HCV eradication is the lack of quality management
of blood transfusion screens. Due to the lack of HCV
screening, 75% of people in the United States with
HCV infection are unaware of their positive HCV
status. The control of massive HCV pandemic will
require a significant financial investment, political will,
and support from medical, pharmaceutical, and civil
organizations around the globe.
Key words: Hepatitis C virus; Treatment; Diagnostics;
Screening; Transfusion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: With the availability of new direct-acting
antivirals for hepatitis C virus (HCV), some people think
that eradication of HCV may be only one step away.
There are a number of issues that need to be overcome
to win the fight against HCV. Although the cost of HCV
treatment is reduced for certain countries, cost remains
a big problem for low and middle income countries for
the treatment of a large number of patients. In low
income countries, 47% of blood transfusions are from
laboratories with no quality management in place.
There is a lack of knowledge and awareness about HCV
among healthcare providers, policy makers, general
public, and at risk populations.
Waheed Y. Hepatitis C eradication: A long way to go. World J
Gastroenterol 2015; 21(43): 12510-12512 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i43/12510.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i43.12510

TO THE EDITOR
Hepatitis C virus (HCV) is a major health problem
around the globe. About 185 million people are
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living with HCV, of which 80% are living in low[1]
income and middle-income countries . One third of
chronically infected HCV patients develop cirrhosis and
hepatocellular carcinoma. It is estimated by the World
Health Organization (WHO) that the annual number
of deaths caused by HCV related liver diseases ranges
[2]
from 350000 to 500000 . Treatment with pegylated
interferon and ribavirin is the treatment of choice in
several countries. The therapy has limited response
with a number of side effects. The cost of this therapy
[3,4]
is US$ 4000 for one patient .
With the availability of new highly effective HCV
treatments, it is considered that the HCV elimination
[5]
may be only one step away . We think that the
elimination of hepatitis C is not so much easy even
with the development of new highly effective therapies,
but there are many issues to address before achieving
the global eradication of HCV.
The new generation of direct acting antiviral (DAA)
drugs has demonstrated high treatment response
with minimal adverse effects. The major problem
with new drugs is their affordability. The price of
sofosbuvir based treatment for one HCV patient in the
[6]
United States is US$85000-110000 , while the actual
production cost of a 12 wk regimen of DAA is less than
[7]
US$250 . Several European countries are negotiating
the price for new HCV drugs. The French health
minister warned that the high price of treatment will
impose high burden on the social security system. The
high treatment response of new DAA has been linked
with adherence to proper treatment regimen. In clinical
trials, sofosbuvir (Sovaldi) showed a discontinuation
rate of 2%.
Seventy two percent of the world’s poorest people
live in middle income countries, and 90% of these
patients pay for medications out of pocket. Some
countries have an insurance scheme in place, but
these do not always cover the cost of HCV diagnostics
[1]
and treatment . Middle income countries are an
attractive market for pharmaceutical companies.
Gilead has a licensing agreement with seven Indian
companies to manufacture generic HCV medicine at a
reduced price for 91 developing countries. Egypt and
Pakistan have 11 million and 10 million people living
with HCV, respectively. It will cost approximately US$5
billion, even with the reduced price of sofosbuvir, to
treat half the patients in either country. This price
does not include the expenses used for laboratory
monitoring, hospital visits, and medications to
manage adverse events. There is dire need to make
HCV treatment affordable for a large number of
HCV patients. According to the Centers for Disease
Control (CDC), one premature death is prevented
[8]
for every three virological cures . We can learn drug
affordability from the example established for the
affordable treatment of HIV. About 10 million people
receive antiretroviral therapy for HIV at a cost of $100
[9]
per person annually .
The major route of transmission of HCV is blood
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[10]

and blood products . It was reported by WHO that
47% of blood donations in low income countries
[11]
are from laboratories with no quality assurance .
Large numbers of labs are using rapid tests and third
generation enzyme immunoassays (EIA) for HCV
detection. The window period for HCV detection by
third generation EIA test is 66 d compared with 4 d for
HCV detection by nucleic acid amplification technology
[12]
(NAT) . CDC recommends the use of highly sensitive
EIA or rapid test for HCV screening and use of another
[13]
assay to confirm further positive results . Efforts are
needed to establish cost effective NAT laboratories for
effective HCV diagnosis.
People with HCV infection remain asymptomatic for
long periods during which infection may be transmitted
to other persons. Seventy five percent of people in
the United States with HCV infection are unaware of
[14]
their infection . There is a need for HCV screening
programs for both general and at risk populations,
including intravenous drug users (IDUs), people with
a history of using blood products or unsafe injections,
those with piercings and tattoos, prisoners, and
homeless people. There is also a need to provide
proper prevention, diagnosis, and treatment facilities
to the detained population.
In a multinational study to forecast the prevalence
of HCV by 2030, it was observed that HCV associated
morbidity and mortality can be greatly reduced by
increasing diagnosis and the number of individuals
[15]
getting higher efficacy treatment .
Lack of knowledge and awareness about HCV
are observed among healthcare providers, policy
makers, the general public, and at risk populations.
Forty percent of global HCV infections are due to
unsafe injections and improperly sterilized medical
[16]
equipment . Health care providers need education
and training to reduce the risk of disease transmission
by malpractice. It was observed in a recent study that
only 5.5% of HCV positive IDUs of India were aware
of their status and only 1.4% of HCV positive IDUs
[17]
had received treatment for HCV . Massive awareness
programs are needed to decrease the future burden of
HCV on society.
There is insufficient understanding about the
seriousness of this public health problem, so
inadequate public resources are allocated for the
prevention and control of HCV. There is a need to
develop a global strategy for HCV eradication. More
than 10 million people are on their feet due to the
global polio eradication initiative, and the global
[18]
incidence of polio has been reduced by 99% . The
control of massive HCV pandemic requires financial
investment, political will, and support from medical,
pharmaceutical, and civil organizations around the
globe.
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Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

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

III

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

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki

September 10, 2015

Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari

WJG|www.wjgnet.com

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York

September 10, 2015

Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh

WJG|www.wjgnet.com

Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

IX

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Sam Zakhari, Bethesda
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

September 10, 2015

S

Contents

Weekly Volume 21 Number 44 November 28, 2015

EDITORIAL
12513 Diagnosis and therapies for gastric non-invasive neoplasia
Kato M

FRONTIER
12519 Update on pathogenesis and predictors of response of therapeutic strategies used in inflammatory bowel
disease
Quetglas EG, Mujagic Z, Wigge S, Keszthelyi D, Wachten S, Masclee A, Reinisch W

REVIEW
12544 Hepatic applications of endoscopic ultrasound: Current status and future directions
Srinivasan I, Tang SJ, Vilmann AS, Menachery J, Vilmann P

12558 Hepatitis B virus therapy: What’s the future holding for us?
Manzoor S, Saalim M, Imran M, Resham S, Ashraf J

ORIGINAL ARTICLE
Basic Study
12576 Mucosal healing effect of nilotinib in indomethacin-induced enterocolitis: A rat model
Dervis Hakim G, Soyturk M, Unlu M, Ataca P, Karaman M, Sagol O, Borekci E, Yilmaz O

12586 Hepatitis B virus infection and genotype in asymptomatic people from 10 ethnic groups in Yunnan, China
Shen YY, Hou W, Yang ZQ, Xiao W

12593 Potential effect of chronic Helicobacter pylori infection on glucose metabolism of Mongolian gerbils
Yang Z, Li W, He C, Xie C, Zhu Y, Lu NH

Case Control Study
12605 Studied microRNA gene expression in human hepatocellular carcinoma by microRNA microarray
techniques
Niu JX, Meng XK, Ren JJ

Retrospective Cohort Study
12612 Laparoscopic gastric bypass vs sleeve gastrectomy in obese Korean patients
Park JY, Kim YJ

WJG|www.wjgnet.com



November 28, 2015|Volume 21|Issue 44|

World Journal of Gastroenterology

Contents

Volume 21 Number 44 November 28, 2015

12620 Perihepatic nodes detected by point-of-care ultrasound in acute hepatitis and acute-on-chronic liver
disease
Feng IC, Wang SJ, Sheu MJ, Koay LB, Lin CY, Ho CH, Sun CS, Kuo HT

Retrospective Study
12628 Peripheral portal vein-oriented non-dilated bile duct puncture for percutaneous transhepatic biliary
drainage
Shimizu H, Kato A, Takayashiki T, Kuboki S, Ohtsuka M, Yoshitomi H, Furukawa K, Miyazaki M

12635 Management and associated factors of delayed perforation after gastric endoscopic submucosal dissection
Suzuki H, Oda I, Sekiguchi M, Abe S, Nonaka S, Yoshinaga S, Nakajima T, Saito Y

12644 Single center experience in selecting the laparoscopic Frey procedure for chronic pancreatitis
Tan CL, Zhang H, Li KZ

12653 Xanthogranulomatous cholecystitis mimicking gallbladder carcinoma: An analysis of 42 cases
Deng YL, Cheng NS, Zhang SJ, Ma WJ, Shrestha A, Li FY, Xu FL, Zhao LS

Observational Study
12660 Capsule enteroscopy is useful for the therapeutic management of Crohn’s disease
Santos-Antunes J, Cardoso H, Lopes S, Marques M, Nunes ACR, Macedo G

Prospective Study
12667 Evaluation of a multiplex PCR assay for detection of cytomegalovirus in stool samples from patients with
ulcerative colitis
Nahar S, Iraha A, Hokama A, Uehara A, Parrott G, Ohira T, Kaida M, Kinjo T, Kinjo T, Hirata T, Kinjo N, Fujita J

12676 Gastric cancer risk in relation to tobacco use and alcohol drinking in Kerala, India - Karunagappally cohort
study
Jayalekshmi PA, Hassani S, Nandakumar A, Koriyama C, Sebastian P, Akiba S

SYSTEMATIC REVIEWS
12686 Transanal total mesorectal excision: Towards standardization of technique
Wolthuis AM, Bislenghi G, de Buck van Overstraeten A, D’Hoore A

12696 Probe based confocal laser endomicroscopy of the pancreatobiliary system
Almadi MA, Neumann H

WJG|www.wjgnet.com

II

November 28, 2015|Volume 21|Issue 44|

World Journal of Gastroenterology

Contents

Volume 21 Number 44 November 28, 2015

CASE REPORT
12709 Perforated duodenal ulcer: An unusual manifestation of allergic eosinophilic gastroenteritis
Riggle KM, Wahbeh G, Williams EM, Riehle KJ

12713 Characteristic clinical features of Aspergillus appendicitis: Case report and literature review
Gjeorgjievski M, Amin MB, Cappell MS

12722 Successful resection of metachronous para-aortic, Virchow lymph node and liver metastatic recurrence of
rectal cancer
Takeshita N, Fukunaga T, Kimura M, Sugamoto Y, Tasaki K, Hoshino I, Ota T, Maruyama T, Tamachi T, Hosokawa T, Asai Y,
Matsubara H

12729 Management of early hepatic artery occlusion after liver transplantation with failed rescue
Hsiao CY, Ho CM, Wu YM, Ho MC, Hu RH, Lee PH

WJG|www.wjgnet.com

III

November 28, 2015|Volume 21|Issue 44|

World Journal of Gastroenterology

Contents

Volume 21 Number 44 November 28, 2015

ABOUT COVER

Editorial board member of World Journal of Gastroenterology , Lucian Negreanu,
MD, PhD, Assistant Pharmacist, Assistant Professor, Doctor, Head, Internal
Medicine II Department, Internal Medicine II Gastroenterology, University Hospital
Bucharest, Bucharest 050098, Romania

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1377 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of
Open Access Journals. According to the 2014 Journal Citation Reports® released by Thomson
Reuters (ISI), the 2014 impact factor for WJG is 2.369, ranking 41 among 76 journals in gastroenterology and hepatology, quartile in category Q2.

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Dan-Ni Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden
Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Ze-Mao Gong
Proofing Editorial Office Director: Jin-Lei Wang

Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

IV

PUBLICATION DATE
November 28, 2015
COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

November 28, 2015|Volume 21|Issue 44|

World J Gastroenterol 2015 November 28; 21(44): 12513-12518
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i44.12513

© 2015 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Diagnosis and therapies for gastric non-invasive neoplasia
Motohiko Kato
Motohiko Kato, Department of Gastroenterology, National
Hospital Organization Tokyo Medical Center, Tokyo 152-8902,
Japan
Author contributions: Kato M solely contributed to this paper.
Conflict-of-interest statement: the author has no conflict of
interest related to the manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Motohiko Kato, MD, PhD, Department of
Gastroenterology, National Hospital Organization Tokyo Medical
Center, 2-5-1 Higashigaoka, Meguro-ku, Tokyo 152-8902,
Japan. moto2hiko@icloud.com
Telephone: +81-3-34110111
Fax: +81-3-34129811
Received: April 28, 2015
Peer-review started: May 7, 2015
First decision: July 13, 2015
Revised: July 23, 2015
Accepted: September 28, 2015
Article in press: September 30, 2015
Published online: November 28, 2015

Abstract
There has been a great discrepancy of pathological
diagnosis for gastric non-invasive neoplasia/dysplasia
between Japanese and western pathologists. In Japan,
lesions that most western pathologists diagnose as
dysplasia are often considered adenocarcinoma based
on nuclear and structural atypia regardless of the
presence of invasion. In the Vienna classification,
gastric non-invasive intraepithelial neoplasia (NIN) were
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divided into low grade and high grade (including intramucosal cancer of Japanese criteria). The diagnosis
by both endoscopy and pathology of biopsy specimen
is difficult. Recent advances of diagnostic modality
such as magnified endoscopy and imaged enhanced
endoscopy is expected to improve the diagnostic yield
for NIN. There are two treatment strategies for NIN,
observation and diagnostic therapy by endoscopic
resection (ER). ER is acceptable because of its less
invasiveness and high local control rate, on the other
hand, cancer-developing rate of low-grade NIN is
reported to be low. Therefore there is controversy for
the treatment of gastric NIN. Prospective study based
on unified pathological definition is required in the
future.
Key words: Gastric; Non invasive intraepithelial neoplasia;
Gastric; Adenoma; Adenocarcinoma; Diagnosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The discrepancy of pathological diagnosis
for gastric non-invasive neoplasia/dysplasia between
Japanese and western pathologists was solved by
Vienna classification. Although recent advances of
diagnostic modality such as magnified endoscopy and
imaged enhanced endoscopy is expected to improve
the diagnostic yield for non-invasive intraepithelial
neoplasia (NIN), precise prediction of histology is
not easy by the findings of conventional white light
endoscopy and pathologic findings of forceps biopsy.
There is still a controversy regarding the treatment of
NIN, observation and diagnostic therapy by endoscopic
resection. Prospective study based on unified patho
logical definition is required in the future.
Kato M. Diagnosis and therapies for gastric non-invasive
neoplasia. World J Gastroenterol 2015; 21(44): 12513-12518
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i44/12513.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i44.12513
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INTRODUCTION
Gastric cancer is one of the most common neoplasms
worldwide, accounting for over 870000 new cases and
[1]
more than 650000 deaths annually . Early gastric
cancer (EGC), which is defined as cancer of which the
invasion depth remains mucosa or submucosa is known
[2]
to have a good prognosis and endoscopic resection
(ER) is widely accepted as a local treatment for these
[3-7]
lesions . There is a benign non-invasive intraepithelial
neoplasia (NIN), also called as gastric adenoma or
dysplasia. On the contrary to colorectal adenoma,
“adenoma-carcinoma sequence” in the stomach has
not been proven, NIN is generally considered to be a
[8-10]
premalignant lesion
.
The diagnosis of NIN according to both endoscopic
and histopathological findings is not always easy.
Moreover there are some controversies concerning
[11]
how to treat NIN . In this editorial, we discuss clinical
problems concerning diagnosis and treating NIN.

CHANGES IN CLASSIFICATION FOR
GASTRIC INTRAEPITHELIAL NEOPLASIA
Vienna classification

It is known that there is a considerable difference in
pathological diagnosis of gastric epithelial neoplasia by
between western and Japanese pathologists. Western
pathologists have used “dysplasia” for unequivocal
neoplastic epithelium. Dysplasia was divided into
high- and low-grade based on structural atypia and
they seldom diagnosed as “adenocarcinoma” unless
[12-14]
invasion was confirmed
. In Japan, lesions that
most western pathologists diagnose as dysplasia are
often considered adenocarcinoma based on nuclear
and structural atypia regardless of the presence of
invasion (table 1).
To resolve some confusions caused by these
diagnostic discrepancies between western and
Japanese pathologists, in September 1998 appro
ximately 30 pathologists from 12 countries met in
Vienna and made a consensus on the terminology
for gastrointestinal epithelial neoplasia, named the
[11]
Vienna classification . In this classification, gastric
non-invasive neoplasia/dysplasia was divided into
low grade (category 3) and high-grade (category 4).
Category 4 includes high-grade adenoma/dysplasia”,
“non-invasive carcinoma (carcinoma in situ)” and
“suspected invasive carcinoma” were clustered into
a single category (category 4), termed “noninvasive
high-grade neoplasia”. In the Vienna classification
[15]
revised in 2000 , intra-mucosal carcinoma was added
into category 4. The agreement on the diagnosis for
category 4 among Japanese and western pathologists
[16]
improved to 80% for gastric lesions .
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Table 1 Vienna classification and Japanese classification of
gastric cancer for diagnosis of gastric intraepithelial neoplasia
Vienna classification
Category 3
Category 4.1
Category 4.2
Category 4.3
Category 5.1
Category 5.2

Japanese

Western

Low grade adenoma/
Adenoma
Adenoma
dysplasia (LGA)
High grade adenoma/ Adenoma/
Adenoma
dysplasia (HGA)
cancer
Non-invasive carcinoma
Cancer
Adenoma/cancer
(carcinoma in situ)
Suspicion of invasive
Cancer
Adenoma/cancer
carcinoma
Intramucosal carcinoma
Cancer
Adenoma/cancer
Submucosal carcinoma
Cancer
Cancer
or beyond

Difficulties of pathological diagnosis of specimen
obtained by endoscopic forceps biopsy

Although pathological diagnosis established by
endoscopic biopsy specimen is the gold standard
for gastric epithelial neoplasia, discrepancy between
final diagnoses established by endoscopically or
surgically resected specimen would sometimes occur.
The frequency of the discrepant diagnoses ranges
widely in published reports. Recently we report that
the diagnosis was changed in 44% of patients who
were diagnosed as NIN proven by biopsy (95%CI:
39%-49%). Moreover, in that study, there were 2
lesions (0.42%) of adenocarcinoma with submucosal
invasion of more than 500 μm, one of which involved
[17]
the lymphatic duct . The reasons for the difficulty
in making an accurate diagnosis based on a biopsy
specimen are as follows: (1) the structural atypia of
both adenoma and well-differentiated adenocarcinoma
is too subtle to detect in small biopsy specimens;
and (2) cancer sometimes exists focally in the lesion
and a sampling error might occur (Figure 1). Thus,
pathologist might change the diagnosis from adenoma
to carcinoma when they determine larger specimen.

ENDOSCOPIC DIAGNOSIS OF GASTRIC
INTRAEPITHELIAL NEOPLASIA
Conventional white light endoscopy

Endoscopy has an advantage on the diagnosis of NIN
because it is possible to assess the lesion as a whole.
Some endoscopic findings have been reported to
predict high-risk lesions for malignancy, lesion size,
macroscopic type, color of the lesion, and surface
pattern (Figure 2). Typical gastric low grade NIN
reveals to have slightly elevated (Paris classification
[18]
type 0-Ⅱa ) and whitish color with smooth surface.
On the contrary, depressed macroscopic type, red
dishness, and nodular surface are reported to reflect
malignant histology. These endoscopic findings are
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A

B

Figure 1 Pathological features of non-invasive neoplasia. a: If the structural atypia was weak, pathological diagnosis is difficult by small specimen obtained by
endoscopic forceps biopsy; b: If cancer foci exist focally, sampling error may occur by endoscopic forceps biopsy.

A

B

C

Figure 2 Endoscopic findings of non-invasive neoplasia. a: Macroscopic type:elevated (left), and depressed (right); b: Color:reddish (left), and discolored (right);
c: Surface pattern: smooth (left) and nodular (right). List of abbreviations: ER: Endoscopic resection; QOL: Quality of life; EMR: Endoscopic mucosal resection; ESD:
Endoscopic submucosal dissection.
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of gastric epithelial neoplasia.
Recently novel diagnostic modalities, image en
hanced endoscopy (IEE), are widely used. Narrow
band imaging is a kind of IEE of which the usefulness
have been reported for differential diagnosis or
estimation of invasion depth for epithelial neoplasia
[24-26]
[27]
arising from gastrointestinal tract
. Yao et al
reported that finding a white opaque substance on
magnified endoscope with NBI could predict the final
pathology of gastric NIN with a sensitivity of 94% and
[28]
a specificity of 96%. Kanesaka et al
focused on
crypt opening on magnified endoscopy with NBI and
dense crypt opening pattern could predict malignant
histology with a sensitivity of 90% and specificity of
87.8%.
Although the diagnostic yields of magnified endo
scopy especially combined with IEE were excellent
and seemed to be superior to conventional white light
imaging (table 2), most of the reports are singlecentered retrospective study from high volume center,
therefore expert bias is not negligible and the results
should be confirmed by future prospective study
(ideally randomized trial) to generalize the results.

Table 2 Diagnosis yields for gastric non-invasive intra
epithelial neoplasia of various endoscopic modality
Ref.

Modality

Cho et al[21], 2011
Kato et al[17], 2011
Kanesaka et al[28], 2014
Miwa et al[22], 2012
Yao et al[27], 2008
Wang et al[29], 2012
Li et al[30], 2011

WLE
WLE
NBI-ME
NBI-ME
NBI-ME
CLE
CLE

Sensitivity Specificity
7.5%
42.0%
90.0%
82.4%
94.0%
66.7%
88.1%

99.4%
59.0%
87.8%
97.3%
96.0%
92.3%
98.6%

Accuracy
68.2%
56.0%
88.2%
NA
98.7%
86.8%
96.2%

WLE: White light endoscopy; CLE: Confocal laser endomicroscopy.

Table 3 Long-term follow-up outcomes of gastric noninvasive intraepithelial neoplasia
Ref.

Incrusion
criteria

Suzuki et al[31], 2015

Vienna C3
and C4
Vienna C3
Vienna C4
Adenoma
Mild
dysplasia

Yamada et al[32], 2004
Saito et al[33], 2000
Kokkola et al[34], 1996

Duration Regression Accuracy

Bearzi et al[35], 1994
Fertitta et al[36], 1993

LGD
Moderate
and severe
dysplasia
Di Gregorio et al[37], 1993
Mild
dysplasia
Saraga et al[38], 1987
Mild and
moderate
dysplasia
Severe
dysplasia

NA

26.0%

0.0%

4.7Y
4.7Y
2Y
NA

0.0%
0.0%
NA
NA

NA
13M

49.4%
NA

2.7%
10.0%
6.3%
0.0%
(4% to
moderate)
32.1%
33.0%

NA

74.0%

7.0%

42M

NA

1.6%

42M

NA

86.0%

Other modalities

There are a few reports concerning the diagnostic
capability of confocal laser endomicroscopy (CLE)
for identification of gastric superficial cancer/HGIN
[29,30]
lesions
. Although these studies included only
relatively small sample size of gastric NIN, the diag
nostic yield of CLE is good and it might improve pre
operative diagnosis (table 2).

TREETMENT FOR GASTRIC NIN

NA: Not available.

useful because of convenience, however they are not
satisfactory because the negative predictive value is
not so high. We analysed the association between
[19-22]
endoscopic findings
and final pathological findings
in 468 NIN cases and lesion diameter larger than 20
mm and depressed macroscopic type were significantly
more frequently seen cases who were diagnosed
as adenocarcinoma after ER. However, the lesions
were diagnosed as NIN based on smaller lesion size
and elevated macroscopic type, the under-diagnosis
[17]
rate was over 30% . Therefore only conventional
endoscopic diagnosis is not sufficient to make a precise
pre- operative diagnosis.

Magnified endoscopy

Magnified endoscopy is reported to be useful for
differentiation of gastric NIN. Tanaka analysed the
diagnostic yield of magnified endoscopy with acetic
acid spraying and they reported the diagnostic
[23]
accuracy was over 95%. Moreover, Ohnita et al
reported the findings of magnified endoscopy with
crystal violet dye correlates with the histological types
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There are two treatment strategies for gastric NIN,
observation and aggressive endoscopic treatment as a
diagnostic therapy.

Observation (including Helicobacter pylori eradication)

According to the studies focused on the long-term
follow up outcomes for gastric NIN, the incidence of
[31-38]
progression of histology widely ranged 0% to 86%
(table 3). Histological grade is considered to caused
this difference, in low grade NIN (Vienna category
3) the incidence rate of histological progression to
high grade NIN or carcinoma remained less than
[31,32]
10%
, moreover, some cases spontaneously
[31,35,37]
regress during follow-up
. It is also reported
that eradication therapy of Helicobacter pylori might
[33]
reduce gastric cancer development
or it might
accomplish regression of NIN from comparatively small
[31,39]
studies
. These facts suggest that the malignant
potential of low grade NIN is low and observation
would be acceptable, whereas high grade NIN should
be resected.

Endoscopic resection

The other strategy is diagnostic therapy. As mentioned
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above, it is difficult to make an accurate pathological
diagnosis with small biopsy specimens, ER might be
used for the purpose of “total biopsy”. It is reported
that pathological diagnosis changes in 10% to 50%
[17,40-42]
of the patients after ER
. ER is a less invasive
treatment, however, complications such as perforation
or bleeding sometimes occurs. In our comparatively
large-scale retrospective study in which 468 NIN cases
underwent ESD, R0 resection was accomplished in
97% of the patients and ESD-related bleeding and
perforation rate was 5.4% and 4.7%. Most of the
complications were managed conservatively and
serious complication rate was 0.43%. These outcomes
seem to be acceptable considering the high under[17]
diagnosis rate of forceps biopsy . The advantage
of ER is to release the patients from physiological,
psychological, and financial strains caused by repeated
endoscopic examination with biopsies.

CONCLUSION
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Abstract
The search for biomarkers that characterize specific
aspects of inflammatory bowel disease (IBD), has
received substantial interest in the past years and
is moving forward rapidly with the help of modern
technologies. Nevertheless, there is a direct demand
to identify adequate biomarkers for predicting
and evaluating therapeutic response to different
therapies. In this subset, pharmacogenetics deserves
more attention as part of the endeavor to provide
personalized medicine. The ultimate goal in this area
is the adjustment of medication for a patient’s specific
genetic background and thereby to improve drug
efficacy and safety rates. The aim of the following
review is to utilize the latest knowledge on immuno
pathogenesis of IBD and update the findings on the
field of Immunology and Genetics, to evaluate the
response to the different therapies. In the present
article, more than 400 publications were reviewed but
finally 287 included based on design, reproducibility (or
expectancy to be reproducible and translationable into
humans) or already measured in humans. A few tests
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have shown clinical applicability. Other, i.e. , genetic
associations for the different therapies in IBD have not
yet shown consistent or robust results. In the close
future it is anticipated that this, cellular and genetic
material, as well as the determination of biomarkers will
be implemented in an integrated molecular diagnostic
and prognostic approach to manage IBD patients.
Key words: Mucosal immunology; Biomarkers; Pharmacology;
Mode of action; Therapeutic drug monitoring
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The following article is an update on the latest
findings on the pathogenesis of inflammatory bowel
disease (IBD) and its correlation with genetic and
non-genetic predictors of the efficacy of the different
strategies of treatment. Although many therapies
have been used for decades, this is a completely new
approach that has become even more complicated
with new therapies like biologics. While most of these
strategies are still in a very early stage, and have not
been validated in clinical practice, they have begun
suggesting the direction in which physicians should
start looking to establish the most adequate therapeutic
strategy for each individual patient.
Quetglas EG, Mujagic Z, Wigge S, Keszthelyi D, Wachten S,
Masclee A, Reinisch W. Update on pathogenesis and predictors
of response of therapeutic strategies used in inflammatory bowel
disease. World J Gastroenterol 2015; 21(44): 12519-12543
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i44/12519.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i44.12519

INTRODUCTION
The search for biomarkers that characterize specific
aspects of inflammatory bowel disease (IBD), has
received substantial interest in the past years and
is moving forward rapidly with the help of modern
technologies. Currently, biomarkers are more pro
gressively used in routine clinical care of patients with
IBD. Most biomarkers used are not disease specific,
but in general reflect inflammation. The last decade
has brought significant gains in insight to IBD genetics
and pathogenesis. These insights have the potential
to improve the utility of biomarkers currently in use
in clinical practice or are under investigation in clinical
[1]
trials .
Although some reviews have been recently published
[1]
on biomarkers , the most lacking topic is possibly
is to identify adequate biomarkers for predicting and
evaluating therapeutic response to different therapies
which is less developed. With the progress in genetics
research in IBD, genetic markers are increasingly
being proposed to improve stratification of patients.
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Nevertheless, none of the genetic variants associated
with particular outcomes have shown sufficient
sensitivity or specificity to be implemented in daily
management, maybe with the exception on those
related to thiopurine metabolism.
Along a same line of thinking, pharmacogenetics,
the study of association between variability in drug
response and genetic variation, has also received more
attention as part of the endeavor for personalized
medicine. The ultimate goal in this area of medicine
is the adaptation of medication for a patient’s specific
genetic background and therefore to improve drug
efficacy and safety.
The aim of the following review is to utilize the
latest knowledge on immunopathogenesis of IBD and
update the findings in the field of Immunology and
Genetics, to evaluate the response to the different
therapies with the intent to predict the outcome within
the diverse therapeutic strategies.

IMMUNOPATHOGENESIS OF IBD
The exact cause of IBD is still unknown, but is thought
to be due to a combination of a patient’s microbiome,
immune response, and the environment that result in
an excessive and abnormal immune response against
commensal flora in genetically susceptible individuals
(Figure 1).
Epithelial cells are able to identify bacterial
components via extracellular receptors like toll-like
receptors (TLRs) on the cell surface or intracellular
NOD-like receptors in the cytoplasm - NOD2 (nucleotidebinding oligomerization domain containing 2)/CARD15
(caspase-activating recruitment domain 15 receptor).
NOD2 receptor, recognizes the muramyl dipeptide
(MDP), the minimal bioactive peptidoglycan motif
[2]
common to all bacteria . MDP stimulation induces
autophagy which controls bacterial replication and
antigen presentation, and modulates both innate
[3-5]
and adaptive immune responses
. Autophagy is
involved in intracellular homeostasis, contributing to
the degradation and recycling of cytosolic contents and
organelles, as well as to the resistance against infection
[6-8]
and removal of intracellular microbes . In the innate
immune arm, the association of IBD [specifically,
Crohn’s disease (CD)] with NOD2 mutations and
the two-autophagy-related genes ATG16L1 and
IRGM suggests that alterations in the recognition
and intracellular processing of bacterial components
may have a role in the immunopathogenesis of the
[9-11]
disease
. The unfolded protein response has been
identified as a critical pathway in the maintenance of
[12]
cellular homeostasis .

Barriers of protection

Upon penetration of luminal contents into underlying
tissues due to leakage in the mucosal barrier, impaired
clearance of foreign material from the lumen leads
to a compensatory acquired immune response that
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Figure 1 Inﬂammatory and regulatory pathways involved in inflammatory bowel disease pathogenesis. Crohn’s disease (CD) is characterized by the
generation of Th1- and Th17 T cell responses driven by the production of interleukin (IL)-12, IL-18, IL-23, IL-6 and tumor necrosis factor (TNF)-α by dendritic cells
and macrophages. Th1-cells secrete IL-2, IL-17, interferon (IFN)-γ, and TNF-α. Ulcerative colitis (UC) is characterized by a Th2- T cell, and NKT response mediated
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Inappropriate triggering and maintenance of these pathogenic responses has been associated with innate immunity defects, e.g., lack of efﬁcient control by antiinﬂammatory cytokines such as IL-10 and transforming growth factor (TGF)-β. In the bottom of the figure, intracellular markers of activation are represented. Ab:
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can result in a chronic inflammatory state. Recently,
a immunoregulatory dysfunction of hyperglycosylated
mucin (MUC2) has been related to aggravation of IBD.
Mucus does not seem to merely form a nonspecific
physical barrier, but also constrains the immunogenicity
[13]
of gut antigens by delivering tolerogenic signals .
Dendritic cells, as a part of the innate immune
response, present antigens to naïve CD4+ helper T-cells
and ensure tolerance to commensal flora by promoting
their differentiation into regulatory T-cells. In response
to over-activation of dendritic cells, there is a production
of pro-inflammatory cytokines and a promotion of the
differentiation of effector T-cells Th1, Th2 and Th17
(CD4+); moreover, over-activation induces a strong
differentiation of CD8+ lymphocytes and other effector
cells such as natural killer (NK) and NK T-cells while
[14]
abolishing the production of regulatory cells .

Innate and adaptive immunity

Th1 cells, whose differentiation is induced by IL-12,
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produce a high amount of IFN-γ, TNF-α and IL-12,
[15]
whereas Th2 cells release IL-4, IL-5 and IL-13 .
An abnormal Th1 immune response is thought to
[16]
predominate the intestinal inflammation in CD .
It has also been observed that in Ulcerative Colitis
(UC), atypical NKT cells release higher amounts of
the Th2 cytokine IL-13 than T cells from controls or
[17,18]
CD patients
. However, recent data suggest that
the CD-Th1 and UC-Th2 paradigms are not so straight
[19,20]
forward
.
The differentiation into Th17 cells, a subset of
helper T-cells, is induced by IL-6 and TGF-β, acting in
concert, and their expansion is promoted by IL-23.
There is a delicate balance between Th17 and Treg.
[21]
The absence of IL-6 drives Treg differentiation .
Mature Th17 cells are characterized by the secretion
of copious amounts of IL-17A, IL-17F, IL-21, and
[22-24]
. The involvement of Th17 cells and, in
IL-22
particular, their signature cytokine IL-17A in intestinal
[25,26]
inflammation has been extensively studied
. Only

12521

November 28, 2015|Volume 21|Issue 44|

Quetglas EG et al . Update on IBS
when the Th17 cells are exposed to IL-23 they cease
IL-10 production and attain their full pathogenic
[27]
function .
TGF-β is produced by Treg cells and suppresses
[28]
T-cell-mediated colitis in animal models . TGF-β
effects in IBD T cells are inhibited by the protein
Smad7 and Smad7 is markedly overexpressed in IBD
[29]
patients . Inhibition of Smad7 via antisense DNA
restored TGF-β sensitivity in IBD T cells has shown
to be effective in murine models of experimental
[30,31]
colitis
. Active IBD is dependent on the recruitment
of mononuclear cells and leukocyte populations from
the blood stream into the bowel wall. Recruitment is
dependent on a series of steps known as rolling, tight
binding/adhesion to endothelial cells, diapedesis, and
migration of immune cells. This process is coordinated
by selective adhesion molecules on the surface of
immune cells and mucosal addressins on endothelial
[32]
cells . Selective adhesion molecules include cellsurface integrins that form heterodimers by various
combinations of α- and β subunits. For gut homing of
leukocytes, the interaction between α4/β7-integrins
on T cells and the mucosal vascular addressing cell
adhesion molecule 1 (MAdCAM-1) addressing on
endothelial cells appears to be of crucial relevance.
Recent developments have classified NK cells as a
subset of a new family of hematopoietic effector cells
called innate lymphoid cells (ILCs). ILCs derive from an
Id2 (inhibitors of DNA binding) expressing progenitor
and the key cytokines secreted by ILCs tend to mirror
those secreted by the T-helper cells of the adaptive
immune system. Recent data has implicated ILCs, in
particular group 3 ILCs in the development of IBD (ILCs
IL-23 dependent with retinoid-related orphan receptor
were found to be increased in the lamina propria of CD
[33]
patients .
Based on this very recent knowledge, several of
these molecules have been investigated as possible
biomarkers/indicators of the immune response to
therapies, however the results in sensitivity and
specificity were moderate and validation was difficult.
[34]
Here starts a review on the most promising ones .

PHARMACOTHERAPEUTIC OPTIONS
Besides nutritional and hygienic measures (smoking
cessation), and the use of antibiotics to control
symptoms there are several categories of medications
used in the treatment of IBD: aminosalicylates
(mesalazine), which are effective in treating mildto-moderate episodes of UC and CD, as well as
[35-37]
preventing relapses and maintaining remission
,
corticosteroids, recommended only for short-term
[38-40]
use in order to achieve remission
, thiopurines
[azathioprine (AZA), mercaptopurine (MP)], effective
at maintaining of clinical remission in steroid
[41-43]
dependent IBD
, methotrexate (MTX), positioned
as an alternative immunosuppressive agent in
patients with CD resistant or intolerant to AZA or
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[44-48]

MP
, calcineurin inhibitors [cyclosporine (CsA),
tacrolimus (Tac)], effective in the management of
[49-51]
steroid refractory UC
; and, finally, the biologic
therapies (adalimumab, certolizumab pegol, infliximab,
golimumab, ustekinumab and vedolizumab) that
interfere with the body's inflammatory response in IBD
by targeting specific molecular players in the process
[52-54]
such as cytokines and adhesion molecules
.

Mesalazine

Mechanism of action: Mesalazine [(5-aminosalicylic
acid (5-ASA)], also in the form of the pro-drug
sulfasalazine, has been used for the treatment of
UC for decades. It appears to act locally on colonic
mucosa and reduces inflammation through a variety
of anti-inflammatory processes (Figure 2). The current
hypothesis is that 5-ASA activates a synthetic class
of nuclear receptor. The anti-inflammatory actions
of 5-ASA produce effects similar to activation of the
γ-form peroxisome proliferator-activated receptors
(PPAR-γ). PPAR-γ is a key receptor that mediates the
effect of 5-ASA therapy in IBD by trans-repressing
several key target genes such as nuclear factor B,
signal transducers and activators of transcription:
modulation of inflammatory cytokine production,
modulation of RelA/p65 dephosphorylation, leading
to decreased transcriptional activity of nuclear factor
(NF)-κB, and reduced synthesis of prostaglandins and
[55]
leukotrienes . Activation of PPAR-γ also has antitumorigenic effects. PPAR-γ has a role in the regulation
of intestinal inflammation and is highly expressed in
the colon, where epithelial cells and macrophages are
[56]
the main cellular sources of this nuclear receptor .
However, additional levels of activity at which the
mechanism of action of mesalazine becomes apparent
have been described. These include the inhibition of
mediators of lipoxygenase and cyclooxygenase, IL-1,
IL-2 and TNF-α. 5-ASA has also been recognized as a
[55,57-61]
potent antioxidant and free-radical scavenger
.
Measuring response to aminosalicylates in IBD:
Heat shock proteins (Hsps) are a family of molecules
that are typically involved in folding, refolding,
translocation and degradation of intracellular proteins
[55,62]
under normal and stress conditions
. Hsps can
stimulate innate and adaptive immune responses and
can also, by virtue of the sequence similarity between
bacterial and human orthologs, become primary
targets of autoimmunity due to a phenomenon known
[63]
as molecular mimicry . Thus, Hsps have been
implicated in the pathogenesis of a number of chronic
inflammatory and autoimmune diseases. Hsp60
and Hsp10 (Hsp60 co-chaperonin) are increased in
the affected intestinal mucosa from patients with
[64]
CD or UC . Hsp60 and Hsp10 are increased in the
cytoplasm of epithelial cells in CD and UC and also colocalised to epithelial cells of mucosal glands but not
always in connective tissue cells of lamina propria,
[65]
where only Hsp60 or, less often, Hsp10 is found .
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5-ASA

binding affinity and abnormalities of glucocorticoid
receptor activator protein (GR-AP)-1 interaction and
increased expression of GRβ (a truncated splice variant
of the normal isoform GRα that does not bind to
[71]
glucocorticoid ligands) are observed .

Luminal antigens

X
mRNA
TNF
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Macrophage
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Figure 2 Mesalazine mode of action. Antigen presenting cells (APCs)
recognize luminal antigens penetrating the colonic wall and through interaction
with Th1 cells induce the production of interferon (IFN)-γ. IFN-γ activates epithelial
cells. 5-aminosalicylic acid (5-ASA) is able to block transcription of inflammatory
cytokines in colonic epithelial cells. IL: Interleukin; TNF: Tumor necrosis factor.
[66]

Tomasello et al , demonstrated that mucosal Hsp60
levels in UC patients decrease after therapy with either
mesalazine alone or mesalazine plus probiotics, with
the decrease in the latter being more pronounced.
This same group has demonstrated that Hsp90 levels
are high in UC mucosa, both in epithelium and lamina
propria. Treatment with 5-ASA plus probiotics reduces
Hsp90 levels in the lamina propria, while 5-ASA alone
does not have any effect. However, Hsp90 levels
within the epithelium were not affected by any of the
treatment regimens. In fact, authors have found a
linear correlation between Hsp90 and CD4 levels in
lamina propria in both UC patients at diagnosis and 6
[67]
mo after 5-ASA alone therapy .
According to these and previously published results,
it has been proposed that a synthetic Hsp90 inhibitor,
able to block LPS-induced TLR4 signaling of CD4+
cells, could be applicable to treatment of autoimmune
diseases involving inflammation and activation of
[68]
the adaptive immune response . The latest results
show that Hsp10 levels in UC mucosa decrease after
therapy. This decline is similar to what is previously
described for Hsp60; however, in contrast to Hsp60,
Hsp10 has been described as an anti-inflammatory
agent. In conclusion, these results altogether indicate
that determination of Hsp levels in intestinal mucosa
as done in this study has a promising potential for
monitoring response to treatment in UC.

Corticosteroids

Glucocorticoids (GC) are potent inhibitors of T cell
activation and pro-inflammatory cytokines. However,
failure to respond to glucocorticoid therapy is a
[69,70]
risk factor for a progressive course of IBD
. In
these patients reduced peripheral T lymphocyte GR
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Mechanism of action: Glucocorticoids mediate
their anti-inflammatory responses by binding
the intracellular glucocorticoid receptor (GR), a
phosphorylated 92-kDa protein, which is a member
[72]
of the nuclear receptor superfamily
(Figure 3). The
unliganded receptor is sequestered in the cytoplasm,
bound to heatshock proteins Hsp90 and Hsp70 and
immunophilin FKBP59, a 59-kDa protein. Upon GC
binding and dissociation from heterocomplex proteins,
GR translocates into the nucleus; translocation is
mediated by specific nuclear transport factors that
belong to the importin β family of nuclear transporters,
[73]
and in particular by importin 13 . The activated
receptor then binds as homodimer to palindromic
DNA-binding sites, the so-called glucocorticoid
responsive elements (GREs), localized in the promoter
[74-76]
region of target genes
. Although some GC antiinflammatory effects are achieved through induction
of anti-inflammatory genes, such as interleukin
[77,78]
(IL)-10, annexin 1 and the inhibitor of NF-κB
,
transactivation enhances mainly the expression of
[79,80]
genes involved in metabolic processes
, and is
therefore, responsible for the majority of unwanted
[81,82]
side effects
. Indeed, the presence of GR on GRE
might competitively prevent the binding of activator
protein (AP)-1 and NF-κB on the same promoter
regions or might trans-activate their inhibitor proteins.
Furthermore, GRE-independent mechanisms of transrepression also exist: the GR physically interacts with
[83]
[84]
AP-1 , NF-κB and signal transducers and activators
[85]
of transcription . Trans-repression is believed to be
responsible for the majority of the beneficial, anti[79,86-88]
inflammatory effects of GCs
.
Measuring response to corticosteroids in IBD:
Research in impaired sensitivity to glucocorticoid
inhibition in IBD has highlighted three potential
molecular mechanisms: (1) decreased cytoplasmic
glucocorticoid concentration secondary to increased
P-glycoprotein-mediated efflux of glucocorticoid
from target cells due to overexpression of the
[89-91]
multidrug resistance gene (MDR1)
; (2) impaired
glucocorticoid signaling because of dysfunction at
[92,93]
the level of the glucocorticoid receptor
; and (3)
constitutive epithelial activation of pro-inflammatory
mediators, including NFκB, resulting in inhibition of
[94,95]
glucocorticoid receptor transcriptional activity
.
The multi-drug resistant (MDR1) gene codes for a
drug efflux pump P-glycoprotein-170 (permeabilityglycoprotein or Pgp), which is expressed on the
apical surface of lymphocytes and intestinal epithelial
cells and actively transports toxins and drugs out of
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Figure 3 Glucocorticoids mode of action. AP: Activator protein; GC: Glucocorticoids; GR: Glucocorticoid receptor; TNF: Tumor necrosis factor; NF: Nuclear factor.

target cells, thereby removing toxic metabolites and
xenobiotics from cells into urine, bile, and the intestinal
lumen. This efflux pump also regulates the distribution
and bioavailability of drugs, and in conclusion reduces
their efficacy. To date, 15 MDR1 polymorphisms
have been identified and a polymorphism in exon
26 (C3435T) of the MDR1 gene has been shown to
be significantly correlated with levels of expression
and function of P-gp-170 in healthy individuals.
Healthy individuals are classified as: homozygous
(C/C or“resistant” genotype and T/T or “responsive”
genotype) or heterozygous (C/T). The C/C genotype
is highly prevalent in West Africans (83%) and African
Americans (61%) compared with 26% and 34% in
[90,91]
caucasians and Japanese populations, respectively
.
Pgp and MDR expression have been shown to be
significantly higher in CD and UC patients requiring
[92]
surgery due to failure of medical therapy . In MDR1
knockout mice associations between C3435T and
UC and G2677C/T and IBD have been described.
Several other associations with SNPs in the TNF
(tumor necrosis factor) gene and the macrophage MIF
(migration inhibitory factor) gene and GC dependency
or sensitivity have also been reported. According to
these results a protective role for the MDR1 3435 C/C
versus MDR1 3435 T/T genotype and C versus T allele
[93-112]
for the progression of IBD is suggested
.
Matrixmetalloproteinases (MMPs) make up a
family of 24 human zinc-dependent endopeptidases
and degrade practically all extracellular matrix
[102,103]
components
. They are fundamental for tissue
[103]
damage
and expressions correlate with the degree
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[104,105]

of inflammation in the gut
. MMP activity is
inhibited by tissue inhibitors of MMPs (TIMPs), as well
as nonspecific inhibitors such as α2-macroglobulin
[106]
(α2M)
. TIMPs modulate the activity of soluble,
[106]
matrix-bound, and cell-associated MMPs
and
[107,108]
are upregulated in IBD
. α2M is a serum antiproteinase, capable of almost universally inhibiting
endoproteinases, and is thought to be the major
[106]
plasma inhibitor of MMPs
. Pro-inflammatory
[109]
cytokines, such as TNF-α, increase MMP production ,
and production of TNF-α correlates with both MMP
[110]
and TIMP production in IBD
. Serum levels of
MMP-7, -8, and -9, TIMP-1, and α2M, are elevated
in active IBD. Both, GC and anti-TNF-α therapies
reduce MMP-7 levels, but only in GC treated patients,
the levels decline corresponding to levels of control
patients. Interestingly, no significant changes in
α2M are associated to GC treated group. MMP-7
and TIMP-1 seem promising in monitoring the effect
of GC treatment. GCs inhibit MMP synthesis by
controlling gene expression as well as by inducing the
[83]
transcription of TIMPs . While MMP-7/TIMP-2 ratio is
[86]
associated with greater severity of UC , the decrease
in MMP-7/TIMP-2 ratio in GC-treated patients is more
likely a result of decrease in MMP-7 itself as TIMP-2 is
not affected.
Several investigations have also identified GR
abnormalities as potential mechanisms influencing
response to glucocorticoid treatment in several
inflammatory conditions as: (1) reduced peripheral
[91]
T-lymphocyte GR binding affinity ; (2) abnormalities
of GR-AP-1 binding in glucocorticoid resistant asthma,
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[79]

suggesting a post-receptor mechanism ; and (3)
increased expression of glucocorticoid receptor β (GRβ),
a truncated splice variant of the normal isoform GRα
that does not bind glucocorticoid ligands. GRβ is unable
to transactivate glucocorticoid-responsive genes, and
has therefore been suggested to act as a dominant[92]
negative inhibitor of glucocorticoid action .
[111]
Honda et al
reported GRβ mRNA expression
in 83% of the patients with steroid-resistant UC
compared to only 9% in steroid-responsive patients,
and 10% in healthy controls and chronic active CD
patients. These results were confirmed in a recent
study from Japan, where the authors looked at
the frequency of GRα and β positive cells in colonic
biopsies of GC-sensitive (n = 6) and GC-resistant (n
[112]
= 8) UC patients . They also found that there were
significantly more GRβ-positive cells in the GC-resistant
group than in the GC-sensitive and the control groups.
miRNAs are small (18-24 nucleotides) non-coding
RNAs, which bind the 3’UTRs (mRNA that immediately
follows the translation termination codon) and the
coding exons of their target genes and inhibit gene
expression. By affecting gene regulation, miRNAs
are likely to be implicated in the control of diverse
biological processes Moreover, miRNAs have important
regulatory roles in the innate and adaptive immune
system, and characteristic miRNA expression profiles
[113]
have been demonstrated even in IBD
. A number
of studies have shown that GCs can modify the
expression profile of different miRNAs but to date it
is not possible to recognize a specific miRNA pattern
regulated by GCs. It has been demonstrated that
activation of GR by GCs might induce or repress
specific miRNAs in various target genes. The majority
of studies have evaluated the effect of GCs on miRNA
expression levels in tumor leukemic cells, during
[114]
GC induced apoptosis
. Of interest, miRNA could
target mRNAs encoded by genes involved in the
importin pathway, or appear like potential regulators
of components of the inflammasome pathway
(key signalling platforms that detect pathogenic
microorganisms and sterile stressors, and that activate
the highly pro-inflammatory cytokines IL-1β and
IL-18). Both importins and the inflammasome are
involved in molecular mechanism of GC signaling:
importin is a nuclear transport protein responsible
for the translocation of the complex GR-GC into
[115]
the nucleus
, and variants of the inflammasome
gene have been correlated with steroid resistance in
[116]
pediatric IBD patients .
Conversely, NF-κB and GRα can mutually repress
each other’s transcriptional activity. Consequently,
the debate as to whether inflammation drives
glucocorticoid resistance or vice versa has refocused
investigators’ efforts into the critical role played by NF[93]
κB . Further investigations have shown that while
the activation of AP-1 and the upstream kinases p38
and c-Jun N-terminal kinase (JNK) in steroid-sensitive
patients with CD was mainly found in lamina propria
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macrophages, steroid-resistant patients revealed
activation of all these mediators mostly in epithelial
[94]
cells .
Gene expression profiling can be successfully
used to stratify patients and identify transcriptional
signatures associated with clinical parameters. Several
predictor gene panels containing genes involved in
immune mechanisms (PTN, OLFM4, LILRA2, CD36),
autophagy or GC response (STS, MDM2) have
been identified. This represents, the first biomarker
discovery [predictor gene panels that contain genes
involved in immune mechanisms (PTN, OLFM4,
LILRA2, CD36), autophagy or GC response (STS,
MDM2)] based on specifically designed analytical
algorithms with potential value to predict GC response
and need of surgery as well as with diagnostic value
[117]
for IBD patients .

Thiopurines

Mechanism of action: In vitro studies have shown
that AZA and 6MP exert their effect by controlling T
cell apoptosis through modulation of Rac1 activation
(118)
upon CD28 co-stimulation
. Apoptosis induction
required co-stimulation with CD28 and was mediated
by specific blockade of Rac1 activation through binding
of 6-thioguanine nucleotide (6-TGN) to Rac1 instead
of guanine triphosphate (GTP). Activation of the Rac1
gene in turn leads to activation of mitogen-activated
protein kinase (MAP kinase), NF-κB, bcl-x(L)(B cell
lymphoma) and finally to a mitochondrial pathway of
apoptosis. Thus AZA and 6MP convert a co-stimulatory
signal into an apoptotic signal by modulating Rac1
activity. In Figure 4 the thiopurines biotransformation
pathway is represented.
Measuring thiopurines derivatives: TPMT enzyme
activity (measured by radioimmunoassay) is genetically
[118]
determined and has been extensively reviewed
.
In summary, TPMT enzyme activity can identify
patients with high TPMT activity that metabolize
6-MP to 6-methyl-MP and therefore may be resistant
to treatment with thiopurine drugs. It is estimated
that TPMT deficiency is responsible for up to 30% of
all adverse drug reactions (ADRs) experienced on
AZA, but whilst TPMT deficiency strongly predicts the
development of myelotoxicity, the most serious ADR of
AZA therapy, it fails to account for over 70% of cases
[119,120]
of myelotoxicity
. Another candidate enzyme
for further study is xanthine oxidase ⁄dehydrogenase
[121,122]
(XDH)
. Blocking XDH activity using allopurinol
(which, as recently described, also inhibits TPMT due to
[123]
skewed drug metabolism)
is known to cause severe
toxicity with conventional doses of AZA and safe coprescription of allopurinol requires an AZA dose[124]
reduction of approximately 80%
. A molybdenum
[125]
cofactor
is essential for the action of three oxidases,
XDH, aldehyde oxidase (AO) and sulphite oxidase.
This molybdenum cofactor requires the action of
molybdenum cofactor sulfurase (MOCOS). MOCOS
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Figure 4 Thiopurines metabolic pathway. XO: Xanthin oxidase; 6-TU: 6-thiouracil; TPMT: Thiopurine methyltransferase; HPRT: Hypoxanthine phosporybosil
transferase; 6-MMP: 6-methyl mercaptopurine; 6-TIMP: 6-thiosine 5’ monophosphate; 6-MMPR: 6-methyl mercaptopurine ribonucleotide; IMPD: Inosine
monophosphate dehydrogenase; 6-TXMP: 6-Thioxanthosine monophosphate; GMPS: Guanosine monophosphate synthetase; 6-TGN: 6-thioguanine nucleotide; 6-TG:
6-thioguanine; 6-TGDP: 6-thioguanine diphosphate; 6-TGTP: 6-thioguanine triphosphate.

deficiency (which results in the deficiencies of both
XDH and AO, but not sulphite oxidase) is, in contrast,
relatively benign, causing only a predisposition to
[126]
renal stones (Type Ⅱ Xanthinuria)
. AO has been
considered of minimal clinical significance and so it has
not been carefully examined until recently.
Monitoring of 6-MP metabolites is a helpful, but
not an indispensable tool in thiopurine non-responders
to discriminate poor adherence and under-dosing
from pharmacogenetic thiopurine resistance and
thiopurine refractory disease. Several studies have
reported that patients with IBD treated with AZA or
6-MP who respond to therapy have higher median
concentrations of 6-TGN than patients who fail to
[127-129]
respond to therapy
. One study in 93 patients
with IBD reported that the median concentration of
8
6-TGN in responding patients was 312 pmol/8 × 10
RBCs compared with a median concentration of 199
[129]
in patients who failed to respond
. There was no
difference in the median concentrations of 6-MMP
between the 2 patient groups. The breakpoint between
the lower two quartiles and the higher two quartiles
8
of 6-TGN concentrations was 235 pmol/8 × 10 RBCs.
Sixty-five percent of responding patients had an
erythrocyte 6-TGN concentration > 235 as compared
with only 27% of patients failing therapy. Thus, the
authors suggested that clinicians should adjust AZA
or 6MP doses to achieve 6-TGN concentrations >
8
235pmol/8 × 10 RBCs. The authors also reported
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that hepatotoxicity (defined as liver enzymes more
than twice normal) occurred in 16 patients, and that
the median 6-MMP concentrations were 5463 pmol/8
8
× 10 RBC’s in patients with hepatotoxicity compared
8
with only 2213 pmol/8 × 10 RBCs in patients without
hepatotoxicity.
Unfortunately, dose escalation of thiopurines does
not necessarily result in higher efficacy. Instead of
increasing 6-TGN concentration, following increasing
the thiopurine dose, some patients shift their meta
bolism towards the production of 6-MMP resulting in
[130]
hepatotoxicity
. Another approach to bypass the
influence of TPMT has been by direct administration
[131-133]
of 6-TGN
. High concentrations of 6-TGN were
achieved but the drug had to be stopped because of
[134]
nodular regenerative hyperplasia in the liver .
[135]
Smith et al
have recently published the impact
of introducing nucleotide monitoring into clinic. They
obtained 608 TGN results from 189 patients with IBD.
In non-responders, TGNs directed treatment change
in 39/53 patients. When treatment was changed as
directed by TGN, 18/20 (90%) improved vs 7/21 (33%)
where the treatment decision was not TGN-directed
(P < 0.001). Where treatment change was directed
at optimization of thiopurine therapy, 14/20 achieved
steroid-free remission at 6 mo vs 3/10 where the TGN
was ignored (P = 0.037). Six per cent of patients were
non-adherent, 25% under-dosed and 29% over-dosed
by TGN. Twelve per cent of patients demonstrated
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preferential thiopurine methylation; this group had
low TGN levels and high risk of hepatotoxicity. In
responders, adherence and dosing issues were
identified and TGN-guided dose-reduction was possible
without precipitating relapse. Mean cell volume (MCV),
white blood cell count (WBC) and lymphocyte counts
were not adequate surrogate markers. MCV/WBC ratio
correlated with clinical response, but was less useful
than TGN for guiding clinical decisions.
In a previous study, the same group identified the
presence of the coding region SNP AOX1 3404G as a
[136]
predictor of non-responsiveness to AZA therapy . The
authors suggested that those with a poor chance of
responding to AZA (high TPMT activity and AOX13404G
variant) should be offered an alternative treatment
as first-line therapy, which might include reduced
dose azathioprine in combination with allopurinol, a
combination which has been shown to circumvent the
[137]
problem of hyper-methylation in some patients
.
In patients with CD, the next immunomodulator
considered for treatment would usually be MTX. It is
possible that the same polymorphism AOX1 c.3404A >
G could also affect an individual’s chance of response
to MTX, as AO is known to metabolize MTX producing
a 7-hydroxymetabolite, which is considered inactive.
Genotype variants, which have a functional impact,
most commonly decrease the activity of the affected
enzyme. If this is true for the AOX1 3404G variant,
then the association with lack of clinical response
would suggest that AO metabolites of AZA have
immunosuppressive activity: 8-hydroxy-6MP did not
[138]
slow the growth of rat sarcoma
; however, AO
produces several other AZA metabolites on which
no functional work has been carried out. Another
possibility is that AO activity is increased in the
presence of the AOX1 3404G variant. In this case, it
is possible that overactive AO removes and inactivates
a higher proportion of the ingested drug, resulting in
decreased efficacy; but in this case, one would expect
carriers of the AOX1 sequence variant to have lower
TGN levels.
Purinergic signaling and associated ectonucleo
tidases, such as CD39 and CD73, have been implicated
in the pathogenesis of IBD. Adenosine generated by
CD73 and CD39 components might play an important
role in the resolution of inflammation and in the
promotion of healing. The anti-inflammatory effects
of AZA, have been ascribed to induce apoptosis of
predominantly CD45RO+ memory T cells (within
[139]
CD73+CD4+ T cells) .

Methotrexate

Mechanism of action: MTX, like folic acid, is
a substrate for the enzyme folylpolyglutamate
synthetase, which adds glutamic acid residues to
these compounds. Parent MTX, polyglutamated MTX
metabolites (MTXPG), and another major metabolite,
7-hydroxymethotrexate (7OH-MTX), are all folic acid
analogues with inhibitory activity against many of the
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[140]

enzymes in the metabolic pathway of folic acid
.
The principal cellular action of MTX, is competitive
inhibition of the enzyme dihydrofolatereductase
[141]
(DHFR) . The metabolites of MTX have considerable
importance as inhibitors of the folate-dependent
enzymes distal to DHFR. MTXPG are preferentially
retained intracellularly in a non-effluxable form in
proportion to the length of the polyglutamate chain,
and they account for more than 50% of intracellular
[142]
drug 24 h after exposure . 7-0H-MTX, which is the
major circulating variant of MTX 24 h after a dose
of the drug, undergoes polyglutamation 2.7-fold
faster than does MTX, and it is also a 4.5-fold more
potent inhibitor of 5-aminoimidazole-4-carboxamide
ribotide (AICAR) transformylase, and possibly other
[143,144]
distal folate-dependent enzymes, than is MTX
.
MTX is effective in the treatment of inflammatory
diseases such as CD in low doses. The question is
whether inhibition of T cell proliferation is a major
mechanism of action in low-dose MTX treatment
and if it is related to inhibition of DHFR or not. Some
studies suggest that low-dose MTX is indeed able
to inhibit lymphocyte proliferation through DNA
[145]
synthesis inhibition
. However, anti-inflammatory
properties of MTX were not always found to depend on
lymphocyte proliferation inhibition. On the other hand,
overt inhibition of cellular proliferation produced by
inhibition of DHFR is not a requirement for efficacy but
rather is a sign of toxicity of low-dose MTX therapy.
The coadministration of folinic acid or leucovorin (fully
reduced tetrahydrofolate), which bypasses blockage
of DHFR, ameliorates many of the side effects of MTX.
However, if given in excess quantities, it also retards
[146-148]
the efficacy of the drug
(Figure 5).
Proliferation of T cells can also be inhibited by
MTX through its inhibition of cytokines, such as IL-2,
that promote proliferation. MTX generally inhibits Th1
cytokines and up-regulates or does not affect Th2
[149-151]
cytokines
. TNF-α, in particular, was found to
be suppressed in both ex vivo stimulated T cells of
patients with rheumatoid arthritis (RA) treated with
MTX and in vivo and in vitro experiments in T cells
[152,153]
and macrophages
. Also, the number of CD4+ T
cells that secrete TNF-α was significantly lower in MTX[154]
treated patients with RA than in untreated patients .
The inhibitory effect of MTX on TNF-α can be attributed
[155]
to several mechanisms: high levels of adenosine
;
inhibition by MTX of TNF-α promoter activity in
[154]
lymphocytes
; inhibition of NF-κB activation,
[156]
indirectly inhibiting subsequent TNF-α transcription .
IFN-γ, has also been shown to be inhibited by MTX.
In vivo, MTX enhances IL-10 production. Patients
with RA treated with MTX showed increased numbers
of IL-10-producing T cells, and ex vivo stimulated
monocytes of patients with RA treated with MTX
[154]
showed increased IL-10 production
. Interestingly,
upregulation of IL-10-producing monocytes was
observed only in patients who responded to therapy.
In summary, pro-inflammatory cytokines and
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cytokines that promote proliferation are inhibited by
MTX, whereas the anti-inflammatory cytokine IL-10
is upregulated. This may suggest that induction of
IL-10 by MTX is one of its important anti-inflammatory
[157]
mechanisms .
Genetic polymorphisms and treatment response:
The uptake of MTX into cells is mainly controlled by
the reduced folate carrier (RFC). A non-conservative
polymorphism G80A (R27H) has been associated with
higher plasma concentrations of MTX and a worse
prognosis (event-free survival estimates) in children
with acute lymphoblastic leukaemia treated with this
[158]
drug .
The folypolyglutamase hydrolase, also known as
c-glutamyl hydrolase (GGH), converts long-chain
MTXPG into short-chain MTXPG and ultimately back
to MTX resulting in higher efflux of the drug. Also,
in acute lymphoblastic leukaemia patients, several
polymorphisms in this gene have been identified
including a putatively functional non-conservative
SNP C452T (T127I) associated with low enzyme
activity and higher accumulation of long-chain MTX-PG
[159,160]
.
experiencing a better event-free survival
Therapy with MTX results in a reduction of the reduced
folate pool by inhibiting dehydrofolate reductase. Another
enzyme, the methylenetetrahydrofolate reductase
(MTHFR) is crucial for folate homeostasis by converting
5,10-methylene-tetrahydrofolate, the methyl-donor
in dTMP synthesis, into 5-methyltetrahydrofolate, the
carbon-donor required for methionine synthesis. Two
common, non-synonymous polymorphisms in this
gene have been found to influence MTX toxicity and
efficacy. The SNP C677T results in a more thermolabile
variant of the protein and has been associated with
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[161]

increased drug toxicity
. Interestingly, this SNP
has also been associated with overall susceptibility
[162]
to IBD in an Irish cohort of patients
. The second
SNP, A1298C, also leads to a reduced activity of the
[163,164]
MTHFR
and has been associated with increased
[165]
efficacy in patients with RA .
There is also evidence from in vitro experiments
that impaired folylpolyglutamasesynthase (VMcN1)
[166,167]
activity may play a crucial role in MTX resistance
.
A small clinical trial in 18 CD patients has de
monstrated that individual RBC MTXGlu1-5 concen
trations can be measured accurately and have low
intra-patient variation at steady state. Unexpectedly,
the study suggested that RBC MTXGlu4 and 5
concentrations correlated inversely with efficacy in
patients with CD. In addition, high RBC MTXGlu4&5
concentrations were associated with an increased
incidence of adverse effects. Although the findings
were statistically significant, the number of subjects
in this pilot study was small and, therefore, as stated
by the authors, there is a high possibility of a type I
[168]
statistical error .

Calcineurin inhibitors

Mechanism of action: Calcineurin inhibitors exert
their cellular effects through binding to proteins called
[169]
immunophilins . Cyclophilins (CP) bind CsA and FKbinding proteins (FKBPs) bind Tac. Cyclophilin A is the
most abundant cyclophilin in T lymphocytes, and the
predominant Tac-binding immunophilin is the FKBP12.
The CPs and FKBPs are structurally unrelated but both
families have a cis-trans prolyl-peptidyl isomerase
activity. The binding of CsA or Tac to its respective
immunophilin enhances the immunophilin's affinity
to calcineurin. Formation of such a complex results
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[170]

in its binding to and inhibition of calcineurin
. In
the process of T-cell activation calcineurin, which is a
calmodulin-activated serine phosphatase, associates
with and dephosphorylates inactive nuclear factor
of activated T cells (NFAT). This leads to NFAT
translocation to the nucleus and, in association with
other transcription factors such as AP-1, initiation of
[171-173]
downstream events involved in T-cell activation
.
Within the members of the NFAT family, NFAT1,
NFAT2, and NFAT4 participate in T lymphocytes
cytokines transcriptional activation such as IL-2, IL-4,
[174]
and CD40L
. So, in T cells NFAT proteins not only
regulate activation but also are involved in the control
of thymocyte development, T-cell differentiation
and self-tolerance. The functional versatility of NFAT
proteins is explained by their complex mechanism
of regulation and their ability to integrate calcium
signalling with other signalling pathways. The drugimmunophilin complex forms an inhibitory association
with calcium-calmodulin-activated calcineurin, pre
venting its binding and activation of NFAT. CsA also
inhibits mRNA transcription of IFN-γ by inhibiting NFAT
translocation into the nucleus (Figure 6).
CsA and Tac, induce apoptosis of CD4+ T-lympho
[175]
cytes . CsA reduces the number of the anti-apoptotic
[175]
Bcl-2-positive T cells . The apoptotic activity of CsA is
possibly mediated by the inhibition of cytokine release
and the subsequent activation of ICE-like proteins (ICE
is an acronym for IL-1β converting enzyme of caspase
1), known to play a chief role triggering the apoptotic
[176]
cascade .
Apart from the above-mentioned effects on T
lymphocytes, CsA inhibits antigen presenting cells
activity and production of the B-lymphocyte activating
[177]
factors ; attenuates adhesion interaction and transendothelial migration and infiltration of neutrophils
by decreasing endothelial expression of cell adhesion
molecules (E-selectin, intercellular adhesion molecule
1, and vascular cell adhesion molecule 1) and inhibits
the anti-apoptotic NF-κB, a central transcription factor
[178]
mediating inflammatory injury .

Influence of genetics on pharmacological behavior

Pharmacokinetics: CsA and Tac are among the most
commonly used immunosuppressants in patients
with organ transplantation or autoimmune diseases.
However, both have a narrow therapeutic window and
large inter-individual variability, resulting in therapeutic
drug monitoring (TDM), necessary for adjusting the
dose in order to reduce the toxicity and improve the
efficacy.
To date, most transplant centers utilize wholeblood measurements of CsA trough levels as a
means of TDM. However, it was demonstrated
that the correlation of “therapeutic” trough levels
[179,180]
with the actual drug exposure
or with clinical
[181]
outcomes
was relatively poor. The determination
of total AUC is the most accurate measure of drug
exposure, and its values possibly correlate to some
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degree with the rate of successful outcomes. However,
due to the cost and inconvenience of multiple blood
measurements required for AUC determination, this
method is impractical. A decade ago, prospective
studies were underway examining the utility of a single
measurement of 2-h (C2) CsA level, which showed
to be associated with renal allograft rejection (blood
concentrations of CsA during the early post dose
period had been shown to correlate well with inhibition
of calcineurin and IL-2 but still was, logistically difficult
[182,183]
and plagued by a high intra-individual variability)
.
Unlike the case of CsA, the trough levels of Tac
correlate reasonably well with AUC and are the most
[184]
common measure of Tac treatment monitoring
.
Although TDM is widely recommended in clinical
practice and has been conducted for approximately
30 years, this strategy for calcineurin inhibitors
[185]
therapy is controversial according to recent reports .
In the past decade, the understanding of the phar
macogenomics of calcineurin inhibitors in trans
plantation has improved. Polymorphisms of genes
coding for enzymes and transport proteins involved
in the metabolism of these compounds have been
thoroughly studied. CYP3A4 oxidizes CsA at multiple
positions and is known to convert CsA into three major
primary metabolites (AM1, AM9 and AM4N). CYP3A5
preferentially attacks at amino acid 9 and metabolizes
CsA to only one primary metabolite (AM9). For Tac,
the intrinsic clearance for CYP3A5 is approximately
2-fold higher than for CYP3A4. CYP3A5 catalyses the
formation of four primary metabolites (M1, M2, M3 and
M6). It is well established that the CYP3A5 A6986G
(*3) SNP influences the pharmacokinetics of Tac in
[186]
renal recipients
. Almost all studies have reported
that recipients with the CYP3A5*3/*3 genotype (nonexpressers) exhibit higher dose-adjusted Tac exposure
(C0/dose, C2/dose or AUC/dose), and a lower dose
requirement compared with the CYP3A5*1/*1 or*1/*3
carriers (expressers). With respect to CsA and the
CYP3A5*3SNP, the results from clinical studies have
not been able to reach a conclusion. ABCB1 (MDR1),
encoding the transport protein P-glycoprotein,
which pumps calcineurin inhibitors out of intestinal
enterocytes, has had several of its SNPs investigated
in renal transplant patients. The influence of these
SNPs on the pharmacokinetics of CsA and Tac
remains uncertain, as CYP3A4 also demonstrates
inter-individual variation in a metabolic capacity and
functional SNPs are few in the CYP3A4 gene and most
studies found no association with pharmacokinetics of
[186,187]
CsA, and controversial associations with Tac
.
Pharmacodynamics: Enzymatic and immunological
strategies are the two types of methods which
can be used to assess the pharmacodynamics of
these compounds. The former directly determines
calcineurin activity, while the latter measures immune
[187,188]
responsiveness at several levels
. Although
these strategies are still in a very early stage, and
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have not been validated in clinical practice, several
clinical studies have reported associations of NFATregulated genes with biopsy-proven acute rejection
and recurrent infections in renal recipients, making
the expression of such genes a promising biomarker
[189,190]
of pharmacodynamics
. In fact, functional poly
morphisms in PPIA (coding for cyclophilin), FKBP1A
(coding for FKBP12), PPP3CA/PPP3CB/PPP3R1 (coding
for calcineurin), NFATC1/NFATC2/NFAT5 (coding for
NFAT) and IL-2 (coding for IL-2) have been explored in
[191-195]
other diseases
.
Many important metabolic enzymes and transporters
could also be modulated by orphan nuclear receptors,
a large family of transcription factors regulating tissue
gene expression, such as the pregnane X receptor (PXR),
constitutive androstane receptor, the glucocorticoid
receptor and more.
In recent years, epigenetics have been incorporated
to the field of pharmacology referring to drug res
ponses accounted for by epigenetic changes (DNA
methylation, modification of histones in chromatin
and RNA-mediated regulation of gene expression, as,
miRNAs) instead of alterations in the DNA sequence.
In contrast to SNPs, epigenetic characteristics can be
altered by age, influenced by drugs and can interact
with environments. Current evidence has revealed
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that the expression of CYP3A4 and CYP3A5 could
be affected by a DNA methyltransferase inhibitor
[196,197]
and miRNA-27b
. Besides the direct action on
enzymes, miRNAs also regulate the expression of
[198]
nuclear receptors, such as PXR .

Biologics

Mechanism of action - Anti TNF-α: TNF plays
a central role as a pro-inflammatory cytokine that
initiates the defense response to local injury. When
present at low concentrations, it is believed to have
beneficial effects, such as the augmentation of host
defense mechanisms against infections. At high
concentrations, TNF can lead to excess inflammation
and organ injury. Both immune (macrophages, T cells,
granulocytes, etc.) and non-immune cells (fibroblasts,
neurons, smooth muscle cells) can produce TNF. It is
initially produced as a cell surface-bound precursor
(tmTNF), which can be enzymatically cleaved by
TNF-α converting enzyme to form a soluble cytokine
(sTNF). Both sTNF and tmTNF are biologically active
and interact with either of 2 distinct receptors to
exert their action: the p55 TNF receptor 1 (TNFR1)
and the p75 TNFR2 that are present on a wide
range of cell types. sTNF preferably binds to TNFR1
and generates the pro-inflammatory properties of
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TNF: Activation of nuclear factor kappa-B1 (NFκB1), which will result in the transcription of several
inflammatory genes and the expression of other proinflammatory cytokines including IL-1 and IL-6 and
enhancement of leukocyte migration by inducing
expression of adhesion molecules by endothelial cells
and leukocytes; caspase-8- and caspase-3-dependent
apoptosis. tmTNF preferably binds to TNFR2 and
initiates the immune-regulatory properties of TNF.
This effect is attributed to the possibility of tmTNF
serving as a receptor instead of a ligand for TNFR2 and
inducing reverse signaling through this membraneanchored ligand and triggering cell activation, cytokine
[199]
suppression or apoptosis of the tmTNF bearing cell .
The four TNF antagonists available in the treatment
of IBD can be divided into two categories based on
their structure: the full-length monoclonal antibodies
(mAbs) and those with only an antibody fragment.
Infliximab, adalimumab and golimumab are the fulllength IgG1 antibodies and their Fc region is capable of
complement fixation and Fc-receptor mediated biologic
activities. Certolizumab pegol lacks this Fc region and is
therefore not able to perform these effector functions.
All of these agents have TNF as target and are capable
of binding sTNF and tmTNF with high affinity. However,
differences in structure between antagonists cause
different kinetic-binding parameters that can result
in variable clinical efficacy. For example, etanercept,
an anti-TNF approved for rheumatological diseases,
is able to bind both forms of TNF but is not effective
in CD, so other mechanisms must be responsible
[200]
for the action of these agents
. These compounds
exert a down-regulation of inflammatory cells in the
inflamed bowel mucosa that is believed to be induced
by apoptosis in tmTNF carrying cells. There is also in
vitro evidence that infliximab induces cell lysis through
complement-dependent cytotoxicity and antibody[201]
dependent cellular cytotoxicity, both Fc-dependent .
One other possible mechanism of action that has been
shuffled is the induction of regulatory macrophages,
also an Fc-dependent mechanism. These macrophages
have immunosuppressive capacities, play a crucial
role in wound healing and have been shown to be
up-regulated in patients responding to infliximab
[202]
therapy
(Figure 7).
Anti IL12/23: IL-12 is the key inducer of Th1 cells
while recent studies conducted on human cells suggest
that a cocktail of cytokines, such as IL-23 and IL-1β,
are critical for Th17 differentiation. Human Th17 cells
are thought to produce several pro-inflammatory
cytokines, including IL-17A and F, TNFα, IL-22, IL-26
[203]
and IFNγ . Similar to IL-12, IL-23 can contribute to
functional responses of several effector cell subtypes
other than CD4+ T cells, including CD8+ T cells,
[204-207]
NK, NKT, γδ T cells, and innate lymphoid cells
.
There is increasing evidence of plasticity amongst
certain Th subtypes, depending upon the cytokine
[208,209]
microenviroment
.
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Ustekinumab is a human IgG1 kappa (κ) mAb that
binds to the IL-12p40 subunit. This subunit of IL-12
was also found to associate with a p19 subunit to
[210]
form IL-23
. Ustekinumab prevents human IL-12
and IL-23 from binding to the IL-12Rβ1 receptor
chain of IL-12 (IL-12Rβ1/β2) and IL-23 (IL-12Rβ1/
IL-23R) receptor complexes on the surface of NK
and T cells but cannot bind to endogenous IL-12 or
IL-23 that is already bound to receptor complexes.
Thus, ustekinumab is unlikely to mediate Fc effector
functions.
Mechanism of action - Anti-adhesion molecules:
L-selectins are expressed on leukocytes, and P- and
E-selectins are found on the endothelium. Although
strong, these selectin bonds are short-lived and,
consequently, the T cells roll over the endothelium
[211]
from one selectin bond to the next . This results in
slowing of the lymphocytes and allows for transient
interactions which enable the cell to encounter
the cytokine-rich microenvironment that triggers
subsequent firm adhesion and consequent migration
[212,213]
through the blood vessel wall
. Secondary
adhesion molecules, all members of the integrin
family, function to stop the rolling lymphocytes and
allow migration. Integrins are leucocyte cell-surface
adhesion molecules that mediate both cell-cell and
[214]
cell-extracellular matrix interactions
(Figure 8). The
expression of integrins is activated by chemokines,
[215]
which are released by T cells
. Integrins involved
in the T-cell migration are as follows: leucocyte
function-associated antigen 1 (LFA-1 or α2β2) and
the two α4-integrins (α4β1 and α4β7). For the
migration of leucocytes, these integrins bind to
specific ligands at the endothelium called addressins
or adhesion molecules. The α2β2 integrin, expressed
on neutrophils, interacts with intercellular adhesion
molecule-1 (ICAM-1) that is expressed on leucocytes,
dendritic cells, fibroblasts, epithelial cells and
[216,217]
endothelial cells
. The α4β1 integrin is expressed
on most leucocytes, but not on neutrophils and
binds to vascular cell adhesion molecule-1 (VCAM-1)
and to components of the extracellular matrix such
[218]
as fibronectin and thrombospondin
. The third
family is the α4β7 integrin, which is expressed on the
lymphocytes that colonise the gut and gut-associated
lymphoid tissues and interacts with the MAdCAM-1
and this interaction activates the migration of
[219,220]
lymphocytes to Peyer’s patches
. Last, the αEβ7
integrin is another member of the β7 integrin family
that it is expressed only in mucosal intraepithelial T
lymphocytes and that binds selectively to E-cadherin
[221]
on epithelial cells
. The expression of aEβ7 is
elevated in UC and CD in the active phase of the
[222,223]
disease
, and the interaction of aEβ7/E-cadherin
has been proposed to participate in the retention of
[224]
T cells in the mucosal tissue
. Pro-inflammatory
[225-227]
cytokines such as IL-1 and TNF
up-regulate
the expression of ICAM-1 and MAdCAM-1. Treatment
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[228]

with IFX decreases the expression of ICAM-1
.
Increased ICAM-1 expression in CD is present not
only in the mucosa but also in the submucosa and
[229]
muscular layers
, which could be implied in the
transmural nature of CD. Most anti-adhesion molecule
therapies target the integrin family. The first drug
developed was natalizumab, a mAb against α4 that
is not gut-specific. However, its use in patients with
CD has been limited by the development in some
patients of progressive multifocal leukoencephalopathy
(PML), an opportunistic brain infection that is caused
by reactivation of latent JC polyomavirus. Newer
monoclonal antibodies targeting the α4β7 integrin
(vedolizumab, a humanized immunoglobulin G1
monoclonal antibody to α4β7 integrin, selectively
blocks gut lymphocyte trafficking without interfering
[230,231]
with trafficking to the central nervous system)
and β7 subunit of the heterodimeric integrins α4β7
[232]
and αEβ7 (etrolizumab)
are now in late clinical
development.
Evaluation of clinical response: Lack of long
experience managing these compounds, variability in
response and the high economic cost which limits its
use, makes it difficult to find studies which describe
predictors of response within this therapeutic group.
Generally, response can be classified in non-genetic
and genetic predictors.

Anti-TNF-α

Histological changes: The effects of anti-TNF agents
are mediated by multiple mechanisms including
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direct neutralization of soluble TNF and interaction
with membrane-bound TNF. Anti-TNF agents act
by reduction of pro-inflammatory cytokine levels,
elimination or clearance of active inflammatory
cells from inflamed tissue which can conceptually
be achieved by a number of mechanisms including
apoptosis induction, antibody and complement
mediated cytotoxicity and inhibition of cell migration
into the intestinal tissue. Effects of anti-TNF agents
may vary according to their physical contact with TNF,
which may also be influenced by structural differences
in the non-TNF binding domain affecting the ability of
each drug to interact with the immune system.
The binding avidity of infliximab, adalimumab
and etanercept to sTNF and mTNF appears to be
[233]
similar
. But the bond between the anti-TNF agent
and TNF may be reversible and as such, the antiTNF molecule may actually serve as a TNF reservoir.
In support of this possibility, the concentrations
of immunoreactive TNF were shown to rise in the
[234]
[235]
circulation following infliximab
and adalimumab
administration in rheumatoid arthritis, probably due
to drug-TNF complexes. In vitro studies demonstrated
that the rate of dissociation of etanercept from TNF
is higher than that of infliximab and that the released
[236]
TNF was bioavailable .
Infliximab has been shown to inhibit the production
[237]
[238]
in vitro
. Infliximab,
of GM-CSF and IFNγ
adalimumab and certolizumab inhibit the production
of IL-1β from LPS-activated macrophages in CD. Down
regulation of mucosal chemokine molecules following
treatment with Infliximab was also shown in vivo for
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macrophage inflammatory protein (MIP)-1α, RANTES
[Chemokine (C-C motif) ligand 5 (also CCL5)] and
[239]
. Another
monocyte chemotactic protein (MCP)-1
effect, less explored in CD and whose implications
deserve further studies, is the change in tissue cellular
populations following anti-TNF treatment. In one study,
the population of FoxP3 positive cells was found to be
reduced in the mucosa of active CD pediatric patients
and infliximab treatment resulted in an increase on the
[240]
mucosal number of these cells .
[241]
Ten Hove et al
observed apoptosis induction in
mucosal CD3 positive T cells of CD patients treated
with infliximab 24 h after drug administration.
An additional study assessed mucosal biopsies
from CD patients four weeks after treatment with
standard infliximab induction doses and detected
a significant increase in TUNEL-positive mucosal T
[242]
cells
. Recently, another study used SPECT applied
to infliximab-treated CD patients and detected
[243]
positive up take in responders
. A similar profile
of apoptosis induction was demonstrated in vitro for
[244]
adalimumab . However, no apoptosis induction was
observed in vitro with certolizumab.
Another mechanism which is relevant for clearance
of inflammatory cells is cytotoxicity. There is no
study which definitively defines the relevance of
these mechanisms in vivo. However, using Jurkat
cells stably expressing uncleavable mTNF, Mitoma et
[246]
al
demonstrated that infliximab and adalimumab
exerted complement-dependent toxicity (CDC) equally,
etanercept exerted CDC to a lesser extent and all three
agents were capable of inducing antibody-dependent
[245]
cell-mediated cytotoxicity (ADCC)
. Activation of
p38 MAPK was demonstrated both in vitro and in vivo

WJG|www.wjgnet.com

following exposure to infliximab. Differences between
anti-TNF agents exist with respect to functional
[247]
implications of reverse signaling. Kirchner et al
demonstrated that infliximab, but not etanercept
inhibited LPS-induced cytokine secretion but both
inhibited endothelial cell apoptotic factor. Similarly,
infliximab and adalimumab inhibited secretion of IL-10
and IL-12 induced by LPS from monocytes, whereas
[241]
etanercept did not . In a different study, incubation
of intestinal T cells derived from CD patients with
infliximab and etanercept resulted in activation of the
p38 MAPK pathway by infliximab only, although both
[248]
reduced STAT3 activation .
Serological changes: Linked to the GCs chapter,
anti-TNF-α therapies reduce MMP-7 levels but not to
the levels of control patients as in GC therapy. α2M
increase following treatment with infliximab. AntiTNF-α therapy seems to induce α2M in serum, possibly
to control disease activity. Anti-TNF-α therapy does not
[249]
significantly alter serum TNF-α concentrations , and
[250]
TNF-α can itself up-regulate MMP-7 expression
.
This may explain why levels of MMP-7 remained
elevated after anti-TNF-α treatment, compared with
controls. Although TIMP-1 induction has been linked
[251]
to the response to infliximab in CD in adults
,
unexpectedly weak TIMP-1 expression has been
[252]
observed in pediatric IBD .
CD4+ T cells changes: infliximab appears to block
up-regulation of CD73 on CD4+ T cells in response to
TNF, but does not induce apoptosis in cells expressing
[243]
high levels of CD73 ab initio. Doherty et al
speculated that the resolution of the inflammatory
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response induced by infliximab in the lamina propria
results in downstream reduction of the inflammatory
mediators of CD73 expression.
Imaging changes: Recent progress concerning
molecular imaging studies in animals and human
patients implicates that this approach can be used
to improve detection of mucosal lesions in wide-field
imaging and for in vivo characterization of the mucosa
with the ultimate goal of assessing the likelihood of
response to targeted therapy with biological agents.
In a recently published study, using confocal laser
endomicroscopy with a fluorescent antibody in vivo
demonstrated its potential to predict therapeutic
response to subsequent biological treatment in human
patients. As anti-TNF Abs suppress immune responses
in CD by binding to membrane-bound TNF (mTNF)
expressing mucosal cells, in vivo detection of such
cells via fluorescent anti-TNF Abs was used to predict
therapeutic efficacy in CD patients via molecular
[253,254]
imaging
.
Genetics and genomics: Genetic non-response to
Infliximab appears to be stable in time implicating a
genetic influence [patients homozygous for a TNF-α
polymorphism (LTA NcoI-TNFc-aa13L-aa26 1-1-1-1
[255]
haplotype)]
. Previous data have confirmed the
association of the TNFα-1031C allele with CD and
polymorphisms at the TNFα locus have been suggested
[256]
as a tool to predict response to Infliximab
.
[257]
Halavaty et al
reported that polymorphisms
in FasL/Fas system and caspase-9 influenced the
response to infliximab in luminal and fistulizing Crohn’
s disease. In this study, Fas ligand-843 TT genotype
was presented exhibiting the strongest association
with the lack of response, while concomitant 6-MP/
AZA therapy, however, was able to overcome the
effect of unfavourable genotypes in luminal disease.
Another study identified a 100% accurate predictive
gene signature for (non)response to IFX in CD colitis
(TNFAIP6, S100A8, IL11, G0S2, and S100A9),
whereas no such a predictive gene set could be
[258]
identified for CD ileitis . In another interesting study,
several parameters were investigated to determine
[255]
early response to infliximab in patients with UC
.
Homozygous carriers of IBD risk-increasing IL23R
variants were more likely to respond to infliximab
than were homozygous carriers of IBD risk decreasing
IL23R variants. Similar conclusions were reached by
[259]
Rismo et al
who found that high levels of Th17defining cytokine IL-17A and Th1-defining cytokine
IFN-γ can potentially predict a favorable outcome
of infliximab therapy in patients with UC, whereas
Th2 and T-reg related cytokines do not seem to be
useful as predictive markers in relation to therapeutic
outcome.

Anti IL-12/23 and anti-adhesion therapies

Although recently, IL-20, IL-21 and p40 have been
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proposed as potential biomarkers of treatment
response to ustekinumab in psoriasis, no data have
[260]
been published related to IBD until now .

CONCLUSION
In summary, great advances have been made in
the last years for a better comprehension of the
pathogenesis of IBD that undoubtedly will lead us
to develop more accurate therapies and therapeutic
strategies. Alterations in recognition and intracellular
processing of bacterial components with involvement
of ER stress and apoptotic cell death may have a
meaningful role in the immunopathogenesis of the
disease. The weakening of the mucosal defenses
promoting excessive interactions between commensal
microbiota and the mucosal immune system leads to
a loss of tolerance and over-activation of dendritic cells
starting the production of pro-inflammatory cytokines
and a promotion of differentiation of effector T cells
and CD8* lymphocytes. Also active IBD is dependent
on the recruitment of mononuclear cells and leukocyte
populations from the blood stream into the bowel wall.
This recruitment is dependent on a series of steps
coordinated by selective adhesion molecules on the
surface of immune cells and mucosal addressins on
endothelial cells.
SRecent years knowledge in the areas of Immuno
logy and Genetics has allowed to start using some
biomarkers to measure the responsiveness of CD
and UC diseases to certain therapies: mucosal HSP60
and Hsp10 levels in UC treated with 5-ASA; serum
MMP-7 in response to GC therapy; role of 6-TGN and
6-MMP in AZA’s treated patients; inverse correlation
between red blood cells MTXGlu1-5 and MTX efficacy
in CD; through levels of Tac and 2-h CsA blood
concentrations and lately, the likehood of response
to targeted therapies with biological agents using
immune cells imaging.
The goal of physicians treating patients with IBD,
is to have to their disposal a molecular (serum, DNA,
tissue-based) profile of patients which would allow
them to choose the most appropriate management
of the disease: prognosis of the disease outcome,
most adequate therapy for an individual patient to
reach success, most adequate therapy from a safety
perspective, prediction on the intensity of follow-up,
etc. At the moment, only TPMT testing prior to start of
thiopurine analogues has shown clinical applicability,
although it does not replace blood monitoring during
treatment and some authors even defend the idea
that the latest can substitute the former. Other genetic
associations for the different therapeutic classes in
IBD have not yet shown consistent or robust results
but in the close future it is anticipated that this
genetic marker’s determination will be implemented
in an integrated molecular diagnostic and prognostic
approach to manage IBD patients.
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Abstract
The diagnosis and staging of various gastrointestinal
malignancies have been made possible with the use
of endoscopic ultrasound, which is a relatively safe
procedure. The field of endoscopic ultrasound is
fast expanding due to advancements in therapeutic
endoscopic ultrasound. Though various studies have
established its role in gastrointestinal malignancies
and pancreatic conditions, its potential in the field
of hepatic lesions still remains vastly untapped. In
this paper the authors attempt to review important
and landmark trials, case series and case studies
involving hepatic applications of endoscopic ultrasound,
thus not only providing an overview of utilization of
endoscopic ultrasound in various liver conditions but
also speculating its future role.
Key words: Endoscopic ultrasound; Drainage; Liver;
Intrahepatic lesion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To review the available published trials,
case series and case reports, discuss the implications
and the future role of endoscopic ultrasound in the
management of various liver conditions. Through
this review paper we aim to provide a unified one
stop educational experience as we have attempted to
amalgamate all the published data.
Srinivasan I, Tang SJ, Vilmann AS, Menachery J, Vilmann P.
Hepatic applications of endoscopic ultrasound: Current status
and future directions. World J Gastroenterol 2015; 21(44):
12544-12557 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i44/12544.htm DOI: http://dx.doi.
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INTRODUCTION
Since the initial description of endoscopic ultra
sonography (EUS) in 1980’s, EUS has become an
indispensable method not only in diagnosing various
gastrointestinal (GI) lesions but also in performing
[1-4]
various therapeutic maneuvers
. It was the
limitations imposed by standard ultrasonography that
prompted the development of EUS. By placing the
ultrasound transducer within the body, interposed
air filled or bony structures could be avoided and
simultaneously by reducing the distance it became
feasible to adequately visualize deeper structures. The
method is basically an endoscopy with ultrasound at
the tip which helps to visualize not only the GI tract
but also produce images of nearby structures such as
the gall bladder and bile ducts, pancreas, liver, etc.
Echoendoscopes are designed using either a radial or
[1]
curvilinear array system . Radial endosonography
provides a high-resolution, 360 degrees circumferential
imaging of the GI tract and its surrounding structures.
However, it does not allow for fine needle aspiration
(FNA), thus making way for development of the linear
echoendoscope enabling FNA of lesions both within and
[2,3]
adjacent to GI tract . This ability is the cornerstone
of interventional EUS and the method has been proven
safe and reliable in diagnosing various benign and
malignant conditions in the upper and lower GI tract
[3,4]
as well as the mediastinum . When compared with
other techniques EUS-FNA has demonstrated improved
accuracy and cost effectiveness. This was especially
well demonstrated in pancreatic lesions and malignant
[3,4]
tumors of the esophagus .
Till late 1990’s the role of EUS in evaluating hepatic
[5]
lesions was only described in a few case studies
[6]
but the case series by Nguyen et al paved the way.
They theorized that close proximity of the transducer
to lesions coupled with clear visualizations and
accessibility of the left lobe and central segments of the
liver should facilitate the use of EUS in hepatic lesions.
[2]
Since EUS-FNA was first reported in 1992 , we have
seen a tremendous growth of interventional EUS with
various innovations such as EUS guided tru-cut biopsy,
tumor ablative therapy, vascular interventions, and
various transmural drainage procedures. However,
though case series have been described limited trials
advocating the use of EUS for liver lesions have been
published and there are no dedicated guidelines
establishing the role of EUS in hepatic applications at
present. The aims of this review are to summarize the
published reports on hepatic applications of EUS and
to speculate on its future roles.

by the confluence of superior mesenteric vein and
splenic vein) and the hepatic artery (branch of celiac
artery). These vessels terminate at porta hepatis
by dividing into right and left liver branches which
undergo secondary and tertiary divisions to supply
the various segments. Right, middle and left hepatic
veins formed by the union of intersegmental collecting
veins open into the inferior vena cava (IVC). The liver
can subsequently be divided into 8 segments that are
served independently by a secondary or tertiary branch
of the portal triad. The caudate lobe is considered to
be separate as it is supplied by both branches of the
portal vein and drains independently into the IVC via
hepatic veins. It is located posteriorly and considered
to be segment one. The rest of the liver is divided by
the main portal fissure hosting the middle hepatic vein
which extends from the fundus of the gall bladder to
the IVC. The left hepatic vein divides the left lobe into
lateral (2, 3) and medial (4a, 4b) segments. The right
hepatic vein divides the right lobe into anterior (5, 8)
and posterior (6, 7) segments. The portal vein divides
the liver into upper (2, 4a, 8, 7) and lower (3, 4b, 5,
6) segments. The segments are labeled in a clockwise
manner. In a normal frontal view segments 1, 6 and 7
are not visible.

VISUALIZATION OF THE LIVER BY EUS
With currently available echoendoscopes, both
mechanical and electronic transducers can scan over
a range of frequencies ranging between 5 to 20 MHz.
1
Scanning at higher frequencies improves image
resolution but limits the penetration of the ultrasound
beam to 1 to 2 cm from the probe, whereas scanning
with lower frequency provides images of structures
up to 6 to 8 cm from the probe. In 1986, Rifkin et
[7]
al incorporated 9 MHz electronic transducer on to a
traditional fiber optic gastro scope and concluded that
it had a better resolution than 0.5 mm.
Both the left lobe and caudate lobe lie in close
proximity to the stomach and duodenum, hence
providing an easy access during EUS (Figures 2 and
3). The caudate lobe and gastrohepatic space can be
accessed by EUS while these are anatomically more
difficult to approach by trans-abdominal ultrasound.
EUS is limited in its ability to access the portion of the
right lobe adjacent to the dome of the diaphragm along
with its lateral and inferior portions. In spite of this,
most of the right is lobe is visible from the duodenum
as well as the portal hilum with its structures.

PubMed SEARCH
ANATOMICAL DESCRIPTION OF THE
LIVER

th

The adjacent organs next to the liver include the
stomach and duodenum (Figure 1). The liver has
a dual blood supply with the portal vein (formed
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On December 20 , 2014, the authors performed
PubMed search using these key word sets: EUS in
combination with hepatic lesion, hepatic application,
hepatic intervention, hepatocellular carcinoma, and
hepaticogastrostomy (HGS). The inclusion criteria
are: (1) english language publications only; (2) EUS
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Branches of hepatic veins

Branches of portal veins

Figure 1 Illustrations of liver and its surrounding stomach and duodenum. A: The liver can subsequently be divided into 8 segments that is served
independently by a secondary or tertiary branch of the portal triad. B: The left hepatic vein divides the left lobe into lateral (II2, III3) and medial (IV4a, IV4b) segments.
The right hepatic vein divides the right lobe into anterior (V5, VIII8) and posterior (VI6, VII7) segments. The portal vein divides the liver into upper (II2, IV4a, VIII8, VII7)
and lower (III3, IV4b, V5, VI6) segments. The segments are labeled in a clockwise manner. In a normal frontal view segments I1, VI6 and VII7 are not visible.

A

B

C

D

Figure 2 Selected computerized tomography scan images showing the liver and its surrounding stomach and duodenum. Both the left lobe and caudate lobe
lie in close proximity to stomach (blue colored asterisk indicated gastric lumen) and duodenum (yellow colored asterisk indicated bulb and duodenal lumen), hence
providing an easy access during endoscopic ultrasonography (EUS). The caudate lobe and gastrohepatic space can be accessed by EUS while are anatomically
difficult to approached by trans-abdominal ultrasound. EUS is limited in its ability to access the portion of the right lobe adjacent to the dome of the diaphragm along
with its lateral and inferior portions.

is utilized; and (3) case report, series, clinical studies,
potential hepatic applications in animal models, reviews
on this topic. The authors excluded reports about EUS
utilization in extrahepatic bile duct, gallbladder, and
other extrahepatic structures except in management
and diagnosis of complications of portal hypertension.
We also excluded intraductal EUS application. Each
published paper was reviewed and only important
information was extracted for this review. Initial search
yielded 731 articles out of which 584 were discarded
as they did not meet the inclusion criteria. Please refer
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to the attached PubMed result search flow sheet for
further details (Figure 4).

ROLES OF EUS IN THE EVALUATION OF
HEPATIC LESIONS
Focal liver lesions

Diagnostic EUS: Focal liver lesions include both
benign (such as hepatic cysts, abscess, adenoma or
hemangioma) and malignant (such as hepatocellular
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A

B

C

D

E

F

Figure 3 Endoscopic ultrasound images of the hepatic structures with the tip of the linear echoendoscope at different positions. A: Endoscopic ultrasound
(EUS) image of the left liver lobe with the diaphragm. The image is obtained from the cardia region; B: EUS image of the left liver lobe with the inferior vena cava
and a hepatic vein; C: EUS image of the liver at the portal ligament region showing from the transducer, the hepatic artery, the portal vein and a short segment of the
common bile duct. The transducer is located in the stomach; D: EUS image of the liver looking over the hepatic dome; E: EUS image of the right hepatic lobe. Note
the shadows from the ribs at the anterior abdominal wall; F: EUS image of the liver with the gall bladder. The transducer is located in the first part of the duodenum.

carcinoma, intrahepatic cholangiocarcinoma, biliary
cystadenoma, and metastatic liver disease) lesions
(Figure 5 and Table 1). These lesions were most
often diagnosed by either abdominal imaging or
by percutaneous tissue diagnosis. The last 15 to
20 years have seen rapid advancements in the
applicability of EUS, especially combined with FNA
[8,9]
cytology. Studies
have not only established its
efficacy in evaluating intra-abdominal lesions but in
[10]
also staging
of various GI tumors. However it was
[5]
not till 1999 when EUS was used for clinical imaging
[11,12]
of the liver. Studies
comparing intraoperative
ultrasound to preoperative computed tomography
(CT) scan and magnetic resonance imaging (MRI) had
proven it to be superior owing to the proximity of the
ultrasound probe to the liver parenchyma and the use
of color flow Doppler - hence the idea of EUS for liver
[6]
lesions was considered. Nguyen et al evaluated the
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liver in 574 consecutive patients undergoing upper
EUS examination for suspicion or history of GI or
pulmonary tumor: 15 liver lesions were identified (5
were in the right lobe and 9 were in the left lobe) and
underwent EUS-FNA, 14 of them were found to be
malignant (one of the patients underwent FNA of two
lesions as the first lesion revealed normal cytology).
Surprisingly CT scan done prior to EUS identified only
3 of these liver lesions: 12 of the 15 lesions were less
than 2 cm. Thus EUS became recognized as a modality
to help detect small focal liver lesions. This was also
demonstrated by a retrospective study reported by
[13]
Prasad et al
where in liver lesions as small as 5
mm not seen by previously conducted noninvasive
imaging were detected by EUS. The detection of
metastatic disease is particularly important as it
influences management of these patients. It is
important to realize that EUS is a semi-invasive test

12547

November 28, 2015|Volume 21|Issue 44|

Srinivasan I et al . Hepatic applications of endoscopic ultrasound

After manual review
and cross reference search

Inclusion criteria (filter):
1. English Publications only
2. EUS is utilized
3. Case report, series, clinical studies, animal
models, reviews

EUS and Liver:
509 papers

EUS and Liver:
63 papers

EUS and Liver:
22 papers

EUS and Hepatic:
143 papers

EUS and Hepatic:
32 papers

EUS and Hepatic:
44 papers

EUS and Hepatic
intervention:
13 papers

EUS and Hepatic
Intervention:
1 papers

EUS and Hepatic
Intervention:
4 papers

EUS and Hepatic
application:
5 papers

EUS and Hepatic
application:
3 papers

EUS and Hepatic
application:
2 papers

EUS and HCC:
29 papers

EUS and HCC:
19 papers

EUS and HCC:
8 papers

EUS and HGS/RV/AG:
120 papers

EUS and HGS/RV/
AG: 39 papers

EUS and HGS/RV/
AG: 24 papers

Figure 4 PubMed result search flow sheet. PubMed search was performed on December 20, 2014. EUS: Endoscopic ultrasound; HCC: Hepatocellular
carcinoma; HGS: Hepaticogastrostomy.

with complications. Two patients in this study had
duodenal injury. Hence, though the data appears
promising more studies are needed to compare
the risk benefit ratio and to establish a protocol for
[14]
detection of liver masses. Awad et al then evaluated
14 consecutive patients with a history of a known liver
mass. They underwent both dynamic CT scan and
EUS. EUS not only identified the lesions in all the 14
patients but it also recognized 4 new lesions smaller
than 0.5 cm which had not been visualized by CT scan.
[15]
In 2002 Tenberge et al
published a retrospective
study wherein they sent a questionnaire to EUS-FNA
centers around the world. Out of the 130 centers, 21
of them reported 167 cases of EUS-FNA of the liver
with a complication rate of only 4%. Further, it helped
to diagnose malignancy in cases of non-diagnostic
FNA obtained under trans-abdominal ultrasound and
localize primary tumor in cases where CT only reported
liver metastasis. Thus the authors concluded that EUSFNA of the liver was a safe procedure which should
be considered in case the lesion is not accessible by
trans-abdominal ultrasound or CT or when FNA is non
diagnostic by these methods or when a liver lesion
is detected during routine EUS. As described in the
anatomy section EUS provides good visualization of
the left hepatic lobe and EUS-FNA of liver lesions may
provide important management information especially
in case of detection of metastasis or hepatocellular
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carcinoma. Further it is hypothesized that in patients
with cirrhosis percutaneous biopsy may be difficult
owing to presence of ascites and coagulopathy.
In such cases EUS may be a safer option as the
transducer is only 1.5-3 cm away from the lesion and
biopsy occurs under EUS guidance. A retrospective
[16]
study
of 77 patients who underwent EUS FNA of
various solid liver lesions helped to detect malignancy
in 41% of patients who had previously had negative
examination. This was the first study to include both
malignant and benign lesions. They concluded that
sensitivity of diagnosing malignancy ranged from 82%
to 94% (7 patients from the nonmalignant group
died without follow up imaging, biopsy or autopsy
and hence could not be classified) and this group
did not have any complications. The presence of two
or more lesions with regular outer margins is more
indicative of a malignant lesion. In a prospective study
[17]
by Hollerbach et al
EUS-FNA provided appropriate
biopsy specimen in 40/41 patients with an average of
1.4 needle passes. On combining both histological and
cytological examination of the specimens they had a
sensitivity of 94% and a specificity of 100% with a low
2.5% rate of minor complication. A Fritscher-Ravens et
[18]
al reported a case series of 10 patients with a biliary
stricture at the hepatic hilum who underwent EUS-FNA.
In 9/10 patients’ adequate specimens were obtained
and 8 of these lesions were found to be malignant
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D

Figure 5 Endoscopic ultrasound image of lesion in the liver. A: Endoscopic ultrasound (EUS) image of an 8 mm metastatic lesion in the liver; B: Endoscopic
ultrasound (guided biopsy from the same lesion; C: EUS image of a 25 mm lesion in the liver; D: EUS guided aspiration biopsy from the same lesion.

but one lesion was falsely identified as benign. This
study highlights an important implication of EUS as
various advances are being made in the management
of cholangiocarcinoma, thus it is imperative that we
have not only have accurate diagnosis but also stage
the disease adequately. Studies so far have revealed
that brush cytology from endoscopic retrograde
cholangiopancreatography (ERCP) has variable sen
[19]
sitivity. Ryan
reported a sensitivity of only 44%
[20]
while Glasbrenner et al
reported a sensitivity of
[21]
80%. Subsequently Crowe et al
in 2006 compared
34 percutaneous CT-FNA liver biopsies to 16 EUS-FNA
liver biopsies and concluded that though they were
comparable in terms of diagnostic utility for hepatic
lesions, EUS was limited in its ability to access the
portion of the right lobe adjacent to the dome of the
diaphragm along with its lateral and inferior portions.
Thus, EUS is an important tool to use in adjunction
with other noninvasive imaging methods to not only
detect occults metastasis but also to diagnose focal
malignant lesions more so in the left hepatic lobe.
More recently, EUS elastography used for visua
[22]
lization of tissue elasticity during routine EUS
is an
upcoming modality for diagnosing focal liver lesions.
It is based on the same principle of trans-abdominal
elastography but it offers an additional advantage of
comparing the echoes over several seconds of normal
breathing and blood circulation thus overcoming the
need for applying manual pressure. This technique was
[23]
utilized by Rustemovic et al in diagnosis of focal liver
masses Since the malignant tumor tissue is harder

WJG|www.wjgnet.com

than benign tumors, efforts have been made to utilize
this modality in differentiating benign from malignant
tumors. This principle was already established in other
[24]
[25]
[26]
tumors such as prostate , pancreas and breast .
[27]
In 2008 Kato et al
established that intraoperative
usage of real time elastrography could help distinguish
between HCC and metastases by dividing the tumors
into four different types based on elasticity. In 2012,
[28]
Sandulesco et al
published a pilot study using real
time sonography to differentiate focal liver lesions and
concluded that the sensitivity, specificity, and accuracy
of differentiation of benign and malignant masses were
[29]
92.5%, 88.8%, and 88.6%, respectively. Hara et al
described a novel approach to assess vascular invasion
at the hepatic hilum by using the linear scanning
which they postulated had a superior visualization of
abdominal vessels than radial scanning.
Therapeutic EUS in focal liver lesions: More
recently there are case reports pushing the frontiers
of EUS from being just a diagnostic tool to one with
therapeutic benefits. EUS guided ethanol injection in
treatment of hepatic metastasis was first described in
[30]
[31-33]
2002 . Since then few more cases
have been
reported but unfortunately there are no long term
data or larger case series to draw any significant
[34]
conclusions. In 2011 Di Matteo et al
described
the use of Nd: YAG laser ablation of hepatocellular
carcinoma in the caudate lobe. More recently fiducial
placement for stereotactic body radiation under EUS
guidance for hepatic and pancreatic malignancies was
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Table 1 Reported diagnostic yields of endoscopic ultrasound guided fine needle aspiration of hepatic solitary lesions
Ref.

Patient number/lesion sampled

Diagnostic yields

Nguyen et al[6]
Awad et al[14]

574/15
14/9

TenBerge et al[15]

167/167

CT before EUS depicted liver lesions in 3 of the 14 patients (21%)
EUS identified additional lesions in 28% of the patients and changed clinical management in 67% of
the patients
EUS-FNA diagnosed malignancy in 89% of cases after non diagnostic FNA under trans abdominal
US guidance
45 (58%) were diagnostic for malignancy, 25 (33%) were benign and seven (9%) were non
diagnostic. EUS detected malignancy in 41% of patients with previously negative exam
With combination of histological and cytological examination sensitivity and specificity for
detecting malignancy was 94% and 100%
Diagnostic of malignancy in 15 (6.8%) 5 of whom (2.3%) had normal imaging prior
Diagnostic of malignancy in 56% of the cases, comparable to CT scan
The sensitivity of EUS-FNA for liver lesions was 80%. These lesions were not evident on prior
noninvasive imaging
The diagnostic accuracy of EUS/EUS-FNA and CT scan was 98% and 92% respectively

DeWitt et al[16]

77/77

HollerBach et al[17]

41/41

Prasad et al[13]
Crowe et al[21]
McGrath et al[105]

222/21
50/16
98/5

Singh et al[106]

132/26

EUS: Endoscopic ultrasonography; FNA: Fine needle aspiration; CT: Computed tomography.

[35]

reported

.

Hepatic cysts

With the increasing imaging using ultrasound and CT
scan, simple hepatic cysts are now routinely detected
[36]
in 2.5%-7% of the population . In majority of the
time they are asymptomatic and need no further
treatment. Only 10%-16% of such cysts are producing
symptoms such as abdominal pain, hepatomegaly,
early satiety, bile duct compression necessitating the
need for treatment. Traditionally a surgical approach
(complete cyst excision or fenestration of cyst) or
percutaneous aspiration were the modalities used to
treat large symptomatic hepatic cysts. Percutaneous
aspiration is associated with a recurrence rate of
[37]
[38]
nearly 100% in 2 years . In 1985 Bean and Rodan
described successful percutaneous aspiration of 6
hepatic cysts followed by sclerotherapy with alcohol.
No recurrence was noted during a 6-18 mo follow up
period. These authors concluded that alcohol caused
cellular destruction followed by fibrotic obliteration
of the cysts. Since then multiple studies have estab
lished the efficacy of percutaneous aspiration with
[39]
sclerotherapy. Lee et al
conducted a retrospective
study where he hypothesized that EUS guided
aspiration and lavage therapy without a percutaneous
drainage catheter, would enable it to be performed in
a single step. A total of 17 patients with 19 hepatic
cysts were enrolled with a median cysts volume of
368.9 mL. Ten cysts were drained by a percutaneous
approach and 8 cysts underwent EUS guided aspiration
and lavage treatment. In a 15-mo follow up the EUS
guided group showed 100% reduction. The authors
concluded that EUS guided drainage was a safe
method for left sided hepatic cysts while percutaneous
catheter drainage is preferred for large right sided
cysts.

Hepatic abscesses

Hepatic abscesses are collections of infected materials
in the parenchyma which usually develop directly from
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the biliary tree or from extension of intra-abdominal
infection or hematogenously from bacteremia.
Conventionally hepatic abscesses have been treated
[40,41]
with either surgical or percutaneous drainage
.
Owing to high morbidity and mortality (almost 32%)
[40,41]
associated with surgical drainage
. percutaneous
drainage with success rates of 80%-100% has
[42]
emerged as the first line of therapy . Unfortunately
[43]
this is also associated with certain side effects
such as injury to surrounding vascular structures,
[44]
intraperitoneal bleeding, hepato-venous fistula
and patient discomfort due to external drainage. EUS
[45]
guided hepatic abscess drainage
was suggested as
an alternative to overcome some of the complications.
As described before, both the left lobe and caudate
lobe lie in close proximity to the stomach and
duodenum, hence providing an easy access during
[45]
EUS. In 2005 Seewald et al
described a case report
of a large hepatic abscess in the lateral segments of
the left lobe that did not resolve with one week of
intravenous antibiotic therapy. The authors performed
EUS guided transgastric drainage of the hepatic
abscess. At 6 mo follow up the patient still remained
[46]
asymptomatic. In 2010 Noh et al
described a
case series of three hepatic abscesses localized to
the caudate lobe and the gastrohepatic space which
were anatomically difficult to drain percutaneously.
These patients underwent EUS guided drainage
and had complete resolution on follow up. The EUS
method was hypothesized to be better as it provided
excellent visualization of the abscess cavity and the
close approximation of the transducer to the cavity
wall aided in direct passage of the needle into the
cavity. Color Doppler prevented accidental puncturing
of interposed vessels. A total of 7 cases have been
reported with no single complication and a success rate
[47]
of 100% . Moving forward we need further studies
to establish its efficacy and recommend as a standard
therapy. Further, its use may be limited in right sided
abscesses. As of now it can be offered to patients as
an attractive alternative especially if percutaneous
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drainage fails.

Hemobilia

[48]

With the advent of invasive hepatobiliary procedures
such as percutaneous biopsy, biliary drainage and
transhepatic cholecystography the incidence of
hemobilia has been on a rise. Most common causes
include accidental or iatrogenic trauma. The bleeding
[48]
typically starts within 4 wk
of the trauma though
cases with longer time periods have been reported.
They are most commonly diagnosed by hepatic
[49]
angiography and often treated with embolization .
[50]
Cattan et al
described a case report where in
hemobilia occurred nearly 4 mo after hepatic injury
and was diagnosed successfully by EUS. The patient
underwent upper endoscopy with both front viewing
and side viewing endoscopy along with EUS which
revealed the presence of mobile hyperechoic material
with no acoustic shadow in the bile duct and gall
[51]
bladder suggestive of hemobilia. Trakarnsanga et al
described another case where a patient presented
with abdominal pain and jaundice and underwent
EUS with Doppler which revealed a large cystic lesion
with a detectable to and fro color flow arising from
the common hepatic artery. Diagnosing hemobilia is
always challenging, ultrasound and CT scan help by
detecting the presence of hematoma or arteriovenous
fistula. On occasions they may also detect blood
clots in the bile ducts, however these findings are not
[52]
always present . Hence we postulate that in cases
of unexplained GI bleeding especially after hepatic
trauma, certain imaging studies such as EUS should be
considered.

Portal hypertensive complications and hepatic cirrhosis

The past decade has seen increasing interest in using
EUS for not only early diagnosis of portal hypertension
but also for treatment of varices. EUS combined with
the Doppler technique helps in the detailed evaluation
[53]
of the distal esophagus. Though initial studies
were
[54]
not encouraging, later studies
showed that EUS
could adequately identify high risks of bleeding by
determining the size of the varix. Careful examination
of the gastroesophageal junction with upper endoscopy
helps to identify large varices, however small varices
and gastric varices may be missed. In a study by
[55]
Choudhuri et al , gastric varices were detected more
often with EUS than with endoscopy alone. In addition
EUS can also help to identify deep venous plexus such
as peri-esophageal and para-esophageal varices. In
[56]
his study, Lee et al compared cirrhotics and patients
with dyspepsia to assess gastroesophageal varices
and extra luminal venous abnormalities. EUS detected
gastric varices in 30.8% when compared to 17.3%
detected via upper endoscopy alone. Further with EUS
extraluminal venous abnormality was noted in 92%
of people with cirrhosis. These changes include early
formation and engorgement of collateral vessels in the
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distal esophagus, proximal stomach and splenic vein.
Thus there is a potential for possible early detection of
cirrhosis as these changes cannot be seen by regular
endoscopy. This was further demonstrated by a study
[57]
done by Mckiernan et al
in Birmingham, United
Kingdom where 16 children with intestinal failure
underwent both endoscopy and EUS to assess for
the need of combined intestinal and liver transplant if
indicated by presence of intestinal failure associated
liver disease. In 7 patients gastroesophageal varices
was only detected by EUS and not by regular
endoscopy thus resulting in fewer liver biopsies in this
subset of patients. Various studies conducted over the
last decade helped to establish that EUS can also be
used to predict the recurrences of esophageal varices
[58]
after therapy. Irisawa et al
in 2001 published a
retrospective study of 38 patients who had undergone
endoscopic injection sclerotherapy. Presence of
severe type peri-esophageal collateral veins and large
perforating veins were associated with increased
[59]
recurrence of esophageal varices. In 2003 he studied
18 patients and concluded that para-esophageal
collateral veins detected after the sclerotherapy
[60]
sessions predicted recurrence. Sato et al
studied
306 patients whose varices had been treated with
endoscopic injection sclerotherapy with endoscopic
color Doppler ultrasonography and concluded that
presence of patent inflowing perforating veins before
and after sclerotherapy was predictive of early variceal
recurrence. Presence of severe cardial sub mucosal
[54]
veins and severe grade perforating veins
and
presence of rapid hepatofugal flow velocity of 12 cm/s
or more (The group tested a variety of cutoff points
from 5 to 18 cm/s, and chose 12 cm/second as the
cutoff point since it gave the maximal differences in
prognoses between the low- and high-risk groups) in
[61]
the left gastric vein
have also been reported to be
associated with early recurrence of esophageal varices
after treatment. Benefits of EUS extend not only to
diagnosis but studies have shown therapeutic benefits
as well. Especially in fundal varices which are not
amenable to band ligation, EUS guided techniques such
[62]
as injection of cyanoacrylate
and/or cyanoacrylate
[63]
with coiling
eradicating of gastric varices have been
[63]
useful. Romero-Castro et al conducted a multicenter
study comparing cyanoacrylate against EUS guided
coil application. Though it was a small non randomized
group, the EUS guided coil application group required
fewer endoscopies and had fewer adverse effects. In
[64]
a randomized control trial by de Paulo et al , EUS
guided sclerotherapy was proven to be as effective as
endoscopic sclerotherapy. However larger randomized
controlled trials are needed to substantiate the claim.
[65]
Initially described in 1969 , transjugular intra
hepatic portosystemic shunt has certainly come a
long way to becoming an effective tool in the manage
[66]
ment of portal hypertension , especially in the
management of refractory ascites and variceal bleeding
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[67]

not responding to endoscopic therapy . With the
emerging role of EUS in diagnosis and management
of various hepatobiliary conditions there have been
studies conducted which push the boundaries a bit
[68]
further. In 2004 Lai et al
demonstrated for the first
time the feasibility of EUS guided extrahepatic portal
vein puncture and portography in an animal model.
[69,70]
Since then few studies
on porcine models have
established the efficacy and feasibility of EUS guided
portal vein catheterization in portal angiography and
portal vein pressure measurements. Subsequently, in
[71]
2009 Buscaglia et al
reported the first successful
endoscopic creation of intrahepatic portosystemic
shunt (IPSS) in 10 porcine models without any
complications. They concluded that their technique
of EUS guided IPSS was technically feasible and a
comparative alternative with few advantages such
as avoiding the entrance through heart or IVC and
decreasing the radiation exposure to both the patient
and physician. Further studies are needed with
[72]
large diameter covered stents , deployment of
the proximal end of the stent into the hepatic vein[73]
IVC confluence to promote stent patency
and in
cirrhotics to test the safety of this technique prior to
conducting human studies.
Detection of fibrosis of the liver has important
management implications and although liver biopsy
is still considered “a gold standard”, studies have
proven this technique to be less perfect owing to
[74]
sampling errors, inter-observer variability
and
[75]
complications . Various serum markers and imaging
[76]
[77]
tests such as FibroScan (EchoSens, Paris, France)
have been developed and are being tested to assess
their efficacy in staging the liver disease. In 2009,
[78]
Rimbaş et al
postulated that mapping of the tissue
elasticity distribution might prove to be useful in
accurately determining stages of liver disease. He
further commented that in comparison to FibroScan,
real time EUS elastography not only allows for
estimation of liver stiffness in all patients (irrespective
of obesity) but it can also differentiate between
steatosis and fibrosis thus giving it an edge. Further
studies are needed to confirm these hypotheses.

Portal vein

In patients undergoing extensive hepatectomy
preoperative embolization of portal vein branches
causing atrophy of the segments to be removed
with subsequent compensatory hypertrophy of the
[79]
remaining segments
has proven to be safe and
[79,80]
[81]
effective
. Matthes et al
reported the first
successful EUS guided selective embolization of
the portal vein with Enteryx (ethylene-vinyl alcohol
copolymer) in a single swine model. The group thus
concluded that EUS guidance appears to be feasible
and a potential minimally invasive preoperative
treatment option for patients undergoing extensive
hepatectomy. Moving forward more studies need to be
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conducted to establish its clinical efficacy.

INTRAHEPATIC BILE DUCT
Currently ERCP is considered be a gold standard for
relieving biliary obstruction and when this fails the
only alternative is surgery or percutaneous approach
both of which are unfortunately associated with
[82]
higher mortality and morbidity . With the advent
of EUS and the easy access of left hepatic duct
from the gastric wall paved the way for EUS guided
transgastric approach to biliary system. This was
[83]
initially described
in patients with biliary obstruction
who had failed either endoscopic or percutaneous
[83]
transhepatic drainage by Giovannini et al
in 2003.
[84,85]
Following this few more case reports
were
published expanding interventional EUS guided biliary
drainage as an attractive alternative. Subsequently,
[86]
Bories et al
published a pilot series of 11 patients
who underwent EUS guided transgastric drainage
of the left hepatic system. Out of 11 patients the
procedure was a success in 10 of them. Panpimanmas
[87]
et al also reported successful EUS guided HGS in two
patients with hilar cholangiocarcinoma who had failed
ERCP. Currently there are three endoscopic drainage
[88,89]
procedures
described in the literature which
includes above mentioned EUS-guided transluminal
biliary drainage including choledocoduodenostomy and
hepaticogastrostomy (EUS-HGS), EUS-rendezvous
technique (EUS-RV), and EUS-antegrade approach
(EUS-AG) of which EUS-HGS is indicated in cases of
surgically altered anatomy and duodenal obstruction
with tumor invasion that precludes the passage of
echo endoscope. There are certain limitations to this
[90]
approach as were listed by Itoi et al
in his review
such as nonapposed gastric wall and left liver lobe
causing procedure failure, difficulty of puncture in
cases of liver cirrhosis and risk of puncturing the
[91]
portal vein. A multicenter retrospective study
was
conducted across seven tertiary centers in Japan
where 64 patients were enrolled. Out of these 20 of
them underwent EUS-HGS. Technical success rate
was 95% but the stent dysfunction rate and 3 mo
dysfunction free patency rate was 32% and 51%
respectively with 6/20 patients experiencing procedure
related complications. The most common complications
associated with this include bile leakage and stent
misplacement. EUS guided ante grade stenting (EUSAS) was developed as an alternative to reduce the
[92]
complications. Ogura et al
described a pilot study
in 12 patients where he combined the EUS-HGS with
EUS-AS of the biliary obstruction using an uncovered
metallic stent. At the time of follow up only one patient
[93]
had experienced mild pancreatitis. Ogura et al
also
described a novel method called locking stent method
using the end-bare covered metallic stents to prevent
stent dysfunction. Initially its scope was limited only to
[94]
the left intrahepatic drainage but in 2014 Ogura et al
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described a successful biliary drainage of hepatic hilar
obstruction further expanding its horizons. EUS-RV
technique is indicated when the biliary cannulation fails
or there is a biliary stricture that cannot be passed. It
involves creation of temporary fistula using EUS and
placement of guidewire via the biliary duct and ampulla
into the duodenum. After this ERCP is re attempted to
cannulate the bile duct using the guidewire. It can be
divided into two types transhepatic and transduodenal.
Transduodenal can be further divided into two types
according to the endoscope position: long (push)
[95]
[96]
and short (pull) . In 2004 Mallery et al
described
feasibility of rendezvous technique for biliary drainage
[97,98]
in 6 cases. Few studies
with over 40 patients have
been published which have reported technical success
rate in 60’s and 70’s. A retrospective study by Dhir et
[99]
al
comparing the precut papillotomy to Rendezvous
technique in patients with failed cannulation revealing
higher success rate with EUS-RV.
EUS guided antegrade techniques are suitable for
[100]
patients with altered surgical anatomy
or upper
intestinal obstruction which prohibits the scope from
reaching the biliary orifice. It involves accessing the
intrahepatic biliary duct by creation of a temporary
fistula between the intestine and IHBD followed by
dilation of the fistula with subsequent stent placement
or balloon dilation for biliary obstruction.
[101]
Park et al
in 2012 successfully described EUSguided transhepatic antegrade balloon dilation in a
45-year-old female with hepaticojejunostomy. She
had presented with bilioenteric anastomotic stricture
and had failed deep enteroscopy with a pediatric
colonoscopy and double balloon enteroscope. Further
[102]
in a prospective series by Park et al
14 patients
underwent antegrade technique out of which it was
successful in 8 of them. A retrospective study by Shah
[103]
et al
reported a success rate of 81%.
[104]
In 2013, Park et al
published a prospective
series in which he not only described but also
evaluated the technical feasibility and safety of EUSguided hepaticoduodenostomy (EUS-HD) in cases
of isolated right intrahepatic duct (IHD) obstruction.
EUS guided cholangiography of the right IHD
was successfully performed in all 6 patients and
he described 3 kinds of approaches: (1) using a
cholangiogram obtained by EUS-guided transduodenal
puncture of the right hepatic duct as a “roadmap”
to assist retrograde cannulation; (2) EUS-guided
antegrade transanastomotic balloon dilation with or
without stenting; and (3) EUS-BD with transluminal
stenting between the right hepatic duct and the
duodenal wall as an antegrade bypass stenting.
Though it is an attractive alternative to PTBD in
patients with isolated IHD more studies are needed to
establish its efficacy.

established tool for upper GI and pancreatic app
lications, the authors believe that its indications
and utilizations in hepatic pathologies are underrecognized. For example, EUS is able to depict and
biopsy even small solid lesions in the liver that are
either not visualized by other imaging modalities or
visualized during routine staging procedures of GI or
pulmonary cancers. However, its diagnostic role for
hepatic applications is at present not fully defined.
Comparative studies are needed. The therapeutic role
of EUS in hepatic applications is increasing in particular
regarding internal drainage procedures in patients with
intrahepatic abscesses in the left lobe and in patients
with biliary obstruction and altered anatomy of the
GI tract. However close monitoring of the results is
mandatory due to the risk of complications such as bile
leakage.
EUS is definitely one of the most emerging
technologies with significant clinical ramifications.
There has also been a substantial interest in the future
roles of EUS. The authors expect future development
and expanded hepatic applications of EUS in two
directions: improved diagnostic yield and evolved
indications with new EUS imaging technologies and
hard wares, and growth in therapeutic EUS with new
EUS and other endoscopic devices. Since the left lobe
and caudate lobe lie in close proximity to stomach
and duodenum, providing an easy access during EUS,
more EUS applications should be seen within left,
caudate lobe, and gastrohepatic space. With current
technology, EUS is limited in its ability to access the
portion of the right lobe adjacent to the dome of the
diaphragm along with its lateral and inferior portions,
trans-abdominal ultrasound can complement EUS and
achieve total hepatic coverage by ultrasound imaging.
Interventional EUS and/or trans-abdominal ultrasound
can be utilized to approach various pathologies
associated with hepatic parenchyma, intrahepatic
biliary system, and vascular structures. The authors
expect to see more EUS guided injection ablative
therapy for hepatic tumors or cysts with ethanol,
sclerosant, chemotherapeutics, and biologics, and
EUS guided fiducial placement for stereotactic body
radiation.

CONCLUSION
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Hepatitis B is one of the leading causes of liver cancer
worldwide and unfortunately the number of people
affected with hepatitis B virus (HBV) infection is still on
the rise. Although the HBV has been known to cause
fatal illness since decades but the population effected
by this lethal virus have still only a few options for its
management. The major treatment strategies include
interferons and nucleos(t)ide analogues. These agents
have so far produced unsatisfactory results in terms
of complete virus eradication. Interferons cannot be
used for long term therapy because of their potential
side effects. Prolong treatment with nucleos(t)ide
analogues has also been reported to cause serious side
effects besides the increasing resistance by the virus.
The need for new innovative solutions for treatment
of HBV has been realized by global research institutes
and pharmaceutical industry. Present review focuses
in detail on the new ideas that are being transformed
into therapeutic tools for use as future therapies in
HBV infection. Modern drug designing and screening
methods have made the drug discovery process shorter
and more reliable. HBV therapeutics will take a new
turn in coming years owing to these intelligent drug
designing and screening methods. Future therapy of
HBV is aiming to include the use of vaccines (both
prophylactic and therapeutic), immunomodulators such
as antibodies, non-nucleoside antivirals such as RNAi
and inhibitors of viral life cycle.
Key words: hepatitis B virus treatment; hepatitis B
virus vaccines; Immunomodulators; Non-nucleoside
antivirals; Nucleoside analogues
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: The need to develop new therapeutic agents
for hepatitis B virus treatment is the motivation
factor for many research groups and pharmaceutical
industries worldwide. The therapies in development
from immunomodulation agents to non-nucleoside viral
inhibitors hope to replace the current treatments with
the promise of increased efficacy, minimum side effects
and shorter duration of cure.
Manzoor S, Saalim M, Imran M, Resham S, Ashraf J. hepatitis
B virus therapy: What’s the future holding for us? World J
Gastroenterol 2015; 21(44): 12558-12575 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i44/12558.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i44.12558

INTRODUCTION
Chronic hepatitis B virus infection (CHB) lies among
chief public health threats globally and is basically
a main reason for the development of liver cirrhosis
and hepatocellular carcinoma with substantial disease
burden; therefore representing the high unmet
[1]
medical requirement . Almost more than five hundred
million people are projected to be persistently infected
with the hepatitis B and C virus and they are at high
risk of developing chronic liver disease (CLD), cirrhosis
and hepatocellular carcinoma (HCC) ultimately.
hepatitis B virus (HBV) is 3.2 kb, partially doublestranded DNA enveloped virus capable of infecting
[2]
hepatocytes. It belongs to the family Hepadnaviridae .
Currently there are eight HBV genotypes ranging
[3,4]
from A-H
. Its virion particle consists of a core
particle encapsulating the viral genome, polymerase,
nucleocapsid protein, besides a lipoprotein envelope
containing viral antigens. There are four major open
reading frame sin viral DNA genome that include: (1)
The pre-core/core gene, that codes for nucleocapsid
protein and for the non-structural, secreted, precore protein, and hepatitis B e antigen (HBeAg); (2)
polymerase gene that codes for enzyme, RNase H
reverse transcriptase, and terminal protein domains;
(3) PreS2/M-, PreS1/L-, Surface/S-gene that code
for the 3 envelope proteins; besides (4) X gene, that
[5,6]
codes for regulatory X-protein . Molecular virology
[7]
of HBV dictates that it is not directly cytopathic and
upon infection, it remains in latent state within the
[8]
hepatocytes .
Increasing evidence showed that distinct geographic
distributions of HBV genotypes may influence disease
severity and response to treatment. It has been
observed that HBV genome integration witint host
chromosome is not vital for life cycle of HBV. The
disease progression by HBV depends upon the clinical
spectrum that is wide, ranging from a subclinical
inactive carrier state, to advanced chronic hepatitis,
cirrhosis that leads to decompensation, and ultimately
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culminating in hepatocellular carcinoma. The lifecycle
[6]
of HBV within a cell is shown in Figure 1 .
The dynamic natural history of CHB infection
involves a complex interaction between the host
immune system and the virus. During the course of
chronic exposure to HBV, persistent inflammation
process accompanies liver damage and cell death.
[7]
These elements lead to chronic liver disease . Carriers
[2]
of HBV are susceptible to the development of
cirrhosis and decompensation within liver along with
100-fold high risk of development of hepatocellular
[1,9-11]
carcinoma (HCC)
. Viral proteins play their roles
through altering gene expression. These proteins
augment oncogenesis, metastases and resistance
to apoptosis and growth inhibition. HBV genome
contains a gene coding for the HBx protein that has
been studied to potentially contribute in inducing
hepatocytes malignancy and transformation. However
there are immense number of unanswered questions
within the process of developing and progression of
carcinogenesis by the virus as well as the perturbed
signaling pathways within the liver. Virologists are
following the trend of research that is focused on life
cycle of the virus as well the cell signaling pathways
that are disturbed during pathogenesis leading to
the development of cancer. The most obvious and
prominent reason for poor management of HBV
infection is delayed detection/diagnosis or detection
at the stage where the liver has reached to end stage
liver disease. Therefore, timely diagnosis and CHB
treatment is vital for the reduction of mortality and
[1]
morbidity . There are many key factors that impede
adequate treatment like: apprehensions to initiate,
[12]
end, financial cost and resistance of therapy .
However, obstacles HBV-related chronic liver disease
may be compact by viral suppression. There are
following goals of the therapy: to improve quality of life
and promote survival by prevention of advancement to
cirrhosis and decompensated cirrhosis, HCC and death
through continuous inhibition of HBV replication.
Broadly, depending upon the treatment duration
there are two different treatment options for patients
with CHB infection: (1) Therapies that are of fixed
duration including immunomodulators like standard/
conventional or PEGylated interferon-α (IFN-α); and
(2) Long-term treatment with nucleos(t)ide analogues
lamivudine, adefovirdipivoxil, entecavir, tenofovir or
telbivudine.
Current therapies aims at persistent suppression
of viral replication that typically results in biochemical
remission and reduced histological activity of chronic
hepatitis. Consequently, the risk of progression to
next stage i.e., cirrhosis, also decreases. Therefore,
reducing incidence of HCC in non-cirrhotic and some
[6,13,14]
extent in cirrhotic patients
. However, many
patients that undergo the currently available therapies
do not show long-lasting control after the withdrawal
of treatment. Specially, rates of hepatitis B surface
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Figure 1 Hepatitis B virus life cycle along with inhibitors targeting the various stages of the hepatitis B virus lifecycle (Adapted from Grimm et al[6] 2011).
Following attachment of virus to the receptors, cell entry and release of nucleocapsid, nuclear import of virus to nucleus, transcription and translation leads to the
synthesis of covalently closed circular DNA (cccDNA), envelopment of nucleocapsid within endoplasmic reticulum, formation of multivesicular bodies and finally
secretion of subviral and virion particles. Moreover red bar lines shows the inhibitors targeting various stages of the virus life cycle such as: entry inhibitors, inhibition
of cccDNA formation, and inhibition of assembly, polymerase inhibition and genetic editing and immunomodulation targeting the cell surface receptors. ISG: Immune
serum globulin.

antigen (HBsAg) loss and seroconversion to hepatitis B
[15,16]
surface antibody (HBsAb) are very low
.
The objective of this current review is to provide
an update on the recent advances in HBV therapeutics
addressing all the drugs available in the market and
those in clinical trials to provide an update to those
who are either working on HBV or in health care sector.

CURRENT THERAPIES FOR HBV
Currently, there are sevendrugs approved by food
and drugs administration (FDA) for the treatment of
chronic hepatitis B infection. These drugs are intron
A (IFN-α), Pegasys (Pegylated Interferon), Epivir
HBV (Lamivudine), Hepsera (Adefovir), Baraclude
(Entecavir), Tyzeka (Telbivudine), and Viread
(Tenofovir). These seven drugs have been licensed
by FDA but not a single drug provides a complete
cure; but they do stop/slow down the progressive
liver damage. There are limitations of each drug;
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Interferon therapy offers fix treatment duration but
mostly associated with serious side effects that lead to
the cessation of therapy. Oral nucleoside or nucleotides
inhibitors induce drug resistance by prolong use.
The treatment response rate of currently used drugs
against HBV infection two years post-treatment is
[17]
summarized in table 1 . The treatment response
rate is defined in terms of undetectable HBeAg, HBeAg
seroconversion (absence of hepatitis B e antigen in
serum and the presence of antibodies against it) and
HBV DNA less than 300/400 copies/ml in HBeAg
negative patients.

Pegasys (Pegylated Interferon)

IFN-α-2a/b was the first approved treatment option
for CHB infection in most of the countries. However
later on, the improved pharmacokinetics properties,
efficacy and convenient dosing of Pegylated Interferon
have caused the replacement of standard IFN-α-2b.
Pegasys is given as a shot once a week as compare to
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Table 1 A list of hepatitis B virus vaccines in development
Treatment

Undetectable HBV DNA in
HBeAg positive patients

Anti-HBeAg serconversion in HBeAg
positive patients

HBV DNA < 300/400 copies/ml in
HBeAg negative patients

25
39
21
67
60
74

30
22
12
22
26
21

63
72
51
90
88
91

Pegylated interferon
Lamivudine
Adefovir
Entecavir
Telbivudine
Tenofovir disoproxil fumarate

HBV: hepatitis B virus; HBeAg: hepatitis B e antigen.

standard interferon that is given as a shot three times
[18-20]
a week
. The half-life of interferon is increased by
pegylation. The treatment success rate of Pegasys is
[21]
24% as compared to 12% of standard interferon .
Pegasys is a better treatment option than lamivudine
in terms of HBV DNA suppression and seroconversion
[1]
of HBsAg . The treatment success rate of Pegasys
[22,23]
and lamivudine was 32% and 19% respectively
.
Pegasys is not recommended for those CHB who
are victims of autoimmune hepatitis, liver cirrohosis,
show serious side effects or having age below one
year. Interferon blocks DNA synthesis of HBV. Pegasys
treatment is the most favorable for those CHB patients
possessing strong immune system with high level of
liver enzymes, infected after childhood and the virus is
replicating.

Epivir-HBV (Lamivudine)

Lamivudine is a cytidine nucleoside analogue that
inhibits the reverse transcriptase enzyme of HBV.
Lamivudine is an orally administered and well
[24]
tolerated at a daily dosage of 100 mg for one year .
It profoundly suppresses serum HBV DNA and
[25]
showed bio-availability for more than 80% . The
rate of HBeAg seroconversion (absence of hepatitis
B e antigen in serum and the presence of antibodies
against it) in CHB patients by Epivir-HBV or Lamivudine
[26,27]
for the treatment duration of one year is 32%
[28]
and increases up to 65% by five years treatment .
Additionally the treatment response is not dependent
[20]
on ethnicity . Lamivudine therapy can be stopped
after the seroconversion and sustained viroloigcal
response is maintained in approximately 80% of cases.
The treatment is associated with the development of
viral resistance that occurs by mutations in the YMDD
motif of HBV polymerase. The incidence of lamivudine
resistant HBV mutants increases upto 70% by five
years treatment. The viral breakthrough occurs at 6-9
mo of therapy and detectable HBV DNA at six month
of therapy is linked with the emergence of higher
resistance rate. Combinational therapy of lamivudine
with other therapies such as PEG-IFN or adefovirhave
no significant effect on the treatment response,
however the rate of emergence of viral resistance is
[29,30]
reduced
.
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Hepsera (Adefovir)

Hepsera is the tradename foradefovirdipivoxil.
Adefovir is a nucleotide analogue which has shown
activity against HBV. Hepsera is daily administered as
10 mg oral tablets. The most common serious side
effects associated with hepsera are rash, swelling of
throat, lips, tongue and face, difficulty in breathing
[31]
and proximal kidney tubular dysfunction . A recent
clinical trial of seventy treatment naive HBV patients
demonstrated that the treatment efficacy in terms of
HBV reactivation was almost comparable for lamivudin
and adefovir i.e., 37.1% and 28.6% respectively.
61.5% patients on lamivudine developed drug
resistance; however none of the patients on adefovir
developed drug resistance. Thus, adefovir has the
advantage over lamivudine in terms of developing
[32]
lower drug resistance profile .

Baraclude (Entecavir)

Baraclude or entecavir is a potent inhibitor of HBV’
[33]
s DNA polymerase enzyme . Phase 3 clinical study
of baraclude demonstrated significantly higher treat
ment efficacy than lamivudine in term of histologic,
[34]
biochemical and virologic improvements . Resistance
to baraclude is not common; however it occurs in
half number of patients who have used lamivudine.
Baraclude is daily orally taken at a dosage of 0.5
mg for patients who are treatment naive for HBV
treatment and at dosage of 1 mg for patients who
[34]
demonstrated resistance for lamivudine .

Tyzeka (Telbivudine)

Tyzeka is orally taken at a daily dosage of 600 mg.
It is more potent than lamivudine and adefovir. Like
lamivudine and adefovir, it is commonly associated
with the emergence of resistance. However, a recent
meta-analysis study of telbivudine and lamivudine
showed that telbivudine is a better treatment choice
[35]
for HBV infection due to its lower rate of resistance .

Viread (Tenofovir disoproxil fumarate)

Tenofovir disoproxil fumarate is a nucleotide analogue
that is also a potent inhibitor of HIV and HBV polymerase.
It is orally taken at the dosage of 300 mg per day. It
is more effective than lamivudine and adefovir. It is
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Table 2 A Lists of hepatitis B virus vaccines in development
Name of vaccine

Type

Sci-B-Vac
Prophylactic 3rd generation vaccine
HEPLISAV-B
Prophylactic vaccine
GS-4774
Therapeutic vaccine
Hepsyn-B
Therapeutic vaccine
VAXINE’s HBV Vaccine
Therapeutic
VAXINE’s HBV Vaccine
Prophylactic
HBV+ DRibbles vaccine
Prophylactic and therapeutic
ABX 203
Therapeutic
INO-1800
Therapeuti
DV-601
Therapeutic
Altravax Therapeutic Vaccine
Therapeutic

Developed by

Phase

SciVac Ltd, Israel
Approved in Israel, Asia and Africa
Dynvax Technologies Corporation, United States
Phase Ⅲ
Gilead Sciences, United States
Phase Ⅱ
Immune Targeting Systems Ltd, United Kingdom
Pre-clinical
Vaxine Pty, Ltd, Australia
Phase Ⅰ
Vaxine Pty, Ltd, Australia
Phase Ⅱ
Southeast University, Nanjing, Jiangsu, China
Pre-clinical
ABIVAX, France
Multicenter Phase Ⅱ/Ⅲ Trials
Inovio Pharmaceuticals, United States and Roche Phase Ⅰ (expected to start in 2015)
Dynvax Technologies Corporation, United States
Phase Ⅰb
Altravax, Inc, United States
Pre-Clinical

HBV: hepatitis B virus.

effective to telbivudine, lamivudine and entecavir
resistant patients. However, it is less effective in ade
[36]
fovir resistant patients .

Sci-B-Vac

FUTURE THERAPIES FOR HBV
Vaccines

Currently used HBV Vaccine was developed initially
[37]
in 1984 . The same vaccine that was developed
from baker’s yeast with a little modification is used
to date. It was introduced in 1986 in United States.
The HBsAg vaccine is 80%-100% efficacious in
prevention of infection or hepatitis in those who
receive the prescribed course of vaccine. However, the
immunogenicity of vaccine is found to decline with age.
After the age of 40 years, almost 90% of recipients
respond positively to a three-dose series, and at the
age of 60 years, merely 75% of vaccines are able to
[38]
develop antibody titers that give protection . Alum
is the most widely used adjuvant in humans. It has
an exceptional safety record and shows a strong bias
toward Th2 type antibody responses while, a marginal
Th1 cell-mediated response is observed in vivo and
[39,40]
often requires multiple booster immunizations
. The
need to develop a new vaccine that is able to ensure
100% efficacy with long lasting immune response i.e.,
without booster doses has always been there. Another
approach designated as therapeutic vaccination aims
at designing immunotherapies that produce either
specific or non-specific immune responses against
HBV that could help to achieve sustained viral control
[41,42]
by limited treatment
. The therapeutic vaccines
are not only under trial for monotherapy but have
also been evaluated as a combination therapy with
existing anti-HBV. Chongqing Jiachen Biotechnology
Ltd. Conducted a phase Ⅱ clinical trial of Synthesized
[43]
Peptide εPA-44 with Entecavir in 2012 . Phase Ⅲ
clinical trial of lamivudine and recombinant hepatitis
B surface antigen was conducted by French National
Agency for Research on AIDS and Viral Hepatitis in
[44]
Dakar, Senegal in 2008 . Therapeutic vaccination
has shown promising results in animal models by
inducing T cell immune responses therefore, limiting
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[45]

viral infection . Some of the vaccine products in
development are discussed here. Table 2 summarizes
various HBV vaccines currently in development.

Sci-B-Vac is a brainchild of two physicians from
Israel at the Weizmann Institute of Science and is a
product of Israel’s SciGen. Sci-B-Vac is designated
as the first commercially available third-generation
vaccine effective against HBV and is already approved
in Philippines, Hong Kong,Vietnam,India,Central
Africaand Georgia. Sci-B-Vacsi not a single protein.
It is a hollow “envelope” that contains three purified
recombinant proteins which have been derived from
a line of hamster cells - these cells are much closer
to human cells instead of yeast. The vaccine has
completed its clinical trial and the data shows that
the SCI-B-VAC vaccine that contains the S-protein
component of the HBV surface together with the PreS1
and Pre-S2, is considerably more immunogenic than
[46,47]
a second- generation recombinant HBV vaccine
.
The vaccine is equally efficient in all types of study
populations including infants, adults and patients
with end stage renal disease, non-responders to the
already available HBV vaccines including obese and
[47-50]
elderly
. It has also been shown that fewer number
of doses i.e., two are sufficient to provide adequate
[51]
rapid seroprotection . Recent studies have asserted
that Sci-B-Vac is more efficient than Engerix-B (the
most popular brand in market) due to its rapid and
[52]
higher response . It can be therefore said once FDA
grants the approval Sci-B-Vac, it will capture the major
share in market for HBV immunization.

GS-4744

GS-4774 is as a therapeutic vaccine that has been
engineered to generate T cell immune responses
against cells that contain HBV antigens along with the
antiviral therapy with the aim of improving response
rate in patients with CHB infection. GS-4774 is a heatkilled, recombinant, yeast-based immunotherapy
designed to express antigens that are specific for
[53]
HBV . The GS-4774 Tarmogen expresses a fusion
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protein utilizing sequences of the HBV contained in
the four major HBV genotypes worldwide, in order to
ensure applicability for this product across multiple
[54]
markets . Gilead initiated a phase 2 clinical trial
in July 2014 investigating GS-4774 in individuals
with chronic HBV infection who are not currently
[55]
receiving any treatment . According to latest data
GS-4774 was found to be safe and well-tolerated in
healthy subjects. The weekly and monthly regimens
of GS-4774 both provided HBV-specific immune
[56]
responses at all evaluated doses . GS-4774 can
therefore be regarded as a promising member of HBV
Therapy Regimen providing physicians with a very
reliable option for HBV treatment.

Heplisav-B or 1018 ISS adjuvant

Heplisav is a vaccine under development by Dynavax
technologies and is currently in Phase-Ⅲ of clinical
trials. It contains ISS i.e., immunostimulatory sequences
[57]
(1018 ISS) and HBsAg . Phase Ⅲ clinical trials
have that Heplisav-B a Toll-like receptor-9 (TLR-9)
agonist produces a rapid and high titer leading
to sustained seroprotection in healthy individuals
as well as hyporesponders with lesser number of
[57-59]
immunizations
.
Heplisav is different from the vaccines already
present in the market as it contains synthetic adjuvant
called immunostimulatory sequences (ISS) instead
of alum. ISS are cytosine phosphoguanosine (CpG)
motifs that originate from bacterial DNA and are potent
[60]
activators of immune system . It has been shown
that these CpG motifs use TLR-9 to stimulate the
innate arm of immune system leading to the activation
of a chain of immune responses intermediated by
IL-18, IL-12 and IFN-γ derived from macrophages
and natural killer (NK) cells. This chain of events
promotes Th1 responses for both protein and vaccines
[60]
derived from DNA . Antibody production and B-cell
proliferation are also significantly enhanced the
[60,61]
presence of these CpG motifs
.
Heplisav is clearly a vaccine of the future with
an ability of producingseroprotection against HBV
with lesser number of immunizations and in a rapid
succession, especially amongst immunologically
week populations and is therefore, ideal candidate to
decrease the number of morbidities and mortalities of
chronic HBV infections effectually.

Hepsyn-B

Hepsyn-B is a lead product of immune targeting
systems (ITS). ITS has commenced lead optimization
of Hepsyn B and has received a grant from the
UK Biomedical Catalyst funding scheme for FP 02
development in Hepatitis B infection. Hepsyn-B is a
fluoropeptide vaccine (Hepsyn-B), based on ITS’s
proprietary Depovaccine and Densigen technologies,
to induce immune control over the disease, increase
likelihood of clearance of infected liver cells and
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[62,63]

reducing the need for prolonged costly drug therapy
.
Hepsyn-B™ is a DepoVaccine product that contains
eight Densigens which are derived from highly con
served regions of the Hepatitis B virus. The product is
intended to provide therapeutic benefit to patients who
are chronically infected with Hepatitis B of any of the
[63]
four major sub-types (A-D)” .
The vaccine is currently in pre-clinical development
stages. The goal of current standard of care treatment
is to reduce viral load and permit seroconversion so
subjects progress to an inactive state where liver
disease progression is halted. Antiviral T-cell immunity
is a key driver of this outcome. It has been suggested
that therapeutic vaccination with Hepsyn-B and other
similar products will improve treatment outcomes and
reduce reactivation rates by “actively reconstituting
[64]
disease protective T-cell immune responses” .

Vaxine’s HBV vaccine

The Australia based biotechnological company is in
process of developing a HBV prophylactic as well as
an HBV therapeutic vaccine. The prophylactic vaccine
is based on combining the Advax™ adjuvant with a
unique hepatitis B vaccine antigen. Vaxine’s prophylactic
HBV vaccine was ranked as one of the top 5 global
products that entered the phase Ⅱ clinical testing
in 2007 by Thomson Scientific. The company has
received an approval to conduct the vaccine trial for
HBV immunization of subjects with impaired immune
systems because of diabetes, older age or kidney
[65]
failure .
Vaxine’s therapeutic HBV vaccine is actually a
nasal vaccine that utilizes the ability of hepatitis B core
antigen of stimulating a strong Th1 type response
[65]
against hepatitis B surface antigen . The vaccine is
[66]
currently in phase 1 trial .

HBV+ DRibbles vaccine
+

HBV DRibbles vaccine is an autophagosomebased HBV vaccine from HBV-expressing hepatoma
cells. This vaccine is a brainchild of scientists from
Department of Microbiology and Immunology, Medical
School of Southeast University and Cancer Research
and Biotherapy Center, the Second Affiliated Hospital
of Southeast University, Nanjing, Jiangsu, China
and Laboratory of Cancer Immunobiology, Earle A.
Chiles Research Institute, Providence Portland Medical
Center, Portland, OR, United States. The vaccine has
shown positive results by inducing polyvalent anti-HBV
T-cell responses and therapeutic efficacy in mouse
models that mimic acute and chronic HBV infection
+
in human. The HBV DRibbles produced from a HBV
expressing cell line were effective as a prophylactic
vaccine or a therapeutic vaccine to treat mice with
established HBV replication. The study demonstrated
+
that HBV DRibbles mixed with α-Al2O3 nanoparticles
could elicit an endogenous T-cell response that
swiftly eliminatesan established “HBV infection”.
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+

The results suggested that HBV DRibbles vaccine
together with a potent adjuvant was capable to elicit
therapeutic immune response and overcome HBV
[67]
tolerance in the mouse model . The efficiency of
+
HBV DRibbles vaccine can be attributed because to
α-Al2O3 nanoparticles, in contrast to traditional Alum
adjuvant, which are capable to deliver antigen for very
efficient priming of cytotoxic lymphocytes and capable
of boosting the anti-tumor efficacy of tumor-derived
[68]
+
autophagosomes . All these features make HBV
DRibbles vaccine a promising candidate as a future
HBV therapeutic vaccine.

ABX 203

ABX 203 is the first collaborative result of ABIVAX
France with CIGB Cuba. In order to shorten the current
treatment period of HBV ABX 203 has been developed
as a therapeutic vaccine candidate that is capable of
delivering long-lasting control of the viral load. It is
composed of both the surface and core antigens of the
hepatitis B (HBs and Hbc antigens) and thus a mix of 2
viral proteins.
The Clinical trials of ABX203 have shown encouraging
data that shows the efficacy of this vaccine in trial
in healthy volunteers as well as in phase Ⅰ study
and phase Ⅱ studies in patients with chronic HBV
[69]
infection . The vaccine has entered a multicenter
phase Ⅱ/Ⅲ clinical trial that is estimated to be
[70]
completed in 2017 .

INO-1800

®

INO-1800 is a multi-antigen SynCon DNA immuno
therapeutic vaccine that targets hepatitis B virus clades
A and C surface antigens and HBV core antigens.
Inovio pharmaceuticals has entered into agreement
[71]
for collaboration with Roche to develop IN0-1800 .
Preclinical trial data successfully reported generation
of strong immune responses that include T cell and
antibody activation by INO-1800 that leading to
the elimination of targeted liver cells within mice.
These results show the true potential of this DNA
vaccine in treatment of HBV infection and prevention
of progression into liver cancer. The company has
planned to initiate a phase Ⅰ clinical trial of INO-1800
[72]
in 2015 .

DV-601

DV-601 is a protein based therapeutic vaccine that
was able to induce both cellular and humoral immune
responses and was able to drive multi-functional and
multi-specific T cell immune responses in the liver of
chronically HBV infected mice. The vaccine employs the
use of a novel protein based vaccine formulation that
comprises HBsAg and hepatitis B core antigen along
with ISCOMATRIX adjuvant. This particular formulation
was able to successfully break the tolerance in this
[73]
chronic viral disease . In 2011 the drug successfully
underwent Phase 1b clinical trials that showed all
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doses were generally well tolerated and safe in cohorts
[74]
at all doses .

Altravax’s therapeutic vaccine

Altravax is a privately held United States based bio
pharmaceutical company that bagged SBIR grant
[75,76]
from NIH in January 2013
. Altravax has developed
a therapeutic DNA vaccine product delivered by
electroporation and expressing a mixture of HBsAg
variants. A number of immunogenic HBsAg variants
containing xenogeneic sequences with novel T
epitopes have been identified using a directed
molecular evolution approach. Mixing several variants
has increased the immunotherapeutic potential of
the combined vaccine by including many different
xenogeneic epitopes. Beginning with seven individual
variants, all possible 3-variant combinations are
being screened using a tiered strategy to identify the
most immunogenic mixtures in normal and HBsAg[77]
transgenic mice . Altravax’s preclinical studies in
animals indicated the effectiveness of the vaccine
for therapeuticpurpose in chronic HBV patients. The
product has now formally entered the preclinical
development phase that will include manufacturing
and safety studies that are prerequisite for submitting
an investigational new drug (IND) application to
[77]
FDA .

IMMUNOMODULATORS
There are many immunomodulators currently in
development for HBV infection. A few of them are
discussed here. These include recombinant interleukins,
antibodies and agonists of pattern recognition receptors.
Table 3 gives summary of immunomodulators currently
in various stages of development for HBV infection.

CYT-107

Recombinant human interleukin-7 (CYT107) is an
immune-modulator for immune T-cell retrieval and
augmentation. IL-7 is produced as growth factor and
cytokine by thymic or bone marrow stromal cells and
other epithelia. IL-7 critically and non-redundantly
stimulates the development of T lymphocyte by
thymopoiesis and from the thymus downstream, on
[78,79]
expansion of peripheral T-cells
. The repeated
dose trials of first-generation of rhIL-7 were shown in
pre-clinical and phase Ⅰ studies in oncology and HIVinfected patients that were well tolerated in recurrent
dose trials, with long-term increases in both CD4 and
CD8 T cells. The second-generation rhIL-7 is CYT107,
a product made by Cytheris, a biopharmaceutical
company in clinical stage. Trials conducted in clinical
settings that recruited over 120 patients within
Europe, Taiwan and North America have confirmed the
ability of IL-7 to develop and protect CD4+ and CD8+
[79,80]
T-cells
. After initial safety evaluation CYT107 has
now been successfully evaluated in phase Ⅰ/Ⅱa clinical
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Table 3 Immunomodulators in pipeline for hepatitis B virus treatment
Immune enhancer
CYT-107
TG-1050
GS-9620
GC1102
CYT-003
SB 9200

Function

Developer

Phase

Recombinant IL-7
Adenovirus based targeted immunotherapy
TLR-7 agonist
Monoclonal antibody
Recombinant HBIg
TLR-9 agonist
RIG-I and NOD2 activator

Cytheris SA, France
Transgene SA, France
Gilead Sciences, United States
Green Cross Corporation, Japan

Phase Ⅱ
Pre-clinical
Phase Ⅱ
Phase Ⅱ

Tekmira Pharmaceuticals Corporation, Canada
Spring Bank Pharmaceuticals, United States

Pre-clinical (Phase Ⅱ for Asthma)
Phase Ⅱ

HBV: hepatitis B virus; HBIg: Hepatitis B Immunoglobulin; TLR: Toll-like receptor; RIG-I: retinoic acid-inducible gene I; NOD2: nucleotide-binding
oligomerization domain containing 2; IL-7: Interleukin-7.

trial evaluating recombinant human Interleukin-7
(CYT107) in combination with the standardized
antiviral treatment and vaccination in HBeAg-negative
[81,82]
chronically infected HBV patients
.

compared to HBIg derived from blood plasma of
[89]
human donors . The antibody is currently in phase Ⅱ
clinical trials at Seoul Asan Medical Center Kore and is
[90]
sponsored by Green Cross Corporation .

TG-1050

CYT-003

TG-1050 is a targeted immunotherapy candidate
based on adenovirus-based for the treating chronic
hepatitis B. The pre-clinical package for TG-1050 is
capable of supporting TG-1050 to induce a vigorous,
extensive, long-lasting T cells with features similar
to those found in effected individuals who resolve
infection along with antiviral activity. Significantly, TG1050-educated T cells have the ability to recognize
immune factors derived from all circulating strains of
[64,83]
HBV viral genotypes, including genotypes B and C
.
Additionally, a combined study conducted by Ruijin
Hospital in Shanghai and Transgene Biopharmaceutical
Technology (Shanghai) Co., Ltd. and Transgene SA,
displayed that amount of antibodies produce against
adenovirus are similar to those produced in chronically
infected HBV patients and healthy individuals. The
company plans to starta first-in-humans clinical
[84]
evaluation in the next few months .

GS-9620

GS-9620 is an oral agonist of TLR-7. It is currently
in phase Ⅱ clinical trial for treating individuals with
[85]
CHB . In previously conducted preclinical phase of
the study, GS-9620 was able to induce a prolonged
suppression of HBV antigens and serum levels of
viral DNA within animal models of HBV induced
[86,87]
hepatitis
. It has been established that the antiviral
response mediated by GS-9620 in preclinical models
of CHB is probably facilitated in part by the cytolytic
activity of CD8+ T cells. Strong intrahepatic B cell
response when initiated might have played a vital role
[88]
in seroconversion of HBsAg antigen .

GC 1102

GC 1102 is a new recombinant hepatitis B immunoglobulin
(HBIg) from Chinese Hamster Ovary (CHO) cells. It is
a monoclonal antibody and has high affinity and avidity
to hepatitis B surface antigen and several advantages
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Tekmira’s lead TLR-9 program, CYT-003, was inlicensed from Cytos Biotechnology Ltd., where it was
evaluated clinically in allergic asthma and successfully
completed Phase Ⅱ Clinical Trials for Asthma. The
company is currently evaluating the utility of CYT-003
in HBV. TLR-9 agonists are a novel approach to the
reactivation of immune system in patients chronically
infected with HBV. Stimulation of cellular TLRs is
expected to provoke a response mediated by innate
arm of the immune system leading to the production
of cellular proteins capable of targeting viral infections
[91]
such as HBV .

SB 9200

SB 9200 a product of Spring Bank Pharmaceuticals
that works by activation of pattern recognition
receptors including retinoic acid-inducible gene Ⅰ and
nucleotide-binding oligomerization domain containing
2, involved in the detection of viral RNA within cells. It
up-regulates the host immune response selectively to
viral infection by blocking replication of the virus and at
the same time by produces endogenous interferon. It
is potentially less likely to produce resistance because
it targets the host proteins that are involved in the
immune response in contrast to directly acting on
the virus. The drug was found to cause a significant
decline in preclinical animal models in viral load of HBV.
The company is currently planning to proceed towards
Phase Ⅱ clinical development of SB 9200 for HBV
[92]
infected patients .

NON NUCLEOSIDE ANTIVIRALS
Non-nuceoside anti-virals (NNAVs) are the cornerstone
of future therapies for HBV. These include phenylpropenamides, hetero-aryl-di-hydro-pyrimidines,
RNAis and Novel Protein Inhibitors. These approaches
are being analyzed with great success in clinical trials
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Table 4 Non-nucleoside anti-viral drugs in development for hepatitis B virus
Name

Mechanism

CpAMs
AT61 and AT130
BAY41-4109
NVR 3-778
NVP018
TKM-HBV4G and TKM-HBV3G
STING agonists
ARC-520
ALN-HBV
GLS4
BSBI-25
Birinapant
CPI-431-32
Myrcludex B
Simvastatin

Developed By

Phase

Allosteric Modulation of HBCp
Assembly Biosciences, United States
Pre-clinical
Assembly Activation (Inhibit Capsid Assembly) Victorian Infectious Diseases Reference Laboratory,
Pre-clinical
Australia
Assembly Activation (Inhibit Capsid Assembly)
AiCuris, Germany
Phase Ⅰ
HBV Cp Inhibition (cccDNA suppression)
NoviraTheraputics, United States
Phase Ⅰb
Cyclophilin inhibition
Tekmira Pharmaceuticals Corporation, Canada
Phase Ⅰ
RNAi
Tekmira Pharmaceuticals Corporation, Canada
Phase Ⅰ
PRR Activation
Tekmira Pharmaceuticals Corporation, Canada
Pre-clinical
RNAi
Arrowhead Research Corporation, United States
Phase Ⅱ
RNAi
Alnylam Pharmaceuticals, Inc. United States
Pre-clinical
Assembly Activation (Inhibit Capsid Assembly)
HEC Pharm Group, China
Phase Ⅱ (China)
cccDNA Inhibition
Baruch S. Blumberg Institute, United States
Pre- clinical
SMAC
TetraLogic Pharmaceuticals, United States
Phase I
Inhibition of cyclophilin A
Ciclofilin Pharmaceuticals, United States
Pre-clinical
HBV entry inhibition
Hepatera Ltd, Russia and MYR GmbH, Germany
Phase Ⅱ
HMG CoA reductase inhibitor
University of Oklahoma and United States
Phase I
Veterans Administration

RNAi: RNA inhibition; HBV Cp: hepatitis B virus core protein; PRR: Pattern recognition receptors; SMAC: Synthetic small molecule and peptidomimetic of
second mitochondrial-derived activator of caspases.

and most of them hold great promise in the future.
The NNAVs in development for HBV are enlisted in
Table 4.

Core protein allosteric modulators

Phenylpropenamides (AT-61 and AT-130)

Core protein allosteric modulators (CpAMs) belong
to the category of anti-viral small molecules which
are responsible for targeting the function of a virus
DNA that is hidden in the infected livers of individuals
suffering from hepatitis B. CpAMs have the ability to
alter the activity of hepatitis B core protein that is
vital for the virus’s survival. Purified hepatitis B core
protein can impulsively assemble, within seconds,
to form complexes that are soccer-ball shaped and
[93]
are identical to capsids in the infectious virus . By
careful examination of the mechanism of assembly,
investigators at Indiana University in association with
Assembly Biosciences have steered the discovery of
a variety of families of small molecule CpAMs that are
capable of reducing viral load and key antigens of virus
selectively and effectively, which is considered to be the
[94]
paramount marker of a functional cure . In hepatitis
B, CpAMs fight the virus by disturbing multiple aspects
of the viral lifecycle, that include altering the function
of a special viral DNA known as covalently closed
circular DNA (cccDNA), that acts as the viral reservoir
and hides in the infected liver cells nuclei. This cccDNA
functions as a template for the assembly of viral
proteins and extra copies of the viral genome, backing
the persistence of the infection. Currently available
HBV therapies do not affect cccDNA, because of which
only 3 to 5 percent of hepatitis B patients become
disease free, which requires most infected individuals
to take these antivirals for the rest of their lives. HBV
inhibition in this case has been achieved by causing
mutations in capsid proteins that as a result affects the
self-assembly, reverse transcription and packaging of
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[95,96]

HBV molecule
. The firm is currently working for
[93]
selection of a first generation lead molecule .

AT-61 and AT-130 are phenylpropenamides that
belong to non-nucleoside assembly activators (anti[97]
capsid activity) for HBV treatment . AT-130 acts by
binding a hydrophobic pocket that is also capable of
accommodating the previously characterized Heteroaryl-di-hydro-pyrimidines or HAP compounds, but
favors a distinctive quasi-equivalent site on the capsid
surface. Therefore, this pocket acts as an uninhibited
drug binding site and a potential target for different
assembly effectors with a wide range of mechanisms
[98,99]
of action
. Although both of these compounds have
shown significant anti-viral activity against resistant
strains of HBV but AT-130 has also shown greatest
[98,100]
activity in cell culture
. AT-61 demonstrated
antiviral specific activity in cell culture with minimal
[101]
adverse effects
. It has been recently revealed
that AT-130 enhances the rate of core protein (Cp)
assembly and stabilizes favorably non-capsid polymers
of Cp. Therefore, further strengthening the case of
[101]
AT-130 as future non-nucleoside anti-HBV drug .

BAY 41-4109

BAY41-4109 belongs to HAPs or Hetero-aryl-dihydropyrimidines which are non-nucleoside assembly
activators that include potent anti virals such as HAP1,
HAP12, BAY41-4109 acting as allosteric effectors
that prompt an assembly-active state and, at high
concentration, preferentially stabilize non-capsid
[102,103]
polymers of Cp
. BAY 41-4109 has been shown
to be used a valuable addition to current therapies for
HBV in murine models, and it can also be tested as
a therapeutic tool during the spread of resistant HBV
strains that occurs during treatment with nucleoside
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[104]

analogues
. These anti-capsid compounds show
(CpAMs) significant impact on Cp nuclear functions
at multiple levels: blocking of new cccDNA formation/
accumulation, reduction of an established cccDNA
pool and inhibition of HBc occupancy and histone
acetylation on the cccDNA that translate into a
[101]
reduced pre-genomic RNA (pgRNA) transcription
.
BAY 41-4109 is currently in Phase1 Clinical trial being
[105]
developed by AiCuris, Germany
. Together these
compounds represent an interesting avenue for HBV
treatment that can provide great promise in the future.

NVR 3-778

Novira’s lead core inhibitor candidate, NVR 3-778,
disrupts the HBV lifecycle by inducing the assembly of
defective capsids and is an effective drug inhibitor of
HBV replication both in vitro cell culture models and
a humanized liver mouse model of CHB. An excellent
preclinical safety profile has been established for
NVR 3-778 and a Phase 1 clinical trial is underway
[106]
in New Zealand
. Phase Ia has been successfully
completed and has revealed that the drug is safe and
[107]
well tolerated in healthy volunteers
. Phase Ib of
the Clinical Trials has been started and is expected
[106]
to be completed in December 2015
. This novel
mechanism of action promises to change the paradigm
for CHB treatment. It can be administered and with
the standard treatment for HBV i.e., (nucleosides
and interferon), Novira’s core inhibitors are expected
to provide greater and faster suppression of cccDNA
and new virus production. Directly or indirectly, core
inhibitors may also reduce HBsAg levels and release
the block on immune response pathways to further
reduce the time to cure. Higher and faster cure rates
promoted by core inhibitors will in turn enable finite
therapy so that many CHB patients will no longer
[107]
require lifelong treatment .

NVP018 or OCB-030

NVP018 also known as OCB-030 is available in oral
form and is a second-generation cyclophilin inhibitor
based on sangamide with a well-differentiated
preclinical profile in comparison with other cyclophilin
inhibitors. Cyclophilins are a group of proteins that
have been occupied in controlling innate immune
responses subsequent to viral infection. Blocking of
the of cyclophilins interaction with interferon signaling
pathways is one of the mechanisms via which viruses
[108]
take control of host innate immune response . Data
demonstrated at the International Liver Congress
™ (2014), the periodic meeting of the European
Association for the Study of the Liver, showed that
OCB-030 may also inhibit the HBV replication by two
mechanisms in vitro. First, OCB-030 may directly
inhibit several phases of viral replication in liver cells
and second, it may indirectly act by augmenting
the host immune response via Interefron regulators
factors, including strong inhibition of an interaction
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that take splace between cyclophilin A and IRF9 (a key
component of the JAK/STAT pathway). Results also
showed that the possibility of developing resistance, a
substantial clinical problem with current therapies for
[108,109]
hepatitis B is very low with OCB-030
. Tekmira
is planning to file an IND with the FDA, or and an
equivalent agency in another country to launch the
[110]
Phase Ⅰ clinical trials of the drug OCB-030 in 2015 .

TKM-HBV

Tekmira’s TKM-HBV database comprises two wetlipid nanoparticle (LNP) interpretations TKM-HBV4G
th
rd
(4 generation LNP) and TKM-HBV3G (3 generation
LNP) interpretations. Both interpretations comprise a
combination of three UsiRNA RNAi triggers that target
[111]
highly conserved regions on the 4 HBV pgRNAs
.
TKM-HBV also has shown diminution in HBsAg and
cccDNA in the urokinase plasminogen activator-severe
combined immunodeficiency (uPA/SCID) chimeric
mouse model. Collectively data showed that TKMHBV3G may facilitate at least a 1log10 reduction in
HBsAg in the treatment center, at safe therapeutic
[112]
doses . Preclinical trials of TKM-HBV3G data showed
cccDNA reduction as a downstream result of inhibiting
the assembly of all HBV proteins via the RNAi that
includes preventing cccDNA episomal conservation and
ultimate establishment by inhibiting the production of
all HBV proteins. TKM-HBV’s RNAi mechanism of action
results in downstream inhibition of new HBV subviral
particle and its formation. By vigorously inhibiting
HBsAg and subviral particle construction, TKM-HBV
may also ease the reactivation of immune system
against HBV and cccDNA by activating humoral and
[112]
T-cell facilitated immune mechanisms .
th
Second TKM-HBV formulation 4 gen LNP and
preparation was publicized in November 2014 by
Tekimira Pharmaceutical Corporation. TKM-HBV4G is
[113,114]
basically times more effective than TKM-HBV3G
.
The study should evaluate the pharmacokinetics,
acceptability and safety of the drug TKM-HBV4G and
TKM-HBV3G in healthy subjects. TKM-HBV3G/4G has the
potential to be a keystone drug in successfully treating
CHB infection because of its ability to counter various
[113]
elements of the HBV lifecycle .

Stimulators of interferon genes agonist

Stimulators of interferon genes (STING) agonists are
activators of pattern recognition receptors (PRRs)
activators present in the cytosol of immune cells. By
stimulating genes responsible for interferon activation
within body it may lead to the induction of the
supplementary IFN-α and β, which exhibit the antiviral
[114]
properties . Tekmira in collaboration with Blumberg
Institute and is attempting to investigate and identify a
small orally active potent molecule that are the human
STING agonists. The molecules shall possess the
desired attributes which shall progress it to the human
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[115]

clinical studies

[124]

.

ARC-520

Arrowhead’s ARC-520 is a product of RNAi (interference)
technology, using short interfering RNA (siRNA)
particles. These particles are injected in dynamic
polyconjugate (DPC) nano particles bound to target
ligands, which transport them to their target sites
where viral infection has taken place. The DPCs
are coated with a highly resistant polymer made
of both polar and non-polar elements, which make
them resistant to auto-immunity components in the
bloodstream. On reaching the target sites, DPCs are
taken up by endosomes containing the virus particles.
The polymers coating the DPCs lyse the endosomes
and the siRNAs interfere with the genetic machinery
of the virus particles, knocking out virulence genes,
hampering DNA replication, disturbing transcription
and hence inhibiting protein synthesis. These
mechanisms collectively prevent spread of virus
[116]
particles further in the host
. ARC-520 aims to
deliver a functional cure for the HBV infection and
restore the adaptive immune system with the help of
its RNAi mechanism. It has been tested successfully
in mice and chimpanzee models, where it has shown
to reduce the amount of viral DNA, HbsAg and HbeAg
by as much as 90%-95%, lasting up to one month
[117]
or more
. ARC-520 successfully completed its
Phase Ⅰ Clinical Trials showing excellent safety and
[118,119]
tolerability results in healthy volunteers
. The
company is at present investigating the single dose
Phase Ⅱa study in chronic HBV patients which so far
have shown significant reduction in HBsAg in chronic
[120,121]
HBV patients
. The company received an IND for
[122]
Phase Ⅱ study of ARC-520 in January 2015 .

ALN-HBV

ALN-HBV RNAi is a potent drug with an excellent
therapeutic potential and its potent mechanism of
action blocks all steps of the HBV life cycle including
assembly, secretion of virus, Replication, and
secretion of sub-viral antigens. The development of a
candidate program targets to work with the Alnylam
Pharmaceuticals Enhanced Stabilization Chemistry
(ESC)-GalNAc-conjugate technology. The technology
enables the subcutaneous dose administration
with upgraded potency, safety, durability and wide
therapeutic index of the drug. ESC-GalNAc conjugate
can be developed into an excellent approach in the
[123]
class of RNA therapeutics targeting HBV
.
The pre-clinical studies with drug indicate
substantial, multi-log reductions in HBV viral titers
and surface antigen (HBsAg). The drug proved to
support the evidence for an immune-mediated
therapeutic effect in chronically infected chimpanzees.
The results investigated another striking feature in
achieving functional cure for HBV cure by the use of
the RNAi therapeutics against the conserved regions
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of the HBV genome
. Alnylam Pharmaceuticals is
expected launch the product name for its ALN-HBV
Development Candidate by of 2015 and file an IND or
[125]
IND equivalent around the end of 2015 .

Morphothiadine or GLS4

Morphothiadine Mesilate (GLS4) is another HAP
(heteroaryl-di-hydro-pyrimidines) compound. GLS4 is
a pipeline product of HEC Pharm that can combine with
the HBV core protein dimer, and interfere the assembly
process and functions of HBV nucleocapsid, and thus
it can effectively inhibit HBV replication through two
active ways of inhibiting viral structure assembly and
gene replication.
Compared to the traditional existing nucleoside
analogues, MorphothiadineMesilate shows higher
[125,126]
inhibitory activity in the HBV inhibition tests
.
According to the company’s website the Phase Ⅰ clinical
trial application of GLS4 was submitted to China
Food and Drug Administration (CFDA) in 2010, and
received the approval letter in November 2011. The
phase Ⅰ study was initiated early of 2012 and finished
in Dec, 2012. Data in phase Ⅰ show that GLS4 has
favorable safety and efficacy signals, and no confirmed
drug-related adverse events are observed. It also
shows favorable pharmacokinetic profile as a potential
clinical candidate. Phase Ⅱa trial was initiated in early
May. 2013 and results came out in February 2014.
Filing for Phase Ⅱb trial has submitted to CFDA and
the pharmaceutical is planning to launch it in China by
[127,128]
2016
.

BSBI-25

BSBI-25 is a cccDNA inhibitor under development
by Baruch S. Blumberg Institute. The compound is
still in preclinical stage of development. The drug
aims to work on the removal of cccDNA protecting
hepatocytes and to prevent the replase of HBV due to
rapid recover in serum HBV-DNA after termination of
antiviral treatment. Encouraging evidence of cccDNA
degradation in the absence of hepatotoxicity has been
reported in which lymphotoxin-β and IFN-α receptor
stimulation up-regulated the levels of the host factors
APOBEC3A and APOBEC3B cytidine deaminases,
respectively, the action of which mediated by the
core protein in HBV-infected cells. The human liver
needle biopsies and primary hepatocytes led to
the cccDNA degradation and cytidine deamination,
apurinic/apyrimidinic site formation that prohibited HBV
[129,130]
recurrence
.

Birinapant

Birinapant (TL32711) is a potent, bivalent SMAC
(synthetic small molecule and peptidomimetic of
second mitochondrial-derived activator of caspases)
mimetic that binds with differential affinity to multiple
members of the inhibitor of apoptosis proteins (IAP)
[131,132]
family including cIAP1, cIAP2, XIAP, and ML-IAP
.
Initially developed by Tetralogic Pharmaceuticals as
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Table 5 Nucleoside analogs in development for hepatitis B virus
Name

MOA

Clevudine
Besifovir
Tenofoviralafenamide
CMX157
AGX-1009

Developed by

Phase

DNA polymerase inhibition
Bukwang Pharmaceutical, South Korea
Approved in South Korea and Philippines
DNA polymerase inhibition (pro-drug) Ildong Pharmaceuticals and LG Life Sciences
Phase Ⅲ
DNA polymerase inhibition (pro-drug)
Gilead Sciences, United States
Phase Ⅲ
DNA polymerase inhibition (pro-drug) ContraVir Pharmaceuticals, United States
Phase Ⅲ
DNA polymerase inhibition (pro-drug)
Agenix, Australia
Phase Ⅰ

HBV: hepatitis B virus; MOA: Mechanism of action.

anticancer agent, this drug has proven its efficacy
in infectious diseases as well. The use of the mouse
model of HBV, birinapant showed excellent results
it was well tolerated and exhibited activity in the
clearance of cells infected with HBV. The drug is
currently in Phase Ⅰ Clinical Trials undergoing safety
[132]
and tolerability studies in CHB .

with the Interferons. However the development of
resistance, biochemical irregularities, along with poor
[132]
durability are the limitations of the NUCs
. The
drug companies are therefore focusing on altering the
approach of utilizing the NUCs as discussed under.
Table 5 shows the nucleoside/nucleotide analogs
development in for HBV.

CPI-431-32

Clevudine

CPI-431-32, a novel agent developed by Ciclofilin
Pharmaceuticals, targets and inhibits a host cellular
enzyme known as cyclophilin A (CyPA). CyPA is
responsible for activation of viral proteins critical for the
life cycles of HCV, human immunodeficiency virus type
1 (HIV-1) and HBV. By understanding how cyclophilins
mediate viral replication, the company has developed
a host-targeting antiviral, CPI-431-32 which is used for
the treatment of HCV, HBV, HIV-1, and infection with
more than one of these viruses simultaneously (co[133,134]
infection)
.

Myrcludex B

Myrcludex B is a HBV entery inhibitor currently in
Phase Ⅱ clinical trials. A joint venture of Hepatera Ltd
and its development partner MYR GmbH, Myrcludex
B. After positive preclinical and Phase 1 studies the
drug has successfully completed phase Ⅱa of the
clinical trials showing evidence that the inhibition of
intrahepatic spread of HBV may become part of future
[135-137]
curative regimes
.

Simvastatin

Simvastatin is FDA approved 3-hydroxyl-3-methylglutaryl
coenzyme A (HMG CoA reductase inhibitors that
are used to treat hypercholesterolemia. Besides
exhibiting strong anti-HBV activity in cell culture
models. Simvastatin has shown synergestic antiHBV activity with nucleos(t)ide analogues including
[138]
adefovir, entecavir, tenofovir and lamivudine
. The
University of Oklahoma and the United States Veterans
Administration successfully conducted a phase Ⅰ proofof-concept study for the drug Simvastatin against the
[139]
CHB patients that was completed in 2012 .

NUCLEOSIDE/NUCLEOTIDE ANALOGS
Nucleoside analogs (NUCs) have so far served as the
main weapon in the armory against hepatitis B along
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Clevudine is a nucleoside analogue already approved in
Phillipines and South Korea with incomplete licensing
in Indonesia, Thailand, India, and Malaysia for the
treatment of Hepatitis B. It has been found to inhibit
HBV infection at the multiple steps of its replication
cycle. The drug has an extended half-life which
causes the significant reduction of cccDNA in animal
[140]
models .
But despite of these potent antiviral activity
Clevudine has shown to induce myopathy that is
characterized by depletion of mitochondrial DNA on
[141,142]
long term therapy
. This potent anti-viral needs
to be administered with proper considerations of its
[143,144]
ability to cause serious long-term side effects
.

Besifovir/LB80380/ANA-380

LB80380 is an oral nucleotide pro-drug that
incorporates into the viral DNA and prevents its
replication. Phase Ⅱ Clinical Trials after Safety and
Tolerance studies of the drug showed effective
antiviral activity against viruses strains i.e., wild[145,146]
type and drug-resistant mutations
. Ildong
Pharmaceuticals and LG Life Sciences are currently
conducting Phase Ⅲ clinical Trials of the drug to prove
that besifovir is non-inferior to a control drug that are
expected to be completed in July 2015 along with
[147]
Phase Ⅰ Bioequivalence studies .

Tenofoviralafenamide

Tenofovir is the primary treatment for lamivudineresistant HBV in the United States and Western
Europe. There has been no Resistance to tenofovir
characterized for three years after the drugs
[18]
approvalfor HBV treatment . Gilead Sciences is
currently conducting Phase Ⅲ safety and efficacy
studies of Tenofovir Alafenamide Versus Tenofovir
Disoproxil Fumarate for Treatment of HBeAg-positive
hepatitis B that is expected to be completed in
[36,148]
November 2015
. Other than Tenofoviralafenamide
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two more pro drugs of tenofovir namelyCMX157
(ContraVir Pharmaceuticals) and AGX-1009 (Agenix,
Australia) are in Phase Ⅱ and Ⅰ of the clinical trials
[143]
respectively .
In conclusion, HBV is a progressive liver disease
and current therapies require continuous monitoring
for serious side effects along with the development
of resistance and therefore shorter durability. The
increasing rates of resistance to antiviral therapy
necessitates consideration of combination therapy and
impels to look for novel treatment options. There is a
deficiency of risk calculators including those similar to
the Framingham risk score that evaluates the risk of
coronary heart disease having a limited treatment of
chronic HBV infection. The future therapies mentioned
in this article are primarily focused on the designing
of such therapies that require shorter duration of
treatment, are more efficacious and have fewer side
effects without the development of resistance. The idea
to use therapeutic vaccines as monotherapy and along
with the nucleoside/NUCs may prove to be of great
success in designing future regimens for HBV therapy.
The fact that pharmaceutical companies by realizing
the increased demand of replacing the depleting army
of NUCs are now focusing on Non-nucleoside antivirals
including RNAi’s and other novel protein inhibitors is a
testimony that future therapy of HBV infection is nonNUCS.
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Abstract
AIM: To investigate the effects of nilotinib in a rat
model of indomethacin-induced enterocolitis.
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METHODS: Twenty-one Wistar albino female rats
obtained from Dokuz Eylul University Department
of Laboratory Animal Science were divided into the
following three groups: control (n = 7), indomethacin
(n = 7) and nilotinib (n = 7). A volume of 0.25 mL of
physiological serum placebo was administered to the
control and indomethacin groups through an orogastric
tube for 13 d. To induce enterocolitis, the indomethacin
and nilotinib groups received 7.5 mL/kg indomethacin
dissolved in 5% sodium bicarbonate and administered
subcutaneously in a volume of 0.5 mL twice daily for
three days. Nilotinib was administered 20 mg/kg/d in
two divided doses to the nilotinib group of rats for 13 d
through an orogastric tube, beginning on the same day
as indomethacin administration. For 13 d, the rats were
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fed a standard diet, and their weights were monitored
daily. After the rats were sacrificed, the intestinal
and colonic tissue samples were examined. The
macroscopic and microscopic pathology scores were
evaluated. The pathologist stained all tissue samples
using terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick-end labeling method. Mucosal crypts
and apoptotic cells were quantified. The plateletderived growth factor receptor (PDGFR) α and β scores
assessed by immunohistochemical staining method and
tissue and serum tumor necrosis factor (TNF) α levels
were determined by enzyme-linked immunosorbent
assay.

Many management strategies that include targeting
particular pathways involved in the development of
IBD have been developed. In the present study, we
aimed to investigate the effects of nilotinib in a rat
model of indomethacin-induced enterocolitis. From
our study, it appears that nilotinib had considerable
effects on pathological scores, which indicated positive
effects in mucosal healing. Nilotinib decreased plateletderived growth factor receptor α and β and increased
the colonic apoptotic scores, but it had no significant
effects on weight loss or serum-tissue tumor necrosis
factor α levels.

RESULTS: Between days 1 and 13, the rats in the
nilotinib and indomethacin groups lost significantly
more weight than the controls (-11 g vs +14.14 g, P
= 0.013; -30 g vs +14.14 g, P = 0.003). In the small
intestinal and colonic tissues, the macroscopic scores
were significantly lower in the nilotinib group than
in the indomethacin group (1.14 ± 0.38 and 7.29 ±
2.98, P = 0.005; 1.14 ± 0.38 and 7.43 ± 2.64, P =
0.001, respectively), but the values of the nilotinib
and indomethacin groups were similar to the control
group. In the small intestinal and colonic tissues, the
microscopic scores were significantly lower in the
nilotinib group than in the indomethacin group (3.43 ±
2.99 and 7.67 ± 3.67, P = 0.043; 2.29 ± 0.76 and 8.80
± 2.68, P = 0.003, respectively), but the values were
similar to the control group. The PDGFR β scores in the
small intestine and colon were significantly lower in the
nilotinib group than in the indomethacin group (1.43 ±
0.79 and 2.43 ± 0.54, P = 0.021; 1.57 ± 0.54 and 3 ±
0, P =0.001), and the values were similar to controls.
The colonic PDGFR α scores were significantly lower in
the nilotinib group than in the indomethacin group (1.71
± 0.49 and 3 ± 0, P = 0.001). The colonic apoptosis
scores were significantly lower in the controls than
in the nilotinib group (1.57 ± 1.13 and 4 ± 1.29, P =
0.007). Furthermore, the serum and tissue TNF-α levels
were similar between the nilotinib and indomethacin
groups.

Dervis Hakim G, Soyturk M, Unlu M, Ataca P, Karaman M,
Sagol O, Borekci E, Yilmaz O. Mucosal healing effect of nilotinib
in indomethacin-induced enterocolitis: A rat model. World J
Gastroenterol 2015; 21(44): 12576-12585 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i44/12576.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i44.12576

C O N C L U S I O N : In t h e i n d o m e t h a c i n - i n d u c e d
enterocolitis rat model, nilotinib has a positive effect
on the macroscopic and microscopic pathologic scores,
ensuring considerable mucosal healing. Nilotinib
decreases PDGFR α and β levels and increases the
colonic apoptotic scores, but it has no significant effects
on weight loss and the TNF-α levels.
Key words: Inflammatory bowel disease; Enterocolitis;
Platelet-derived growth factor receptor; Tumor necrosis
factor α; Tyrosine kinase inhibitor; Rats; Mucosal
healing
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Core tip: The etiopathogenesis of inflammatory bowel
diseases (IBDs) has not been clearly elucidated.
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INTRODUCTION
Inflammatory bowel diseases (IBDs) are a group
of idiopathic, chronic and relapsing inflamma
tory conditions of the gastrointestinal tract. The
pathogenesis of IBD is only partially understood;
complex interactions between the immune system,
enteric commensal bacteria and host genotype
[1]
are thought to underlie the development of IBD .
The current guidelines for conventional IBD
therapy recommend the use of aminosalicylates
[sulphasalazine, 5-aminosalicylic acid (5-ASA)],
corticosteroids, or immunosuppressive drugs (aza
thioprine, 6-mercaptopurine, methotrexate, and
cyclosporine A) according to the extent and severity
of disease, the response to current or prior treatment,
[2]
and the presence of complications . The use of these
drugs is limited by side effects, unresponsiveness
[3-8]
or high relapse rates
. The introduction of antiTNF-α drugs has changed the mode of therapy in
patients with Crohn’s disease (CD). Anti-TNF-α drugs
induce clinical remission and significant endoscopic
improvement. However, both immune-mediated
adverse reactions and loss of efficacy with time have
[9,10]
limited their use
.
Currently, mucosal healing, which is referred
to as “endoscopic remission”, has emerged as an
increasingly important therapeutic goal. In CD,
mucosal healing is associated with a decreased need
for hospitalization and surgery, lower costs, decreased
side effects, increased rates of clinical remission,
and improved quality of life. However, there are
no published data on the ability of 5-ASA to induce
[11]
mucosal healing in CD . Among the 92% of CD
patients who achieved clinical remission, 29% achieved
endoscopic remission, and 13% achieved complete
[12,13]
mucosal healing with oral prednisolone
. In
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several studies with immunomodulators (azathioprine
and methotrexate), the mucosal healing rates were
[14-20]
between 11% and 62.5%
. In contrast, mucosal
healing is achieved in approximately 30% of CD
[21-25]
patients who receive anti-TNF therapies
. Briefly,
20%-30% of patients do not respond to biological
therapy, and up to 70% of CD patients will undergo
intestinal resection during the course of their disease.
Hence, the available medical treatment options are
still far from resulting in complete long-term remission
[26,27]
and mucosal healing
. Therefore, it is critically
important to identify new medical treatment options
for IBD.
The protein tyrosine kinases (TKs) constitute a large
family of homologous proteins that have an important
role in regulating intracellular signal transduction
pathways and control a range of fundamental cellular
process, including growth, metabolism, differentiation,
[28]
adhesion and apoptosis . Imatinib, the best-known
member of this class of drugs, is specific for TK
receptor sites and suppresses the Abelson protooncogene (ABL), c-kit proto-oncogene, plateletderived growth factor receptor (PDGFR), macrophage
colony- stimulating factor receptor (c-fms), TNF-α,
[29]
and inducible nitric oxide synthase . Nilotinib is a
highly potent and selective inhibitor of the wild- type
BCR-ABL1, and it was developed for imatinib-resistant
[30-32]
mutants
. Nilotinib reduces the levels of interleukin
(IL)-6, IL-1β, TNF-α, tumor growth factor (TGF) β1,
and PDGFR β more significantly than imatinib, and it
[33]
has a potent antifibrotic effect . More recently, in our
previous study, we demonstrated that nilotinib has a
significant effect on weight loss and macroscopic and
microscopic pathological scores and causes significant
mucosal healing in a rat trinitrobenzene sulfonic acid
[34]
(TNBS)-induced colitis model .
The present study was planned based on the
success of nilotinib demonstrated in our previous study,
and we aimed to investigate the effect of nilotinib in
a chronic enterocolitis rat model that was induced
with indomethacin. For this purpose, we evaluated
the efficacy of nilotinib on weight, macroscopic and
microscopic pathological scores, TNF-α levels, PDGFR
levels, and apoptotic index in rats with indomethacininduced enterocolitis.

MATERIALS AND METHODS
Animals

Approval was obtained from the animal ethics council
of Dokuz Eylul University Faculty of Medicine (DEUTF).
The DEUTF Hospital Experimental Research Laboratory
provided 21 female Wistar albino rats, weighing
226-243 g (mean weight, 241.09 g), for use in this
study. The rats were divided into three groups, each
consisting of seven rats (Table 1).
The rats were maintained at room at a temperature
of 23 ± 2 ℃ under a 12-h light/dark cycle at the
DEUTF Experimental Animal Laboratory. Before and

WJG|www.wjgnet.com

Table 1 Study groups and experimental design
Group

n

1-3 d

4-13 d

1
2
3

7
7
7

Physiological serum
Indomethacin
Indomethacin

Physiological serum
Physiological serum
Nilotinib

during the study, the animals were fed a standard diet,
and their weights were monitored daily. The animals
were also allowed water ad libitum.

Experimental design

After 24 h of fasting, 0.25 mL of physiological serum
was administered to the control group of rats through
an orogastric tube. To induce chronic enterocolitis,
the rats in the other two groups received 7.5 mg/kg
indomethacin dissolved in 5% sodium bicarbonate and
administered in a 0.5-mL volume subcutaneously, two
[35,36]
times a day, for three days
. Across both groups of
rats treated with indomethacin, one of the rats treated
with only indomethacin was found dead on the sixth
day of the experiment. A necropsy was not performed
on this rat.
The indomethacin and control groups received
saline placebo for 13 d through an orogastric tube.
Nilotinib, administered 20 mg/kg/d (Novartis Pharma
AG, Basel, Switzerland) in two divided doses, was
administered to the nilotinib group of rats (n = 7) for
13 d through an orogastric tube, beginning on the
same day as indomethacin administration.
Blood and tissue samples for pathological
examination were obtained from all rats under ether
anesthesia at the end of the 13-d period. All animals
were then sacrificed by decapitation. The abdominal
cavity was opened by a midline incision, and the
stomach, small intestine and colon were dissected.
The intestinal lumen was washed with saline and then
removed and opened along its length. The intestinal
tissue was then fixed with buffered formalin.

Pathological examinations

A pathologist, who was blinded to the group identity
of the intestinal samples, performed the patho
logical evaluation of all tissue samples twice. The
pathologist first examined the tissues macroscopically,
recording the number and size of the ulcers noted.
In addition, each small and large intestinal column
was longitudinally opened according to the method
[37]
reported by Vilaseca et al , and macroscopic scoring
was performed. Tissue sections of the gross ulcerative
lesions and surrounding normal mucosa were then
stained with hematoxylin-eosin (HE). The pathologist
then performed microscopic scoring according to the
[38]
method reported by Dieleman et al .

Apoptosis

The pathologist then stained all tissue samples using
the TUNEL method. Mucosal crypts and apoptotic
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cells were counted along the surface epithelium under
a microscope (Olympus DX51 Tokyo, Japan) at a
magnification of × 400. Using the TUNEL technique, all
cut sections were preserved with lysine for three nights
at 37 ℃ and then treated for one night at 60 ℃ in an
incubator. Thereafter, deparaffinization was performed
with three changes with xylene (20 min) (first xylene
in the incubator, and the others at room temperature).
The tissue sections were then rehydrated by flushing
with a series of alcohol solutions of decreasing degree
(absolute, 96%, 80%, and 70%); the samples were
then stored in distilled water for 5 min. After absorbing
water from the edge of each section, proteinase K
(Invitrogen, United States) was applied for 10 min at
room temperature. The sections were then washed
twice with phosphate-buffered solution (PBS) for a
period of 2 min each. After drying the cross sections,
3% H2O2 (Merck, Germany) was applied for 5 min
to inhibit tissue endogenous peroxidase, and the
sections were then washed twice with PBS for 5 min
each. The cross-section slices were then dried, and
an equilibration buffer (ApopTag Plus peroxidase kit,
Millipore, United States) was applied for 10 min at
room temperature. A total of 55 µL of the enzyme
terminal deoxynucleotidyl transferase was then applied
to each cross section. The cross sections were cover
slipped (ApopTag Plus peroxidase kit, Millipore, United
States) and incubated for 1 h at 37 ℃. Stop/wash
buffer (ApopTag Plus peroxidase kit, Millipore, United
States) was then applied to the sections that were
removed from the incubator for 10 min at room
temperature. The sections were then washed three
times (for 1 min each) with PBS at room temperature,
dried, and incubated with anti-streptavidin-peroxidase
(ApopTag Plus peroxidase kit, Millipore, United States)
at room temperature for 30 min. The sections were
then washed with PBS four times for 2 min each to
determine the visibility of the TUNEL reaction, and
the samples were then stained with diaminobenzidine
(DAB) (DAB-PLUS kit, Invitrogen, United States).
After washing with distilled water, ground staining was
performed using methyl green. The sections were then
washed with three changes of distilled water. After
three changes of the searing process with xylene for
20 min, closure was performed with Entella.

Tissue homogenization and measurement of the tissue
serum TNF-α

The tissue samples obtained from the terminal ileum
were placed in 2-mL microcentrifuge tubes and stored
at -80 ℃ until further use. These tissues were then
removed on the day of the study and warmed to 4 ℃.
Then, 60-80-mg pieces were obtained from these
samples and placed into a tube containing 5-mmdiameter stainless steel beads and phosphate buffer
with a 1:7 ratio (pH 7.2). Microcentrifuge tubes were
introduced into a pre-chilled TissueLyser LT device
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and replaced in a TissueLyser (Qiagen-Germany)
tissue homogenization device. The frequency and
time were adjusted to 50 and 5 min, respectively.
The resulting homogenate was centrifuged for 10
min at 4 ℃ and 5000 × g. Next, an enzyme-linked
immunosorbent assay (ELISA) was performed on
tissue supernatants, and serum was obtained from
centrifugation for identifying TNF-α in accordance with
the manufacturer’s recommendations (Invitrogen, Rat
TNF-α, United States). Finally, the ELISA plates were
spectrophotometrically evaluated at 450 nm (Biotech
Synergy HT, United States).

PDGFR α and β levels

The PDGFR α and β levels were assessed through
staining scores and compared among the groups by
immunohistochemistry. For immunohistochemical
staining, 2-3-micron sections were stored overnight in
the incubator at 40 ℃. The following day, the sections
were washed with xylene, in descending alcohol series,
and distilled water for 20 min. Afterwards, the samples
were boiled for 20 min in an EDTA solution at pH 8.0.
The samples were then stored in DakoFlex peroxidase
solution for 5 min and washed again with Tris-buffered
saline. A primary antibody was then applied: PDGFR
α, in a 1:100 dilution (NOVUS Biologicals, NBP1-19
423, United States) and PDGFR β, in a 1:50 dilution
(NOVUS Biologicals, NBP1-19 473, United States). The
samples were incubated for 30 min, washed with Tris
buffer, stored in DakoFlex HRP solution for 20 min,
washed with Tris buffer again, and stored in DakoFlex
DAB for 7 min. These samples were then washed with
Tris-buffered saline, kept under tap water for 5 min,
stained with Mayer’s hematoxylin solution for 10 min,
washed with tap water for 1 min, rinsed in an alcohol
series, and cleaned with xylene for 5-10 min.
The PDGFR α and β positivity was determined
according to a devised scoring system. According to
this system, a score of +1 was assigned if PDGFR α
and β positivity was confirmed in inflammatory cells
as well as in cells of the lamina propria, stroma, and
submucosal endothelium. A score of +2 was assigned
if PDGFR α and β positivity was confirmed in the
lamina propria and submucosa. A score of +3 was
assigned if PDGFR α and β positivity was confirmed
with widespread staining in the ulcerated areas or
inflammatory cells, fibroblasts, endothelial cells,
submucosa, and mucosa of the surrounding tissue.

Statistical analysis

All statistical procedures were performed using SPSS
software (version 15.0). The Kruskal-Wallis test was
used for multigroup comparisons, while the MannWhitney U test was used to compare the means of
two groups. A P value less than 0.05 was considered
significant.
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Figure 1 Small intestine macroscopic and microscopic scores.

Figure 2 Colon macroscopic and microscopic scores.

RESULTS

and S2).
The mean microscopic score of the small intestine
and colon in the control group was 2 ± 0. The
microscopic pathological scores of the small intestine
and colon were 7.67 ± 3.67 and 8.80 ± 2.68,
respectively, in the indomethacin group. In the nilotinib
group, the mean microscopic pathological score of the
small intestine was 3.43 ± 2.99, and that of the colon
was 2.29 ± 0.76. The mean microscopic scores of the
small intestine were significantly lower in the control
and nilotinib groups than in the indomethacin group (2
± 0 and 7.67 ± 3.67, P = 0.004; 3.43 ± 2.99 and
7.67 ± 3.67, P = 0.043, respectively). The control
and nilotinib groups were similar in terms of the mean
microscopic scores (P > 0.05). The mean microscopic
scores of the colon were significantly lower in the
control and nilotinib groups than in the indomethacin
group (2 ± 0 and 8.80 ± 2.68, P = 0.001; 2.29
± 0.76 and 8.80 ± 2.68, P = 0.003, respectively;
Figures 1 and 2; Figures S1 and S2).
In the PDGFR α and β scoring system, the samples
were classified as +1, +2, and +3, according to their
staining properties. The PDGFR α scores of the small
intestine and colon in the control group were 1 ± 0
and 1.14 ± 0.38, respectively. In the indomethacin
group, the PDGFR α scores of the small intestine and
colon were 2 ± 0.82 and 3 ± 0, respectively. The
PDGFR α scores of the small intestine and colon in the
nilotinib group were 1.43 ± 0.79 and 1.71 ± 0.49,
respectively. There was a significant difference among
the groups in the PDGFR α scores of the small intestine
and colon (P = 0.026, P = 0, respectively). The PDGFR
α scores of the colon were significantly lower in the
control and nilotinib groups than in the indomethacin
group (1.14 ± 0.39 and 3 ± 0, P = 0.001; 1.71 ±
0.49 and 3 ± 0, P = 0.001, respectively). The PDGFR
α scores of the small intestine were significantly lower
in the control group than in the indomethacin group
(1 ± 0 and 2 ± 0.82, P = 0.009). The control and
nilotinib groups as well as indomethacin and nilotinib
groups were similar in terms of the PDGFR α scores of

On the first experimental day, the average rat weights
were similar in all study groups. The average rat
weights were determined daily. The average weight
of the control group of rats increased to 14.14 g
after 13 d. The indomethacin group of rats lost an
average of 30 g throughout the study, and the nilotinib
group of rats lost an average of 11 g. There was a
significant difference among the groups with respect
to average weight throughout the study (P = 0.002).
The differences in the weight between the control
and nilotinib groups and between the control and
indomethacin groups were significant (+14.14 g and
-11 g, respectively, P = 0.013 and +14.14 g and -30
g, respectively, P = 0.003). There was no significant
difference in weight between the indomethacin and
nilotinib groups (-30 g and -11 g, respectively; P =
0.085).
The mean macroscopic pathological score of the
small intestine and colon of the control group was
1 ± 0. In the indomethacin group, the macroscopic
pathological score of the small intestine was 7.29
± 2.98 and that of the colon was 7.43 ± 2.64. On
the other hand, in the nilotinib group, the mean
macroscopic pathological scores of the small intestine
and colon were the same, 1.14 ± 0.38 and 1.14
± 0.38. Adhesion, strictures, broad-based ulcers
and mesenteric cohesiveness were observed in the
indomethacin group of rats. The control and nilotinib
groups were similar in terms of the macroscopic
scores of the small intestine and colon (P > 0.05).
Macroscopic scores were significantly lower in the
control and nilotinib groups than in the indomethacin
group for the small intestine (1 and 7.29 ± 2.98,
P = 0.003; 1.14 ± 0.38 and 7.29 ± 2.98, P =
0.005, respectively). The macroscopic scores were
significantly lower in the control and nilotinib groups
than in the indomethacin group for the colon (1 and
7.43 ± 2.64, P = 0.001; 1.14 ± 0.38 and 7.43 ± 2.64,
P = 0.001, respectively; Figure 1 and 2; Figures S1
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Figure 3 Small intestine platelet-derived growth factor receptor α and β
scores. PDGFR: Platelet-derived growth factor receptor.

Figure 4 Colon platelet-derived growth factor receptor α and β scores.
PDGFR: Platelet-derived growth factor receptor.

the small intestine (P > 0.05). The control and nilotinib
groups were similar in terms of the PDGFR α scores of
the colon (P > 0.05; Figures 3 and 4).
The mean PDGFR β scores of the small intestine
and colon in the control, indomethacin, and nilotinib
groups were 1.14 ± 0.38 and 1.29 ± 0.49; 2.43 ±
0.54 and 3 ± 0; and 1.43 ± 0.79 and 1.57 ± 0.54,
respectively. There was a significant difference among
all groups in terms of the mean PDGFR β scores of
the small intestine and colon (P = 0.004, P = 0.001,
respectively). The PDGFR β scores of the small
intestine were significantly lower in the control and
nilotinib groups than in the indomethacin group (1.14
± 0.38 and 2.43 ± 0.54, P = 0.002; 1.43 ± 0.79 and
2.43 ± 0.54, P = 0.021, respectively). The PDGFR
β scores of the colon were significantly lower in the
control and nilotinib groups than in the indomethacin
group (1.29 ± 0.49 and 3 ± 0, P = 0.001; 1.57 ±
0.54 and 3 ± 0, P = 0.001, respectively). The PDGFR
β scores of the small intestine and colon in the control
and nilotinib groups were similar (P > 0.05; Figures 3
and 4; Figure S3).
The mean serum TNF-α levels in the control,
indomethacin, and nilotinib groups were 0.071 ± 0.003
pg/mL, 0.065 ± 0.005 pg/mL, and 0.083 ± 0.037 pg/
mL, respectively. There was no significant difference
observed among the groups in terms of the mean
serum TNF-α levels (P > 0.05; Figure 5). The average
tissue TNF-α levels in the control, indomethacin, and
nilotinib groups were 0.145 ± 0.242 ng/mL, 0.268 ±
0.061 ng/mL, and 0.292 ± 0.086 ng/mL, respectively.
There was a significant difference among all groups (P
= 0.002). The tissue TNF-α levels were significantly
lower in the control group than in the indomethacin
and nilotinib groups (0.145 ± 0.242 ng/mL and
0.268 ± 0.061 ng/mL, P = 0.004; 0.145 ± 0.242
ng/mL and 0.292 ± 0.086 ng/mL, P = 0.002,
respectively). However, there was no significant
difference between the indomethacin and nilotinib
groups in terms of the mean tissue TNF-α levels (P >

0.05; Figure 5).
The mean numbers of apoptotic cells in the small
intestine and colon in the control, indomethacin, and
nilotinib groups were 1.57 ± 0.79 and 1.57 ± 1.13;
2.50 ± 0.84 and 7.40 ± 2.88; 2.14 ± 1.46 and 4 ±
1.29, respectively. Although, a significant difference
was observed among the groups in the colon (P =
0.002), there was no significant difference among the
groups in the small intestine (P > 0.05). The numbers
of apoptotic cells in the colon were significantly lower
in the control group than in the indomethacin and
nilotinib groups (1.57 ± 1.13 and 7.40 ± 2.88, P
= 0.004; 1.57 ± 1.13 and 4 ± 1.29, P = 0.007,
respectively). There was a significant difference
between the indomethacin and nilotinib groups in
terms of the mean number of apoptotic cells in the
colon (7.40 ± 2.88 and 4 ± 1.29, P = 0.038; Figure
6).
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DISCUSSION
Many management strategies that involve targeting
particular pathways involved in the development of IBD
[39,40]
have been developed
. However, unresponsiveness
to medical treatment in IBD still poses a therapeutic
challenge.
TK receptors play an important role in controlling
most fundamental cellular processes, including cell
cycle, migration, metabolism and survival, as well
[41]
as cell proliferation and differentiation . Nilotinib is
a second-generation tyrosine kinase inhibitor that is
30-fold more potent than imatinib against BCL-ABL
kinase. Nilotinib affects the cornerstone of the steps
in the pathogenesis of IBD, including TNF-α, PDGFR
and nitric oxide synthesis. In our previous study, we
demonstrated that nilotinib has a significant effect
on weight loss and macroscopic and microscopic
pathological scores, and it also leads to significant
mucosal healing in a TNBS-induced acute colitis
[34]
rat model . Until now, no reports in the literature
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Figure 5 Serum and tissue tumor necrosis factor-α scores. TNF: Tumor
necrosis factor.

had evaluated the efficacy of nilotinib in either an
enterocolitis rat model or human enterocolitis. In the
present study, we evaluated the efficacy of nilotinib
in a chronic indomethacin-induced enterocolitis rat
model.
In this study, the weights of the control and
experimental rats were monitored daily. At the end of
the study, the nilotinib group of rats lost less weight
than the indomethacin group of rats, while the control
rats gained weight. However, there was no significant
difference in the weight changes between the
indomethacin and nilotinib groups (P > 0.05). In our
previous study, the nilotinib group rats lost significantly
[34]
less weight than the TNBS group rats (P = 0.047) .
[42]
In another study by Cuzzocrea et al , weight loss was
significantly reduced by seven days of treatment with
a TK inhibitor, Tyrphostin AG 126, in a dinitrobenzene
sulfonic acid-induced colitis animal model.
In recent years, mucosal healing, which is referred
to as ‘endoscopic remission,’ has gained acceptance
as a measure of disease activity and as an end point
in clinical trials. In the present study, the macroscopic
and microscopic pathological scores were significantly
lower in the control and nilotinib groups than in the
indomethacin group for the small intestine and colon (P
< 0.05). The control and nilotinib groups were similar
in terms of the macroscopic and microscopic scores
of the small intestine and colon. These pathological
scores were remarkable and indicate the significant
mucosal healing effect of nilotinib on the small intestine
and colon. These results parallel the results of previous
studies. In our previous study, we demonstrated that
nilotinib has a significant mucosal healing effect on a
[34]
TNBS-induced rat model of colitis . In another study
[42]
conducted by Cuzzocrea et al , TK inhibitor treatment
had a significant histological improvement compared
with control rats. Although there are no human studies
investigating the use of TK inhibitors in patients with
[43]
IBD, the case report by Margo et al , in which there
was long-standing remission of CD under imatinib
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therapy, supports this conclusion. Further experimental
investigations can provide more definitive evidence for
humans.
PDGF is related to the progression and repair of
inflammation and is predictive of both oxidative stress
and angiogenesis in the intestine. PDGF is released in
[44]
response to inflammatory and thrombotic stimuli .
PDGF and its receptors are expressed in mononuclear
inflammatory cells in areas of active inflammation in
the ulcer base as well as in mucosal inflammation. It
plays an important role in neovascularization in acute
inflammation, the repair process and fibrogenesis
[45]
in IBD . Therefore, control of PDGFR β expression
may be beneficial in chronic intestinal inflammation
and prevent intestinal fibrosis. In our study, PDGFR β
scores were significantly lower in the nilotinib group
than in the indomethacin group in the small intestine
and colon (P < 0.05), while the PDGFR β scores in
the control and nilotinib groups were similar. These
results parallel those of our previous study, which
investigated the effects of nilotinib in a TNBS-induced
[34]
model of rat colitis . However, no previous studies
have investigated the effect of TK inhibitors on PDGFR
β in an enterocolitis animal model. The results of our
study suggest that nilotinib demonstrates its effect on
mucosal healing in enterocolitis by reducing PDGFR.
TNF-α is expressed on immune cells and plays a
critical role in the immune response and pathogenesis
of IBD. TNF-α affects the expression of adhesion
molecules, fibroblast proliferation, procoagulant
factors, initiation of cytotoxic, apoptotic and acute[46]
phase responses . The TNF-α level correlates
[47]
with the clinical activity of IBD . Therefore, the
management of IBD has dramatically changed with
the advent of biological therapies. In our study, the
levels of serum and tissue TNF-α levels were similar in
the nilotinib and indomethacin groups. Similarly, our
previous study showed that nilotinib has no significant
effect on the TNF-α levels in a TNBS-induced model of
[34]
colitis in rats . These results indicated that nilotinib
might have no significant effect on the TNF-α levels
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in intestinal tissue. However, previous studies have
shown that TNF-α and IL-1β, both proinflammatory
cytokines synthesized in the colon, are reduced with
[42,48]
TK inhibitors
. TNF-α is an unstable molecule that is
affected by environmental factors. In a previous study,
serum and tissue TNF-α levels were only measured
once, and the results may be more reliable if the
samples are measured more often.
CD is the result of an imbalanced mucosal T cell
response. The recent data have shown that the most
powerful therapeutic approaches inhibit T cell survival
by inducing apoptosis, and these approaches include
effects on complex pathways. Several studies have
shown that the absence of PDGFR β induces the
intrinsic pathway of TNF-related apoptosis, resulting
[49-51]
in ligand-induced apoptosis
. In the present study,
no significant difference was observed among the
groups in terms of the apoptotic index in the small
intestine, while the apoptotic indexes in the nilotinib
and indomethacin group of rats were higher than
in the control group of rats. On the other hand, in
the colon, the apoptotic indexes of the nilotinib and
indomethacin groups were significantly higher than
[52]
that of the control group. D’Argenio et al reported on
apoptotic cells and the expression levels of apoptotic
proteins and in TNBS-induced colitis over a period of
4 wk. According to the study results, the apoptotic cell
count was significantly decreased after the first week,
according to the TUNEL method. The similar apoptotic
scores that were detected in our study may be because
the apoptotic cell peak could not be obtained after 14
d. Furthermore, similar results for the TNF-α levels and
apoptosis scores in our study may also suggest that
nilotinib has no significant effect on the TNF-α levels
and apoptosis.
In conclusion, nilotinib has a significant healing
effect on the macroscopic and microscopic pathologic
scores and ensures considerable mucosal healing in
the indomethacin-induced enterocolitis rat model.
While nilotinib decreased the PDGFR α and β levels
and apoptotic scores in the colon, it did not have a
significant effect on the weight and TNF-α levels.
Further experimental investigations could provide
more definitive evidence for humans.

COMMENTS
COMMENTS
Background

Nilotinib is a TK inhibitor used as an anticancer drug that affects the
cornerstone of the steps in the pathogenesis of IBD, including TNF-α, PDGFR
and NO synthesis. The authors concluded that nilotinib has a significant healing
effect on the macroscopic and microscopic pathologic scores and ensures
considerable mucosal healing in the indomethacin-induced enterocolitis rat
model. While nilotinib decreased the PDGFR α and β levels and apoptotic
scores in the colon, it did not have a significant effect on weight or TNF-α
levels.

Innovations and breakthroughs

Available medical treatment options are still far from resulting in complete longterm remission and mucosal healing in IBD. Therefore, it is critically important
to identify new medical treatment options for IBD. Nilotinib is a strong TK
inhibitor that affects the cornerstone of IBD pathogenesis. Previously, Ataca
et al demonstrated that nilotinib prevents weight loss, decreases macroscopic
and microscopic pathological scores, and improves mucosal healing in a
trinitrobenzene sulfonic acid-induced colitis model in rats. In the present study,
the authors evaluated the efficacy of nilotinib in a chronic indomethacin-induced
enterocolitis rat model.

Applications

The results of this study suggest that nilotinib has a significant effect on the
macroscopic and microscopic pathologic scores in the indomethacin-induced
enterocolitis rat model. While nilotinib decreased the PDGFR α and β levels
and apoptotic scores in the colon, it did not have a significant effect on weight
or TNF-α levels. Nilotinib can demonstrate its effect on mucosal healing in
enterocolitis by reducing PDGFR. These results suggest that nilotinib may be
effective in patients with IBD. The findings of this study shed light on important
considerations for future clinical practice. Therefore, further experimental
investigations could provide more definitive evidence for humans.

Terminology

IBD are a group of idiopathic, chronic, and relapsing inflammatory conditions
of the gastrointestinal tract. The protein TKs constitute a large family of
homologous proteins that have an important role in regulating intracellular
signal transduction pathways and control a range of fundamental cellular
process, including growth, metabolism, differentiation, adhesion and apoptosis.
TK inhibitors are drugs that block these pathways. Nilotinib is a highly potent
TK inhibitor. Indomethacin-induced enterocolitis is well-established rat model of
mucosal inflammation that has been used in the study of IBD pathogenesis.

Peer-review

This is a very well-designed study that focuses on an area of clinical need in the
treatment of IBD. The authors investigated the ability of nilotinib to treat various
clinical, laboratory and pathological parameters. The authors demonstrated
that nilotinib decreased macroscopic and microscopic pathological scores and
improved mucosal healing in an indomethacin-induced enterocolitis rat model.
The authors showed that while nilotinib decreased PDGFR α and β levels and
apoptotic scores in the colon, the treatment did not have a significant effect on
weight or TNF-α levels.

REFERENCES

The pathogenesis of inflammatory bowel diseases (IBD) is only partially
understood; complex interactions between the immune system, enteric
commensal bacteria and the host genotype are thought to underlie IBD
development. These particular pathways are targets for drugs used to treat IBD.
Side effects, unresponsiveness, high relapse rates, immune-mediated adverse
reactions and loss of efficacy with time have limited the use of these drugs. The
protein tyrosine kinases (TKs) constitute a large family of homologous proteins
that have an important role in regulating intracellular signal transduction
pathways and control a range of fundamental cellular process, including
growth, metabolism, differentiation, adhesion and apoptosis. To establish a new
alternative treatment option, the authors selected a TK inhibitor drug, nilotinib,
that affects TNF-α, platelet-derived growth factor receptor (PDGFR) and nitric
oxide (NO) synthesis.

WJG|www.wjgnet.com

Research frontiers

1

2
3

4

12583

Loftus EV. Clinical epidemiology of inflammatory bowel
disease: Incidence, prevalence, and environmental influences.
Gastroenterology 2004; 126: 1504-1517 [PMID: 15168363 DOI:
10.1053/j.gastro.2004.01.063]
Hanauer SB, Present DH. The state of the art in the management
of inflammatory bowel disease. Rev Gastroenterol Disord 2003; 3:
81-92 [PMID: 12776005]
Sandborn WJ, Feagan BG. Review article: mild to moderate
Crohn’s disease--defining the basis for a new treatment algorithm.
Aliment Pharmacol Ther 2003; 18: 263-277 [PMID: 12895211
DOI: 10.1046/j.1365-2036.2003.01661.x]
Cammà C, Giunta M, Rosselli M, Cottone M. Mesalamine in the
maintenance treatment of Crohn’s disease: a meta-analysis adjusted
for confounding variables. Gastroenterology 1997; 113: 1465-1473

November 28, 2015|Volume 21|Issue 44|

Dervis Hakim G et al . Nilotinib effects on indomethacin-induced enterocolitis

5

6
7

8

9
10

11
12

13

14

15

16

17

18
19

[PMID: 9352848 DOI: 10.1053/gast.1997.v113.pm9352848]
Lochs H, Mayer M, Fleig WE, Mortensen PB, Bauer P, Genser D,
Petritsch W, Raithel M, Hoffmann R, Gross V, Plauth M, Staun M,
Nesje LB. Prophylaxis of postoperative relapse in Crohn’s disease
with mesalamine: European Cooperative Crohn’s Disease Study
VI. Gastroenterology 2000; 118: 264-273 [PMID: 10648454 DOI:
10.1016/S0016-5085(00)70208-3]
Stein RB, Hanauer SB. Medical therapy for inflammatory bowel
disease. Gastroenterol Clin North Am 1999; 28: 297-321 [PMID:
10372270 DOI: 10.1016/S0889-8553(05)70058-3]
Feagan BG, Rochon J, Fedorak RN, Irvine EJ, Wild G,
Sutherland L, Steinhart AH, Greenberg GR, Gillies R, Hopkins
M. Methotrexate for the treatment of Crohn’s disease. The
North American Crohn’s Study Group Investigators. N Engl
J Med 1995; 332: 292-297 [PMID: 7816064 DOI: 10.1056/
NEJM199502023320503]
Feagan BG, Fedorak RN, Irvine EJ, Wild G, Sutherland L,
Steinhart AH, Greenberg GR, Koval J, Wong CJ, Hopkins M,
Hanauer SB, McDonald JW. A comparison of methotrexate with
placebo for the maintenance of remission in Crohn’s disease.
North American Crohn’s Study Group Investigators. N Engl J
Med 2000; 342: 1627-1632 [PMID: 10833208 DOI: 10.1056/
NEJM200006013422202]
Williams I, Goh J. Investigational new drugs in the treatment of
inflammatory bowel disease: a review. J Exp Pharmacol 2011; 3:
13-19 [DOI: 10.2147/ JEP.S7806]
Ardizzone S, Bianchi Porro G. Inflammatory bowel disease:
new insights into pathogenesis and treatment. J Intern Med
2002; 252: 475-496 [PMID: 12472908 DOI: 10.1046/
j.1365-2796.2002.01067.x]
Kakkar A, Wasan SK, Farraye FA. Targeting mucosal healing in
Crohn’s disease. Gastroenterol Hepatol (N Y) 2011; 7: 374-380
[PMID: 21869869]
Landi B, Anh TN, Cortot A, Soule JC, Rene E, Gendre JP, Bories P,
See A, Metman EH, Florent C. Endoscopic monitoring of Crohn’
s disease treatment: a prospective, randomized clinical trial. The
Groupe d’Etudes Therapeutiques des Affections Inflammatoires
Digestives. Gastroenterology 1992; 102: 1647-1653 [PMID:
1568574]
Modigliani R, Mary JY, Simon JF, Cortot A, Soule JC, Gendre
JP, Rene E. Clinical, biological, and endoscopic picture of
attacks of Crohn’s disease. Evolution on prednisolone. Groupe d’
Etude Thérapeutique des Affections Inflammatoires Digestives.
Gastroenterology 1990; 98: 811-818 [PMID: 2179031]
Mañosa M, Naves JE, Leal C, Cabré E, Moreno V, LorenzoZuñiga V, Boix J, Domènech E. Does methotrexate induce mucosal
healing in Crohn’s disease? Inflamm Bowel Dis 2010; 16: 377-378
[PMID: 19575354 DOI: 10.1002/ibd.21015]
Laharie D, Reffet A, Belleannée G, Chabrun E, Subtil C, Razaire S,
Capdepont M, de Lédinghen V. Mucosal healing with methotrexate
in Crohn’s disease: a prospective comparative study with
azathioprine and infliximab. Aliment Pharmacol Ther 2011; 33:
714-721 [PMID: 21235604 DOI: 10.1111/j.1365-2036.2010.04569.
x]
Sandborn WJ, Van O EC, Zins BJ, Tremaine WJ, Mays
DC, Lipsky JJ. An intravenous loading dose of azathioprine
decreases the time to response in patients with Crohn’s disease.
Gastroenterology 1995; 109: 1808-1817 [PMID: 7498645 DOI:
10.1016/0016-5085(95)90747-5]
D’Haens G, Geboes K, Ponette E, Penninckx F, Rutgeerts
P. Healing of severe recurrent ileitis with azathioprine
therapy in patients with Crohn’s disease. Gastroenterology
1997; 112: 1475-1481 [PMID: 9136824 DOI: 10.1016/
S0016-5085(97)70027-1]
D’Haens G, Geboes K, Rutgeerts P. Endoscopic and histologic
healing of Crohn’s (ileo-) colitis with azathioprine. Gastrointest
Endosc 1999; 50: 667-671 [PMID: 10536324]
D’Haens GR, Vermeire S, Van Assche G, Noman M, Aerden I, Van
Olmen G, Rutgeerts P. Therapy of metronidazole with azathioprine
to prevent postoperative recurrence of Crohn’s disease: a controlled

WJG|www.wjgnet.com

20

21

22

23

24

25

26

27
28
29

30

31

32

33

12584

randomized trial. Gastroenterology 2008; 135: 1123-1129 [PMID:
18727929 DOI: 10.1053/j.gastro.2008.07.010]
Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ,
Kornbluth A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond
RH, Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P.
Infliximab, azathioprine, or combination therapy for Crohn’s
disease. N Engl J Med 2010; 362: 1383-1395 [PMID: 20393175
DOI: 10.1056/NEJMoa0904492]
Rutgeerts P, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber S,
Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W, Hanauer
SB. Comparison of scheduled and episodic treatment strategies
of infliximab in Crohn’s disease. Gastroenterology 2004; 126:
402-413 [PMID: 14762776 DOI: 10.1053/j.gastro.2003.11.014]
Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber
S, Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W,
Rutgeerts P. Maintenance infliximab for Crohn’s disease: the
ACCENT I randomised trial. Lancet 2002; 359: 1541-1549 [PMID:
12047962 DOI: 10.1016/S0140-6736(02)08512-4]
Rutgeerts P, Van Assche G, Sandborn WJ, Wolf DC, Geboes K,
Colombel JF, Reinisch W, Kumar A, Lazar A, Camez A, Lomax
KG, Pollack PF, D’Haens G. Adalimumab induces and maintains
mucosal healing in patients with Crohn’s disease: data from the
EXTEND trial. Gastroenterology 2012; 142: 1102-1111.e2 [PMID:
22326435 DOI: 10.1053/j.gastro.2012.01.035]
Colombel JF, Lémann M, Bouhnik Y. Endoscopic Mucosal
Improvement in Patients With Active Crohn’s Disease Treated
With Certolizumab Pegol: Week 10 and 54 Results of the Music
Trial. Gastroenterology AGA 2010; 138: S166 [DOI: 10.1016/
S0016-5085(10)60761-5]
Sandborn WJ, Colombel JF, Enns R, Feagan BG, Hanauer SB,
Lawrance IC, Panaccione R, Sanders M, Schreiber S, Targan S,
van Deventer S, Goldblum R, Despain D, Hogge GS, Rutgeerts
P. Natalizumab induction and maintenance therapy for Crohn’s
disease. N Engl J Med 2005; 353: 1912-1925 [PMID: 16267322
DOI: 10.1056/NEJMoa043335]
Papi C, Fascì-Spurio F, Rogai F, Settesoldi A, Margagnoni G,
Annese V. Mucosal healing in inflammatory bowel disease:
treatment efficacy and predictive factors. Dig Liver Dis 2013; 45:
978-985 [PMID: 24018244 DOI: 10.1016/j.dld.2013.07.006]
Dave M, Loftus EV. Mucosal healing in inflammatory bowel
disease-a true paradigm of success? Gastroenterol Hepatol (N Y)
2012; 8: 29-38 [PMID: 22347830]
Robinson DR, Wu YM, Lin SF. The protein tyrosine kinase family
of the human genome. Oncogene 2000; 19: 5548-5557 [PMID:
11114734 DOI: 10.1038/sj.onc.1203957]
Manley PW, Stiefl N, Cowan-Jacob SW, Kaufman S, Mestan J,
Wartmann M, Wiesmann M, Woodman R, Gallagher N. Structural
resemblances and comparisons of the relative pharmacological
properties of imatinib and nilotinib. Bioorg Med Chem 2010; 18:
6977-6986 [PMID: 20817538 DOI: 10.1016/j.bmc.2010.08.026]
Weisberg E, Manley PW, Breitenstein W, Brüggen J, CowanJacob SW, Ray A, Huntly B, Fabbro D, Fendrich G, Hall-Meyers
E, Kung AL, Mestan J, Daley GQ, Callahan L, Catley L, Cavazza
C, Azam M, Neuberg D, Wright RD, Gilliland DG, Griffin JD.
Characterization of AMN107, a selective inhibitor of native and
mutant Bcr-Abl. Cancer Cell 2005; 7: 129-141 [PMID: 15710326
DOI: 10.1016/j.ccr.2005.01.007]
Weisberg E, Manley P, Mestan J, Cowan-Jacob S, Ray A, Griffin
JD. AMN107 (nilotinib): a novel and selective inhibitor of BCRABL. Br J Cancer 2006; 94: 1765-1769 [PMID: 16721371 DOI:
10.1038/sj.bjc.6603170]
Manley PW, Drueckes P, Fendrich G, Furet P, Liebetanz J,
Martiny-Baron G, Mestan J, Trappe J, Wartmann M, Fabbro
D. Extended kinase profile and properties of the protein kinase
inhibitor nilotinib. Biochim Biophys Acta 2010; 1804: 445-453
[PMID: 19922818 DOI: 10.1016/j.bbapap.2009.11.008]
Rhee CK, Lee SH, Yoon HK, Kim SC, Lee SY, Kwon SS,
Kim YK, Kim KH, Kim TJ, Kim JW. Effect of nilotinib on
bleomycin-induced acute lung injury and pulmonary fibrosis in
mice. Respiration 2011; 82: 273-287 [PMID: 21659722 DOI:

November 28, 2015|Volume 21|Issue 44|

Dervis Hakim G et al . Nilotinib effects on indomethacin-induced enterocolitis

34

35

36

37

38

39
40
41
42

43

10.1159/000327719]
Ataca P, Soyturk M, Karaman M, Unlu M, Sagol O, Dervis Hakim
G, Yilmaz O. Nilotinib-mediated mucosal healing in a rat model
of colitis. World J Gastroenterol 2013; 19: 6237-6244 [PMID:
24115822 DOI: 10.3748/wjg.v19.i37.6237]
Yamada T, Deitch E, Specian RD, Perry MA, Sartor RB, Grisham
MB. Mechanisms of acute and chronic intestinal inflammation
induced by indomethacin. Inflammation 1993; 17: 641-662 [PMID:
7906675 DOI: 10.1007/BF00920471]
Kawada M, Arihiro A, Mizoguchi E. Insights from advances in
research of chemically induced experimental models of human
inflammatory bowel disease. World J Gastroenterol 2007; 13:
5581-5593 [PMID: 17948932 DOI: 10.3748/wjg.v13.i42.5581]
Vilaseca J, Salas A, Guarner F, Rodríguez R, Martínez M,
Malagelada JR. Dietary fish oil reduces progression of chronic
inflammatory lesions in a rat model of granulomatous colitis. Gut
1990; 31: 539-544 [PMID: 2161781 DOI: 10.1136/gut.31.5.539]
Dieleman LA, Palmen MJ, Akol H, Bloemena E, Peña AS,
Meuwissen SG, Van Rees EP. Chronic experimental colitis induced
by dextran sulphate sodium (DSS) is characterized by Th1 and Th2
cytokines. Clin Exp Immunol 1998; 114: 385-391 [PMID: 9844047
DOI: 10.1046/j.1365-2249.1998.00728.x]
Baumgart DC, Carding SR. Inflammatory bowel disease: cause
and immunobiology. Lancet 2007; 369: 1627-1640 [PMID:
17499605 DOI: 10.1016/S0140-6736(07)60750-8]
Engel MA, Neurath MF. New pathophysiological insights and
modern treatment of IBD. J Gastroenterol 2010; 45: 571-583
[PMID: 20213337 DOI: 10.1007/s00535-010-0219-3]
Schlessinger J. Cell signaling by receptor tyrosine kinases.
Cell 2000; 103: 211-225 [PMID: 11057895 DOI: 10.1016/
S0092-8674(00)00114-8]
Cuzzocrea S, McDonald MC, Mazzon E, Mota-Filipe H, Lepore
V, Ciccolo A, Terranova ML, Britti D, Caputi AP, Thiemermann
C. The tyrosine kinase inhibitor tyrphostin AG 126 reduced the
development of colitis in the rat. Lab Invest 2000; 80: 1439-1453
[PMID: 11005212 DOI: 10.1038/Labinvest.3780151]
Magro F, Costa C. Long-standing remission of Crohn’s disease
under imatinib therapy in a patient with Crohn’s disease. Inflamm
Bowel Dis 2006; 12: 1087-1089 [PMID: 17075351 DOI:

44

45
46
47

48
49

50

51

52

10.1097/01.mib.0000232468.15950.34]
Krzystek-Korpacka M, Neubauer K, Matusiewicz M. Plateletderived growth factor-BB reflects clinical, inflammatory and
angiogenic disease activity and oxidative stress in inflammatory
bowel disease. Clin Biochem 2009; 42: 1602-1609 [PMID:
19679116 DOI: 10.1016/j.clinbiochem.2009.08.002]
Bonner JC. Regulation of PDGF and its receptors in fibrotic
diseases. Cytokine Growth Factor Rev 2004; 15: 255-273 [PMID:
15207816 DOI: 10.1016/j.cytogfr.2004.03.006]
Baumann H, Gauldie J. The acute phase response. Immunol Today
1994; 15: 74-80 [PMID: 7512342 DOI: 10.1016/0167-5699(94)90
137-6]
Reimund JM, Wittersheim C, Dumont S, Muller CD, Baumann R,
Poindron P, Duclos B. Mucosal inflammatory cytokine production
by intestinal biopsies in patients with ulcerative colitis and Crohn’s
disease. J Clin Immunol 1996; 16: 144-150 [PMID: 8734357 DOI:
10.1007/BF01540912]
De Backer O, Lefebvre RA. Is there a role for imatinib in
inflammatory bowel disease? Inflamm Bowel Dis 2008; 14:
579-581 [PMID: 18050299 DOI: 10.1002/ibd.20320]
Nair DG, Miller KG, Lourenssen SR, Blennerhassett MG.
Inflammatory cytokines promote growth of intestinal smooth
muscle cells by induced expression of PDGF-Rβ. J Cell Mol Med
2014; 18: 444-454 [PMID: 24417820 DOI: 10.1111/jcmm.12193]
Liu Y, Wang Z, Kwong SQ, Lui EL, Friedman SL, Li FR, Lam
RW, Zhang GC, Zhang H, Ye T. Inhibition of PDGF, TGF-β, and
Abl signaling and reduction of liver fibrosis by the small molecule
Bcr-Abl tyrosine kinase antagonist Nilotinib. J Hepatol 2011; 55:
612-625 [PMID: 21251937 DOI: 10.1016/j.jhep.2010.11.035]
Wang Y, Mandal D, Wang S, Kleinerman ES, Pollock RE, Lev
D, Hayes-Jordan A. Platelet-derived growth factor receptor beta
inhibition increases tumor necrosis factor-related apoptosisinducing ligand (TRAIL) sensitivity: imatinib and TRAIL dual
therapy. Cancer 2010; 116: 3892-3902 [PMID: 20564078 DOI:
10.1002/cncr.25107]
D’Argenio G, Farrace MG, Cosenza V, De Ritis F, Della Valle N,
Manguso F, Piacentini M. Expression of apoptosis-related proteins
in rat with induced colitis. Int J Colorectal Dis 2004; 19: 451-460
[PMID: 15083321 DOI: 10.1007/s00384-004-0585-5]
P- Reviewer: Benkoe T S- Editor: Yu J L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

12585

November 28, 2015|Volume 21|Issue 44|

World J Gastroenterol 2015 November 28; 21(44): 12586-12592
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i44.12586

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Hepatitis B virus infection and genotype in asymptomatic
people from 10 ethnic groups in Yunnan, China
Yuan-Ying Shen, Wei Hou, Zhan-Qiu Yang, Wen Xiao
Yuan-Ying Shen, Wei Hou, Zhan-Qiu Yang, Institute of
Virology, Medical School of Wuhan University, Wuhan 430071,
Hubei Province, China
Yuan-Ying Shen, Dali University, Dali 671000, Yunnan
Province, China
Wen Xiao, Institute of Eastern-Himalaya Biodiversity Research,
Dali University, Dali 671000, Yunnan Province, China
Author contributions: Shen YY, Hou W and Yang ZQ designed
the research; Shen YY and Hou W preformed the research; Shen
YY and Yang ZQ contributed reagents/analytic tools; Shen YY
and Xiao W analyzed the data and wrote the paper; Hou W and
Yang ZQ revised the paper.
Supported by National Nature Science Foundation of China,
No. 30560136.
Institutional review board statement: The study was reviewed
by Institutional Review Board of Dali University.
Institutional animal care and use committee statement: The
manuscript did not relate to any animal use and care.
Conflict-of-interest statement: We declare that we have
no financial or personal relationships with other people or
organizations that can inappropriately influence our work, and
there is no professional or other personal interest of any nature
or kind in any product, service and/or company that could be
construed as influencing the position presented in, or the review
of, the manuscript.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

WJG|www.wjgnet.com

Correspondence to: Zhan-Qiu Yang, Professor, Institute of
Virology, Medical School of Wuhan University, No. 115 Dong
Hu Road, Wuhan 430071, Hubei Province,
China. yangzhanqiu@163.com
Telephone: +86-27-68759136
Fax: +86-27-68759136
Received: February 24, 2015
Peer-review started: February 26, 2015
First decision: March 26, 2015
Revised: April 12, 2015
Accepted: August 25, 2015
Article in press: August 25, 2015
Published online: November 28, 2015

Abstract
AIM: To evaluate the infection and genotype distribution
of hepatitis B virus (HBV) in ethnic groups in Yunnan,
China.
METHODS: Two thousand five hundred and eightyfour asymptomatic local people from 10 ethnic groups
were investigated in Yunnan, China. Infection and
genotype distribution were evaluated by serological
and genetic methods. Genotyping was verified by
sequencing. Ethnic genotype distribution was compared
by proportion test.
RESULTS: Four types of infection model based on
HBV serum markers were identified, and the average
HBV infection rate was 5.7% in those asymptomatic
local people. The genotype prevalence was 59.6% for
B, 21.1% for C and 19.3% BC; subgenotypes Ba, Cs
and Ce were identified in this study. Hepatitis B surface
antigen-positive rate and the proportion of genotype B
were significantly lower in ethnic groups with a northern
origin compared to those with a southern origin (50%
vs 73.9%, P = 0.037; 4.2% vs 10.5%, P = 0.000).
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CONCLUSION: Genotype B is dominant and genotype
BC has high occurrence in asymptomatic local ethnic
groups in Yunnan. HBV infection status and genotype
distribution may associate with ethnic origin.
Key words: Hepatitis B virus; Infection and genotype;
Ethnic distribution; BC genotype; Yunnan; China
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) infection and genotype
distribution were evaluated in asymptomatic local
people from 10 ethnic groups in Yunnan, China. The
genotype prevalence rate was 59.6% for B, 21.1% for
C and 19.3% BC; hepatitis B surface antigen-positive
rate and the proportion of genotype B were significantly
lower in ethnic groups with a northern origin compared
to those with a southern origin. Our results suggested
that HBV infection status and genotype distribution
may associate with ethnic origin. It may also give some
hint on understanding virus evolution.
Shen YY, Hou W, Yang ZQ, Xiao W. Hepatitis B virus infection
and genotype in asymptomatic people from 10 ethnic groups
in Yunnan, China. World J Gastroenterol 2015; 21(44):
12586-12592 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i44/12586.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i44.12586

INTRODUCTION
Hepatitis B is a global public health threat. This chronic
disease leads to the development of liver cirrhosis (LC)
[1]
and hepatocellular carcinoma (HCC) . According to
official World Health Organization website, one-third
of the world’s population, or approximately 2 billion
people, have been infected with hepatitis B virus (HBV),
and there are approximately 350 million people with
chronic HBV worldwide. The situation is even worse in
China: the prevalence of chronic HBV infection is up to
10%-20% in the population, which account for three[2]
quarters of cases in the world , and half a million
[3]
people are killed by HBV each year . Although acute
HBV infection has declined due to implementation
of vaccination, HBV-related complications are still
[4]
increasing .
Based on its genomic structure and sequence
differences, HBV has been divided into nine genotypes,
[5-9]
A-I, as well as corresponding subgenotypes . The
various HBV genotypes are associated with differences
[10]
[11]
in pathogenicity , disease progression , and
[12]
responses to antiviral drugs . Studies have found that
the distribution of HBV genotypes/subgenotypes has
[13]
remarkable geographical characteristics , which may
[14]
relate to the anthropologic history of the region .
Moreover, DNA recombination is a significant and
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[15]

relatively frequent event in the evolution of HBV .
There have been increasing reports regarding HBV
[16]
hybrids or mixed genotypes , wherein part of the
viral genome of a certain HBV genotype is replaced
by the corresponding part of another HBV genotype.
The existence of AD genotype is reported in Italy and
South Africa, BC is identified in Southeast Asia, and
[16]
CD is limited to China . Reports in China show that
mixed genotype occurs more in those regions with
multi-ethnic society, suggesting that this genotype
distribution may be related to both geography and
[17]
ethnicity .
Yunnan is located in southwest China. It is char
acterized by the highest geographic diversity as well as
the highest biodiversity and the most diverse mixture
[18]
of ethnic groups in China . The distinct geographical
location and cultural background of Yunnan province
result in the diverse epidemiological characteristics
of blood-borne HBV infection in this region. However,
ethnic distribution of infection and genotypes remains
[4]
unclear .
In this study, we assessed the HBV genotype
distribution and infection status in asymptomatic
people from 10 ethnic groups in Yunnan, China; 6 of
them (Bai, Lisu, Achang, Mosuo, Naxi and Dulong)
were judged to originate from Shanxi, Qinghai and
Gansu regions in northern China 4000-5000 years
[18]
ago . Because C dominates the HBV distribution
in northern China while B is dominant in southern
[2]
China , we hypothesized that genotype B dominates
in Yunnan. Moreover, if historical origin impacted
genotype distribution, those people with a northern
ethnic background are likely to have a lower genotype
B prevalence.

MATERIALS AND METHODS
Materials

Intravenous blood samples were collected from 2584
asymptomatic people (1153 males and 1431 females,
villagers without any sign of HBV infection) from 10
ethnic groups in west Yunnan. Their ethnic background
was identified with household registration. Only those
with consistent ethnic records in 3 generations are
included. Their sera were separated and stored at
-20 ℃ for later analysis of the infection status and
genotypes/subgenotypes.
We used the following toolkits for our analysis:
ELISA kits (Shanghai Kehua Bio-engineering company);
Taq DNA polymerase (Bio Bisic Inc); the restriction
endonucleases StuⅠ, HpaⅠ, BstE Ⅱ, and BcnⅠ (MBI
Fermentas); 10 × polymerase chain reaction (PCR)
2+
Buffer (Mg ) (Bio Bisic Inc.); MgCl 2 (Bio Bisic
Inc.); medical virological Tris base (Bio Bisic Inc.);
DNA Marker D (Bio Bisic Inc.); agarose gel (United
States AMRESCO); boric acid, EDTA, dNTPs, and
primers (Shanghai Sangon Inc.); PCR amplification
instrumentation (Perkin Elmer 9600, United States);
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Table 1 The primer sequences for identifying the hepatitis B virus genotypes/subgenotypes
Gene identification
Genotype
(A-F)

PCR

Primer

Primer sequence

Site

1st PCR

P1 (s)
S1-2 (as)
B2 (s)
BA1R (as)
BB1R (as)
BC1R (as)
BD1 (s)
BE1 (s)
BF1 (s)
B2R (s)
PC1 (s)
PC2 (s)
COR-HBV (as)
HBV964F (s)
HBV970F2 (s)
HBV1272R (as)

5’-TCA CCA TAT TCT TGG GAA CAA GA-3’
5’-CGA ACC ACT GAA CAA ATG GC -3’
5’-GGC TCM AGT TCM GGA ACA GT-3’
5’-CTC GCG GAG ATT GAC GAG ATG T-3’
5’-CAG GTT GGT GAG TGA CTG GAG A-3’
5’-GGT CCT AGG AAT CCT GAT GTT G-3’
5’-GCC AAC AAG GTA GGA GCT-3’
5’-CAC CAG AAA TCC AGA TTG GGA CCA-3’
5’-GYT ACG GTC CAG GGT TAC CA-3’
5’-GGA GGC GGA TYT GCT GGC AA-3’
5’-CAT GCA ACT TTT TCA CCT CTG CCT-3’
5’-ATT AGA CCT ATT GAT TGG AAA GT-3’
5’-GAG TGC GAA TCC ACA CTC CA-3’
5’-ATT AGA CCT ATT GAT TGG AAA GT-3’
5’-CCT ATT GAT TGG AAA GTA TGT CA-3’
5’-AGT ATG GAT CGG CAG AGG AG-3’

nt2823–2845
nt685–704
nt67–86
nt113–134
nt324–345
nt 165–186
nt 2979–2996
nt 2955–2978
nt 3032–3051
nt 3078–3097
nt1813-1836
nt1861-1881
nt2285-2266
nt964-986
nt970-992
nt1272-1253

2nd PCR
mixA

mixB

Subgenotype
B (B1 and B2)

1st PCR
2nd PCR

C (C1 and C2)

1st PCR
2nd PCR

(s): Sense; (as): Anti-sense; M: A or C; Y: C or T; HBV: Hepatitis B virus; PCR: Polymerase chain reaction.

an electrophoresis groove (DYCR-31D, Beijing Liuyi
Instrument Factory); and the Syngene Automatic
Image Analysis System (GGMID2, Britain’s Gene Inc).

Methods

Detection of serum markers for hepatitis B: Serum
markers for hepatitis B were tested with an enzymelinked immunosorbent assay (ELISA) kit according
to the manufacturer’s instructions. The kit contained
HBsAg, HBsAb, HBeAg, HBeAb and HBcAb.
HBV DNA extraction: HBV DNA was extracted using
[19]
the methods described previously
and stored at
-80 ℃.
Primer design and synthesis: Primer sequences
were listed in Table 1, and primers were synthesized
by Sangon Biotech Co., Ltd. (Shanghai).
Identification of the HBV genotypes and subge
notypes: Genotypes were identified according to the
[20]
methods described in an earlier study . Specifically,
the following procedure was followed with a 40 μL
reaction system for the first round of PCR amplification.
Cycle parameters were as follows: an initial 10
min denaturation at 94 ℃ followed by 40 cycles of
amplification at 94 ℃ for 20 s, 55 ℃ for 20 s, and 72 ℃
for 60 s, and strand synthesis at 72 ℃ for 7 min. The
second-round PCR was divided into two groups, A and B.
Two milliliters of the first-round PCR products were used
in the second round of PCR under the same reaction
system but with the primers from group A (B2, BA1R,
BB1R and BC1R2) and group B (B2R, BD1R, BE1R
and BF1R). Both groups A and B were treated with the
same cycle parameters, which were denaturation at
95 ℃ for 10 min, 20 cycles of amplification at 94 ℃ for
20 s, 58 ℃ for 20 s, and 72 ℃ for 30 s, followed by an
additional 20 cycles of 94 ℃ for 20 s, 60 ℃ for 20 s,
and 72 ℃ for 30 s, and an extension at 72 ℃ for 7 min.
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Finally, the PCR products were electrophoresed on a
2.5% agarose gel, stained with ethidium bromide and
checked under UV light.
The HBV genotypes were determined based on the
size of amplified fragments; products of 68 bp, 281 bp,
122 bp, 119 bp, 167 bp and 97 bp were considered as
genotypes A, B, C, D, E and F, respectively. A mixed
genotype was considered when its products consisted
of any of the two aforementioned fragments.
Subgenotypes: The method for identifying sub
genotypes was adapted from that described in the
[20]
literature . The first round of PCR amplification used a
20 μL reaction system containing 2.0 μL of 10 × buffer,
0.4 μL of 0.2 mmol/L dNTPs, 0.4 μL of each 0.2 μmol/L
primer (genotype B: PC1 and COR and genotype C:
HBV964F and HBV1272R), 2.0 μL of 0.5 U/μL Taq
DNA polymerase, 3.0 μL of serum for template, and
11.8 μL ddH2O. The following cycle parameters were
used: denaturation at 94 ℃ for 1 min, 30 cycles of
amplification at 94 ℃ for 40 s, 55 ℃ for 30 s, and
72 ℃ for 50 s, and a final extension at 72 ℃ for 7
min. The second-round PCR required 2 μL of the firstcycle PCR products as a template with the same
reaction system and cycle parameters but different
primers (genotype B: PC2 and COR and genotype C:
HBV970F and HBV 1272R). The products (5 μL) of the
second round were digested with the corresponding
restriction endonucleases (Ba/Bj: Stu Ⅰ /Hpa Ⅰ ;
Cs/Ce: BstE Ⅱ/Bcn Ⅰ), and the subgenotypes were
identified according to the fragments of the digested
products under a UV light following electrophoresis. A
sequencing approach was adopted to determine the
subgenotypes of the non-digested products.
Sequencing: To verify the accuracy of the genotypespecific PCR method, products from 5 samples of the
first-round PCR, including 3 cases of genotype B and
2 cases of genotype C, were selected to determine
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Table 2 Hepatitis B surface antigen-positive rates in the 10 ethnic groups in Yunnan Province
Ethnic group
Han
Dai
Bulang
Pumi
Achang
Mosuo
Naxi
Dulong
Bai
Lisu
Total

Number

Age

165
459
100
61
347
234
196
305
401
316
2584

Origin

16.01 ± 14.47
38.41 ± 18.57
36.24 ± 18.11
34.90 ± 18.44
30.19 ± 18.46
31.61 ± 18.14
8.78 ± 18.32
31.51 ± 18.66
32.78 ± 17.12
18.24 ± 18.02
28.35 ± 18.66

1

Gender

S
S
S
N
N
N
N
N
N

HBsAg

Male n (%)

Female n (%)

Positive

Rate (%)

87 (52.7)
159 (34.6)
54 (54.0)
33 (54.1)
154 (44.4)
101 (43.0)
100 (51.0)
143 (46.9)
178 (44.4)
144 (45.6)
1153 (44.6)

78 (47.3)
300 (65.4)
46 (46.0)
28 (45.9)
193 (55.6)
133 (57.0)
96 (49.0)
162 (53.1)
223 (55.6)
172 (54.4)
1431 (55.4)

7
43
7
15
16
15
2
10
22
10
147

4.2
9.42
7.0
24.62
4.6
6.42
1.0
3.3
5.5
3.2
5.7

1

Historical ethnic origin; 2Indicates those with higher than average values. N: From north China; S: From south China; -: Han has no specific origin; HBsAg:
Hepatitis B surface antigen.

Table 3 The distribution of the genotypes and subgenotypes in different ethnic groups
Ethic group

Total

Han
Dai
Bulang
Pumi
Achang
Mosuo
Naxi
Dulong
Bai
Lisu

Source

165
459
100
61
347
234
196
305
401
316

S
S
S
N
N
N
N
N
N

1

Genotype

Subgenotype

B

C

B+C

Sum

Ba

Cs

Ce

1
13
0
4
2
3
1
1
6
3

0
4
0
0
0
3
0
1
3
1

1
1
1
0
4
1
0
0
2
1

2
18
1
4
6
7
1
2
11
5

1
13
0
3
3
0
1
1
4
0

0
3
1
0
1
0
0
1
3
1

0
0
0
0
0
0
0
0
1

1

Historical ethnic origin. N: From north China; S: From south China; -: Han has no specific origin.

the sequence of the HBV S region. The PCR-amplified
products were purified, cloned and directly sequenced
by TAKARA Biotechnology (Dalian Co., Ltd). DNASTAR
was used to analyze the homology between the
sequencing genotype results and the standard
GenBank strain sequences, and a phylogenetic tree
was built.
2

Statistical analysis: χ test and proportion test were
performed with R Statistics (The statistical methods of
this study were reviewed by Ren GP of Dali University).
Ethics statement
Written informed consent was obtained from all adult
participants and from their parents or guardians for
minors/children in the study [All procedures in this
study were approved by the Medical Ethics Committee
of Dali University (No. 2007005)].

RESULTS
Infection status

The overall positive rate of HBsAg in this study was
5.7% in average. Infection rates in Dai, Pumi, Bulang
and Mosuo were higher than average, especially
for Pumi (24.6%). Detailed infection status for the
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different ethnic groups is listed in Table 2.
The HBsAg positive rate was 10.5% in ethnic
groups originating from south China and 4.2% for
those with a northern origin, which had a significant
difference (P = 0.000).

Genotype/subgenotype distribution

The genotype-specific PCR method was employed to
detect the HBV genotypes. Fifty-seven samples were
positive, including 34 cases of genotype B (59.6%), 12
cases of genotype C (21.1%), and 11 (19.3%) cases
of BC. All ethnic groups had genotype B except Bulang.
Achang had the highest BC occurrence. No C or BC
was found in Pumi and Naxi. Detailed distribution of
the genotypes and subgenotypes in different ethnic
groups is listed in Table 3.
Genotype B accounted for 50% of those with a
northern origin; C, 25%; and BC, 25%. For those
ethnic groups with a southern origin, the genotype
distribution was 73.9% for B, 17.4% for C, and 8.7%
for BC. There was a statistically significance difference
in the proportion of B genotype between groups of
different origins (P = 0.037). No difference was noted
in the genotype prevalence for genotypes C (P = 0.250)
and BC (P = 0.061).
Regarding the subgenotypes, a total of 37 samples
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Table 4 The distribution of the hepatitis B virus genotypes/subgenotypes in different serum marker models
Genotype

Subgenotype

Serum marker mode

B

C

B+C

Subtotal

Ba

Cs

Ce

Subtotal

HBsAg+HBeAg+HBcAb+
HBsAg+HBeAb+HBcAb+
HBsAg+HBcAb+
HBeAg+
Total

22
7
3
2
34

6
4
0
2
12

6
2
3
0
11

34
13
6
4
57

15
6
2
1
24

7
3
1
1
12

1
0
0
0
1

23
9
3
2
37

HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBcAb: Hepatitis B core antibody; HBeAb: Hepatitis B e antibody.

were genotyped; 24 of them were subgenotype Ba,
while 12 were subgenotype Cs and 1 was subgenotype
Ce.

Serum markers

There were 4 types of HBV serum infection marker
model for all samples, namely, HBsAg+HBeAg+HBcAb+,
HBsAg+HBeAb+HBcAb+, HBsAg+HBcAb+ and
HBeAg+ (Table 4). Comparison of the genotypes and
subgenotypes for the 4 models did not show statistically
significant difference (P = 0.303; P = 1.000).

Genotype validation

The sequences of 2 standard strains of genotype C
(EU306694 and EU439011) and 2 standard strains of
genotype B (EU439019 and EU43902) from Yunnan
province were downloaded from GenBank. Three
cases of genotype B (No. KMS6330, KMS6337 and
KMS6339) and 2 cases of genotype C (No. KMS6329
and KMS6333) in this study were compared with
the standard strains. The homology of KMS6330,
KMS6337 and KMS6339 with the standard B strain was
98%-99%, and their homology with the standard C
strain was 87%-92%. The homology of KMS6329 and
KMS6333 with the standard C strain was 98%-99%
and 87%-94% with the standard B strain. Therefore,
the genotype classification should be valid.

DISCUSSION
The overall positive rate of HBsAg in this study was
5.7% in average, which is lower than the average
[21]
level in China (7.18%) . However, it reached 24.6%
in Pumi people. Moreover, all 4 sites with a positive
rate higher than the average level were concentrated
in a remote village of west Yunnan. This pattern is
quite consistent with the distribution pattern of ethnic
groups in Yunnan, which is characterized by a mixed
distribution on a large scale and an isolated distribution
on a small scale.
The HBV genotype distribution pattern in China
is dominated by genotype C in the north and B in
the south; main genotypes were C, B and BC, and
their rates were 50.99%, 35.58%, and 6.07%,
[22]
respectively . The genotypes B and C distribution
was consistent with this pattern, and genotype B was
dominant with a prevalence of 59.6% in this study.
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[4]

[23]

However, Wang et al and Kang et al
found that
genotype C dominated in their samples. Wang et
[4]
al reported that genotype B (33.3%), genotype C
(62.5%), genotype I (2.78%) and C/D (1.39%) in
80 samples of patients in middle and east Yunnan;
[23]
Kang et al
reported 76.9% C, 15.4% B, 5.1% D
and 2.5% I in 2216 samples from people who had a
physical examination in Kunming city. Since Kunming
is the capital of Yunnan province; thus, those studies
focusing on patient instead asymptomatic people in
big cities with large migration population may cause
a biased conclusion. Genotype C proportion is much
[23]
higher that reported by Zhu and Dong . We think our
study may represent the origin distribution of genotypes
in Yunnan better, because all samples were collected
from asymptomatic people in west Yunnan, where is
underdeveloped than other part of Yunnan. Besides the
overall distribution of genotype distribution in this study,
comparison between ethnic groups with different origins
also showed a pattern consistent with overall pattern in
China. The prevalence of genotype B in ethnic groups
with a northern origin was much lower than that with a
southern origin (50% vs 73.9%). Thus, ethnic/genomic
background may have driven the HBV genotype
distribution of a certain human population. Although
there was no difference in the distribution of genotype
B, the BC distribution nearly showed a statistically
significant difference (P = 0.061), which may be due
to the small sample size and the fact that the study
subjects were from an asymptomatic population.
A much higher prevalence of BC (19.3%) was
found in this study, especially for those with a
northern origin. This result is consistent with the
[17]
26.1% BC frequency reported in a previous study
in southwest China (Sichuan Province) that included
minority groups (Tibetan people). Higher infection in
ethnic groups with a southern background, and the
lower infection rate in ethnic groups with a northern
origin in a region (in which B dominates) may reflect
the physical-anthropological factors contributing to
the HBV infection distribution. This also suggested
that recombination is an important way for HBV
genotypes to adapt to people with different genomic
backgrounds. The BC genotype may be a strategy
that allows genotype C to survive; when the familiar
hosts adapt to a different habitat, it can be a transition
expression or another adaption type. One may expect
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a higher prevalence of the mixed genotype in regions
with ethnic group migration, which agrees well with the
finding that the CD hybrid is the dominant genotype in
[24]
a population with frequent migration . A recent paper
reviewed 16 studies on HBV genotype distribution
in 20 minority groups in China, and it shows that
[25]
recombination was found in 13/20 ethnic groups .
The HBV divergence in humans and apes was
[26]
estimated to occur in the last 6000 to 7000 years .
However, most estimations of the time to the most
recent ancestor of human HBV fell in the range of
[15]
2000-4000 years . This is consistent with ethnic
migration time estimation (4000-5000 years) based on
[18]
[4]
a linguistics study in Yunnan . Wang et al suggested
that distribution of HBV in Yunnan is also impacted by
other provinces of China with an estimation around
1900s, when Yunnan started its development. Thus,
HBV genotype distribution can be shaped by both
historical genomic backgrounds of people and economic
development.
Additionally, there were 37 cases of HBV sub
genotype positivity in the identified genotype samples,
of which there were 24 cases of Ba subgenotype, 12
cases of Cs subgenotype and 1 case of Ce subgenotype.
[2]
This is consistent with other studies in China . However,
we did not find the Bj subgenotype in this study, which
is likely due to a small sample size.
In conclusion, our study not only found that the
genotype distribution in asymptomatic people is
related to their ethnic origin but also found different
HBV infection rates in different ethnic groups. A recent
study showed that the ethnogeographical project
can link ethnic origins and HBV genotype distribution
[27]
in patients . Ethnic epidemiological studies with
systematic spatial sampling that account for the
migration history and socioeconomic factors (such as an
ethnic group’s travel), may improve our understanding
of the evolution of HBV. Such studies will improve
disease prevention and clinical treatment, because
HBV transmission is affected by increasing interactions
among different ethnic groups. More systematic
sampled epidemiological research is needed in Yunnan,
which is a hub between China and southeast Asia and a
reserve representing historical issues.

in patients. Thus, ethnic epidemiological studies should be a hotspot to improve
our understanding of the evolution of virus in the future.
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Abstract
AIM: To assess the effect of Helicobacter pylori (H.
pylori ) infection on metabolic parameters in Mongolian
gerbils.

METHODS: A total of 40 male, 5- to 8-wk-old,
specific-pathogen-free Mongolian gerbils (30-50 g)
were randomly allocated into two groups: a control
group (n = 20) and an H. pylori group (n = 20).
After a two-week acclimation period, the control
group was administered Brucella broth and the H.
pylori group was challenged intra-gastrically five
9
times every other day with approximately 10 /CFU
H. pylori ATCC43504 (CagA+, VacA+). Each group
was then divided into two subgroups, which were
sacrificed at either 6 or 12 mo. The control and H.
pylori subgroups each contained 10 Mongolian gerbils.
Body weight, abdominal circumference, and body
length were measured, and body mass index (BMI)
and Lee’s index were calculated. Biochemical assays
were used to detect serum indexes, including glucose,
glycated hemoglobin (GHb), glycated hemoglobin A1c
(HbA1c), triacylglycerol, and total cholesterol, using
an automatic biochemistry analyzer. Inflammatory
cytokines, including interleukin (IL)-1β, IL-2, IL-4,

12593

November 28, 2015|Volume 21|Issue 44|

Yang Z et al . H. pylori infection and glucose metabolism

IL-10, IL-12, tumor necrosis factor-α (TNF-α) and
interferon (IFN)-g, were assayed using ELISA. The
expression of insulin and insulin-like growth factor
1 (IGF-1) was detected by immunohistochemistry,
and islet apoptosis was measured using the terminal
deoxynucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL) assay.
RESULTS: At each time point, body weight, abdominal
circumference, BMI, and Lee’s index were increased
after H. pylori infection. However, these differences
were not significant. H. pylori infection significantly
increased the GHb (5.45 ± 0.53 vs 4.98 ± 0.22, P <
0.05) and HbA1c (4.91 ± 0.61 vs 4.61 ± 0.15, P < 0.05)
levels at 12 mo. We observed no significant differences
in serum biochemical indexes, including fasting blood
glucose, triacylglycerol and total cholesterol, at 6 or
12 mo after infection. H. pylori infection significantly
increased the expression of IGF-1 (P < 0.05). Insulin
levels from the pancreas and the apoptotic rate of
islet β-cells remained unchanged. Also, we observed
no significant differences among cytokines levels,
including IL-1β, IL-2, IL-4, IL-10, IL-12, TNF-α and
IFN-g. IL-4 was the only exception, which increased at
6 (44.36 ± 25.17 vs 17.38 ± 3.47, P < 0.05) and 12
mo (33.41 ± 10.00 vs 18.91 ± 5.31, P < 0.05) after H.
pylori infection.
CONCLUSION: Long-term H. pylori infection is sig
nificantly associated with high levels of HbA1c in
Mongolian gerbils, indicating a potential role of H.
pylori infection in glucose dysregulation.
Key words: Helicobacter pylori ; Glycated hemoglobin
A1c; Glucose metabolism; Inflammatory cytokines
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Accumulating evidence suggests a link bet
ween Helicobacter pylori (H. pylori ) infection and type
2 diabetes although it is controversial. This study
assessed the effect of chronic H. pylori infection on
metabolic parameters in Mongolian gerbils. The results
showed that the glycated hemoglobin and glycated
hemoglobin A1c levels increased significantly after
H. pylori infection while no obvious differences of
other serum indexes including fast glucose, lipid and
cytokines were observed. It is assumed that chronic H.
pylori infection might affect glucose metabolism and
the inflammatory cytokines does not appear to mediate
the effect. Further studies are warranted to elucidate
the underlying mechanisms.
Yang Z, Li W, He C, Xie C, Zhu Y, Lu NH. Potential effect of
chronic Helicobacter pylori infection on glucose metabolism
of Mongolian gerbils. World J Gastroenterol 2015; 21(44):
12593-12604 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i44/12593.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i44.12593
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INTRODUCTION
Helicobacter pylori (H. pylori) is a host-specific, bacterial
pathogen that can establish a chronic infection within
the human gastric mucosa. Chronic infection causes
a variety of gastroduodenal diseases ranging from
superficial gastritis and peptic ulcers to gastric cancer
[1,2]
and mucosa-associated lymphoid tissue lymphoma .
Over the past several decades, a large number of
epidemiological studies have revealed that the effects of
H. pylori infections may not be confined to the digestive
tract. These infections can be associated with extradigestive pathologies, especially infections characterized
[3,4]
by persistent, low-grade, systemic inflammation .
The incidence of type 2 diabetes mellitus (T2DM) is
rising globally, and T2DM is responsible for an estimated
[5]
3.8 million adult deaths worldwide . The pathogenesis
of T2DM is complex, and the risk factors are associated
with lifestyle (e.g., diet, obesity, and physical acti
vity), genetic background, and socioeconomic fac
[6,7]
tors . However, these factors provide only partial
explanations, and recent evidence has indicated the
pathological involvement of inflammation in T2DM.
Thus, chronic infections may be another contributing
[8]
factor . Previous studies have observed a higher
prevalence of H. pylori infection in diabetic subjects
[9,10]
compared to non-diabetic subjects
. Other resear
chers, however, have proposed an insignificant or even
opposite association between H. pylori infection and
[11,12]
diabetes
. Therefore, the relationship between H.
pylori infection and T2DM is unclear.
Mongolian gerbils have frequently been used to
study the pathogenesis of H. pylori infection because
these gerbils are susceptible to colonization and develop
[13,14]
gastric diseases due to infection
. Furthermore,
no studies have been performed regarding the link
between H. pylori infection and diabetes in Mongolian
gerbils. Thus, this study evaluated the effects of chronic
H. pylori infection on glucose and lipid metabolism,
serum levels of cytokines, insulin and insulin-like
growth factor 1 (IGF-1) levels in the pancreas, and the
apoptotic rate of islet β-cells in vivo.

MATERIALS AND METHODS
Animals and bacterial strains

A total of 40 male, 5- to 8-wk-old, specific-pathogenfree, Mongolian gerbils (30-50 g) were purchased from
the Zhejiang Academy of Medical Sciences (Zhejiang,
China). The animals were randomly allocated into
two groups: a control group (n = 20) and an H. pylori
group (n = 20). All animals were housed in air isolation
cages (IVC-Ⅱ; Suzhou Fengshi Animal Equipment
Co., Jiangsu, China) (12/12 h light/dark cycle; room
temperature, 20-22 ℃; 55% relative humidity) with
the same access to food and tap water. The control
group was administered Brucella broth, and the H.
pylori group was challenged intra-gastrically five times
9
every other day with approximately 10 /CFU H. pylori
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ATCC43504 (CagA+, VacA+). Each group was then
divided into two subgroups that were sacrificed at 6
or 12 mo. The control and H. pylori subgroups each
contained 10 Mongolian gerbils. All protocols for animal
experiments were approved by the Ethics Committee
of the First Affiliated Hospital of Nanchang University.
H. pylori infection was produced in mice in compliance
with the institutional guidelines and regulations with
an effort to minimize the number of animals used and
their suffering.

At 6 and 12 mo, the animals were sacrificed after
anaesthetization, and blood samples were obtained
from the abdominal aorta for biochemical analysis.
Body weight, abdominal circumference and body
length were measured, and the body mass index
2
2
(BMI) [body weight (g)/length (cm )] and Lee’s index
3
1/3
[body weight (g) × 10 /nose-to-anus length (cm)]
were calculated. Blood was placed in a centrifuge tube
at room temperature and allowed to clot to obtain
the serum. Serum was separated by centrifugation
at 3000 rpm for 10 min. Serum glucose (Glu), gly
cated hemoglobin (GHb), glycated hemoglobin A1c
(HbA1c), triacylglycerol (TG), and total cholesterol
(TC) were assayed using an automatic biochemistry
analyzer (Hitachi 7600, Japan). The serum levels of
inflammatory cytokines, including interleukin (IL)-1β,
IL-2, IL-4, IL-10, IL-12, tumor necrosis factor-α (TNF-α)
and interferon (IFN)-g, were assayed using ELISA kits
(BD Bioscience, United States).

antibody overnight at 4 ℃, they were washed with
PBS and incubated with polymer helper for 30 min and
polyperoxidase-anti-mouse or rabbit IgG for 30 min.
After the sections were washed with PBS, they were
incubated with 3,3’-diaminobenzidin (DAB, Zhongshan
Goldenbridge, China). The control sections were
incubated with PBS instead of the primary antibodies
(negative controls). The sections were counterstained
with hematoxylin.
The stained sections were chosen, reviewed, and
scored from five randomly selected high power fields
(40 × objective lens) by two pathologists blinded to the
histopathological data. Grading discrepancies were rereviewed and discussed to obtain a final score. Epithelial
cells with yellow or brown staining in the nucleus and/or
cytoplasm were defined as positive for immunoreactivity.
The percentages of immunoreactive cells from 100
cells in each field were averaged from five fields and
scored as follows: 0 = 0%-5.0% immunoreactivity; 1
= 5.1%-25.0% immunoreactivity; 2 = 25.1%-50.0%
immunoreactivity; 3 = 50.1%-75.0% immunoreactivity;
and 4 = 75.1%-100% immunoreactivity. In addition,
the immunostaining intensity was semi-quantitatively
assessed (0 = negative, 1 = weak staining, 2 =
moderate staining, and 3 = intense staining). The
overall protein expression level was reported as a grade
calculated from an integral score of ‘‘area × intensity’’
as follows: grade 1 = scores 0-2 (negative); grade
2 = scores 3-5 (weakly positive); grade 3 = scores
6-8 (moderately positive); and grade 4 = scores 9-12
[15,16]
(strongly positive)
.

Histopathological examinations

Apoptosis assay

To determine whether bacterial colonization had
occurred in the stomach, whole stomachs were stored
2+
2+
in 10% formaldehyde in Ca and Mg free phosphatebuffered saline (PBS) overnight at 4 ℃ prior to paraffin
embedding, and H. pylori infection was observed
via Giemsa staining. The pancreases were stored in
10% formaldehyde for immunohistochemistry and
terminal deoxynucleotidyl transferase mediated dUTP
nick end labeling (TUNEL) assays. Paraffin sections of
4 μm were cut with a microtome and stored at room
temperature.

Apoptosis was quantified using the TUNEL method with
the DeadEnd™ colorimetric apoptosis detection system
(Promega Corp., United States) according to the
manufacturer’s protocol. The number of TUNEL-positive
cells was counted in 20 randomly selected fields per
section under a microscope at 200-fold magnification.
Apoptosis was calculated as the percentage of apoptotic
nuclei (dark brown nuclei) versus the total nuclei of
multinucleated TRAP-positive cells. A dark brown DAB
signal indicated positive staining, and shades of blue[17,18]
green to greenish-tan indicated a non-reactive cell
.

Immunohistochemistry assay

Statistical analysis

Biochemical assays

The primary antibodies used in this study were guinea
pig polyclonal to insulin and rabbit polyclonal to IGF-1
(Abcam, United Kingdom). The anti-insulin antibody
was diluted 1:100, and the anti-IGF-1 antibody was
diluted 1:1000.
The paraffin sections were mounted on slides,
dewaxed in xylene and sequentially dehydrated in
100%, 95% and 85% ethanol. The sections were
stained following the PV-6000 Polymer Detection
System (Zhongshan Goldenbridge, China) staining
protocol. The sections were then washed in PBS, and
endogenous peroxidase was blocked using 3% H2O2.
After the specimens were incubated with the primary
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The data are presented as mean ± SEM or percentages.
Student’s t-test (SPSS v.16.0 for Windows; SPSS, Inc.,
United States) and the chi-square test were used to
detect statistical differences. P < 0.05 was considered
significant.

RESULTS
Effects of H. pylori infection on body weight, body
length, abdominal circumference, BMI and Lee’s index
in Mongolian gerbils

The Mongolian gerbils were successfully infected with
H. pylori as confirmed by Giemsa staining. No animals
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Figure 1 Effects of Helicobacter pylori infection on body indexes of Mongolian gerbils at different time points. The body weight, body length, and abdominal
circumference were measured, and body mass index and Lee’s index were calculated at 6 and 12 mo after Helicobacter pylori (H. pylori) infection. The data denote an
upward trend of these parameters, although there were no significant differences (P > 0.05). Bars represent the mean ± SEM, n = 8-10 mice per group.

challenged with Brucella broth alone had detectable
evidence of H. pylori. Body weight, body length,
abdominal circumference, BMI and Lee’s index were
calculated at 6 and 12 mo after H. pylori infection in
Mongolian gerbils (Figure 1). The body weight, abdo
minal circumference, BMI, and Lee’s index increased
after H. pylori infection at each time point. However,
these differences were not significant (P > 0.05) (Figure
1).

H. pylori infection and serum levels of biochemical
indexes in Mongolian gerbils

At 6 and 12 mo after H. pylori infection, the animals
were sacrificed after anesthetization. The serum levels
of biochemical indexes, including fasting Glu, TG, TC,
GHb and HbA1c, were assayed using an automatic
biochemistry analyzer. The serum Glu, TG, and TC
levels were not significantly different between the

WJG|www.wjgnet.com

control and H. pylori groups (P > 0.05), although there
was a slight increase in TG and TC in the infected
groups compared to the control groups (Figure 2).
HbA1c, the major fraction of GHb, is an efficient
glucose monitoring index for patients with diabetes. At
12 mo post-infection, the levels of both GHb (5.45 ±
0.53 vs 4.98 ± 0.22, P < 0.05) and HbA1c (4.91 ± 0.61
vs 4.61 ± 0.15, P < 0.05) were significantly increased
in the infected group compared to the control group
(Figure 2).

Effects of chronic H. pylori infection on the serum levels
of inflammatory cytokines in Mongolian gerbils

It is commonly believed that the chronic inflammation
induced by an H. pylori infection is a major link
to T2DM. Thus, the serum levels of inflammatory
cytokines, including IL-1β, IL-2, IL-4, IL-10, IL-12, TNF-α
and IFN-g, were assayed using ELISA kits. No significant
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Figure 2 Measurements of serum biochemical parameters of Mongolian gerbils after Helicobacter pylori infection at different time points. Serum
concentration of fasting glucose (Glu), triacylglycerol (TG), total cholesterol (TC), and glycated hemoglobin (GHb) and hemoglobin A1c (HbA1c) were measured at 6
and 12 mo after Helicobacter pylori (H. pylori) infection. Data are presented as mean ± SEM from eight to ten mice per group. aP < 0.05 between H. pylori infected
mice and their controls at 12 mo concerning GHb and HbA1c.

differences were observed (P > 0.05), except for the
serum level of IL-4, which was significantly increased
in the H. pylori group compared to the control group
at both 6 (44.36 ± 25.17 vs 17.38 ± 3.47, P < 0.05)
and 12 mo (33.41 ± 10.00 vs 18.91 ± 5.31, P < 0.05)
(Figure 3).

H. pylori infection and pancreatic insulin and IGF-1 in
Mongolian gerbils

Insulin is the key hormone for blood glucose regu
lation. Generally, normoglycemia is maintained by
a balanced interplay between insulin action and
secretion. IGF-1 is structurally similar to insulin and is
also involved in the physiological regulation of nutrient
intake, metabolism and tissue growth. Thus, IGF-1
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contributes to the complex balance between anabolism
and consumption. To investigate the effects of H.
pylori on the expression of insulin and IGF-1 in gerbil
pancreatic tissues, immunohistochemical staining was
used. Insulin expression did not differ between the
H. pylori group and the controls at 6 or 12 mo (P >
0.05) (Figure 4). At 6 mo, the expression of IGF-1 was
significantly increased in the H. pylori group compared
to the control groups (P < 0.05). No significant
difference was observed at 12 mo (P > 0.05) (Figure 4).

Effects of chronic H. pylori infections on apoptosis of
islet β -cells in Mongolian gerbils

Islet β-cell dysfunction is a critical factor during the
pathogenesis of T2DM. β-cell mass may be decreased
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Figure 3 Effects of chronic Helicobacter pylori infection on the serum inflammatory cytokines in Mongolian gerbils at different time points. The serum
levels of cytokines including IL-1β, IL-2, IL-12, IL-4, IL-10, IFN-g, and TNF-α were measured by ELISA at 6 and 12 mo after Helicobacter pylori (H. pylori) infection.
Data are presented as mean ± SEM from eight to ten mice per group. Cytokines were not significant different except IL-4 (aP < 0.05 between H. pylori infected mice
and their controls). IL: Interleukin; TNF: Tumor necrosis factor; IFN: Interferon.
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Figure 4 Effects of chronic Helicobacter pylori infection on the expression of insulin-like growth factor-1 and insulin in the pancreas of Mongolian gerbils.
A: Immunohistochemistry scores of insulin-like growth factor-1 (IGF-1) and insulin were determined in the control and Helicobacter pylori (H. pylori) groups at 6 and
12 mo (n = 8-10). Data are expressed as the mean ± SEM. aP < 0.05 between H. pylori infected mice at 6 mo and their controls concerning the expression of IGF-1;
B: Representative immunohistochemical staining of IGF-1 and insulin expression in the pancreas of Mongolian gerbils at 6 mo after H. pylori infection (magnification ×
400).

during T2DM, and the underlying cause may be
[19]
increased β-cell apoptosis . TUNEL assay was used
to quantify the apoptotic rate of islet β cells at 6 and
12 mo after H. pylori infection in Mongolian gerbils.
There was no significant difference in β-cell apoptosis
between the H. pylori infected and control groups (P >
0.05) (Figure 5).

DISCUSSION
A growing body of epidemiological evidence supports
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a relationship between H. pylori infection and dia
[9,10,20]
[21]
betes
. Simon et al
in 1989 first observed that
the prevalence of H. pylori infection in patients with
diabetes mellitus was significantly higher than that in
asymptomatic controls. A recent meta-analysis also
showed that the prevalence of H. pylori infection in
patients with diabetes was higher than that of the
[22]
control group . Moreover, a recent prospective cohort
study demonstrated that H. pylori infection leads to
an increased rate of incident diabetes, which suggests
a potential role for antibiotic and gastrointestinal
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Figure 5 Effects of chronic Helicobacter pylori infection on the apoptosis of islet β-cells in Mongolian gerbils. A: Apoptotic rate of islet β-cells was detected
by TUNEL assay in the control and Helicobacter pylori (H. pylori) groups at 6 and 12 mo. Data are expressed as the means ± SEM (n = 8-10 mice/group). P > 0.05
was observed between H. pylori infected mice and their controls; B: Representative images of islet β-cells in the pancreas of Mongolian gerbils at 6 mo after H. pylori
infection by TUNEL staining (magnification × 400).
[23]

treatments to prevent diabetes . These studies
suggested that H. pylori infection might cause diabetes.
Furthermore, patients with diabetes are more prone to
H. pylori infections than non-diabetic individuals. There
are several reasons for this phenomenon. First, the
immune system of diabetic patients is compromised,
leading to an increased susceptibility to H. pylori
[24]
infection . In addition, altered glucose metabolism
may produce chemical changes in the gastric mucosa
and reduce acid secretion and gastrointestinal mobility
[25]
(thus promoting H. pylori colonization) . However,
[11,12]
other studies have denied this association
. To
better understand whether H. pylori infection plays a
role in diabetes etiology, research regarding diabetes
biomarkers is needed.
HbA1c is the major fraction of GHb and results
from non-enzymatic glycosylation. HbA1c reflects the
integrated blood glucose levels during the preceding
3-4 mo. Thus, HbA1c levels are predictive of both the
prevalence and incidence of diabetes and are a more
stable measurement than fasting blood glucose for the
[26-28]
diagnoses of pre-diabetes and diabetes
. Two large
national surveys reported that H. pylori seropositivity,
especially CagA+ strains, was associated with higher
mean HbA1c levels and that there was a synergistic
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effect of H. pylori and BMI on increased HbA1c levels.
These findings support a role for H. pylori in impaired
[29]
glucose intolerance . Similar results were observed
[9]
by Hsieh et al . The authors observed that long-term
H. pylori infection was significantly associated with
high HbA1c levels and a higher T2DM prevalence in
Taiwanese patients.
In this study, we examined the levels of HbA1c
in H. pylori-infected Mongolian gerbils and found a
significant increase in HbA1c at 12 mo. This result
indicates an association between H. pylori colonization
and diabetes in vivo. However, fasting glucose was
not significantly different between the H. pylori group
and the control group (which is not contradictory to
the significantly increased HbA1c levels). A previous
study also reported a significant association between H.
pylori infection and elevated HbA1c without changes
[9]
in fasting glucose levels in humans . Fasting glucose,
which is a less stable measurement than HbA1c, is
susceptible to changes in daily activities, such as diet
content and exercise. These fluctuations may confound
evaluations of the association between chronic H. pylori
infection and glucose regulation. Moreover, fasting
blood glucose levels markedly increase due to β-cell
dysfunction and insulin secretion deficiency. Our study
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Figure 6 Insulin-like growth factor-1 signaling with regard to Helicobacter
pylori associated glucose dysregulation. Insulin-like growth factor-1 (IGF-1),
upon binding to its receptor IGF-1R, activates the intrinsic tyrosine kinase
activity. IGF-1R then phosphorylates substrate proteins, including members
of the IRS family such as IRS1 and Shc on selective tyrosine residues.
Downstream to the receptors are two major pathways: the phosphatidylinositol-3
kinase (PI3K)/Akt pathway and MAPK pathway. IGF-1 acts via the MAPK
pathway to mediate growth responses. The PI3K pathway is thought to have
predominantly metabolic effects. We supposed that this pathway might play a
part in Helicobacter pylori (H. pylori) associated abnormal glucose metabolism
and the upregulation of HbA1c. SHC: Spontaneous human combustion.

showed that β-cell apoptosis and insulin expression in
H. pylori-infected Mongolian gerbils were not different
from those in the control group, which might contribute
to the similarity in fasting glucose between the two
groups. In contrast, another study demonstrated that
gastric infection with some commensal strains of H.
pylori ameliorates glucose homeostasis in mice and
provides partial protection against some metabolic
[30]
disorders . The use of different bacterial and mice
strains has produced inconsistent results, indicating
that H. pylori may affect glucose metabolism in an
individual/bacterial strain-dependent manner.
The mechanisms by which H. pylori infection
increases HbA1c levels and potentiates the deve
lopment of diabetes remain to be elucidated. Although
insulin insensitivity is an early phenomenon, islet
β-cell function declines gradually over time before the
onset of clinical hyperglycemia and the occurrence of
T2DM. IGF-1 is structurally similar to insulin and is
also involved in the physiological regulation of nutrient
intake, metabolism and tissue growth. Thus, IGF-1
contributes to the complex balance of anabolism and
consumption. This balance can be disrupted during
obesity and diabetes, and IGF-1 may be an important
[31]
component . It is commonly believed that pancreatic
β-cell mass and function are crucial to whole body
glucose regulation. Pancreatic islet cells produce IGF-1,
[32]
which binds to IGF-1 receptors on β-cells . IGF-1
was thought to be an important stimulus to pancreatic
[33,34]
islet cell growth and to inhibit β-cell apoptosis
.
The IGF-1 receptor and elements of the IGF-1 signal
transduction pathway are expressed in pancreatic
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β-cells .
In our study, the expression of IGF-1 was
significantly increased in H. pylori-infected Mongolian
gerbils compared to the controls at 6 mo. No
significant difference was observed at 12 mo. We
assumed that there may be a time course accounting
for the alteration in IGF-1 expression. At 6 mo,
pancreatic IGF-1 probably increased to maintain
normal HbA1c levels, and at 12 mo the HbA1c levels
significantly increased due to the decompensation of
pancreatic IGF-1. IGF-1, upon binding to its IGF-1
receptor, activates the intrinsic tyrosine kinase activity
[36]
of the IGF-1 receptor . The IGF-1 receptor then
phosphorylates substrate proteins, including members
of the IRS family, such as IRS1 and Shc, on selective
tyrosine residues. Downstream of IGF-1 are two main
pathways: phosphatidylinositol-3 kinase (PI3K)/Akt
[37]
and MAPK . IGF-1 acts via the MAPK pathway to
mediate growth responses, and the PI3K pathway
is thought to have predominantly metabolic effects,
such as glucose uptake and Glut4 translocation. In
addition to tyrosine phosphorylation, IRS proteins
could undergo serine phosphorylation, which may
attenuate signaling by decreasing normal tyrosine
[38]
phosphorylation and promoting insulin resistance .
We propose that H. pylori infection-associated impaired
glucose metabolism and HbA1c up-regulation may be
mediated through the IGF-1 signaling pathway (Figure
6). However, insulin expression in the pancreas and
the apoptotic rate of islet β-cells were not significantly
different between the two groups, which suggests that
the effects of H. pylori infection on glucose metabolism
in Mongolian gerbils may not act through the injury
of islet β-cells. It is well known that insulin resistance
(IR) and abnormal insulin secretion are central to the
development of T2DM, and IR is supposed to precede
[39]
defects in insulin secretion . A growing body of
[40,41]
evidence has linked H. pylori infection to IR
. The
limitation of our study is that we did not determine
the insulin sensitivity of H. pylori-infected Mongolian
gerbils at each time point. Therefore, it remains to be
clarified whether H. pylori infection impairs glucose
tolerance and subsequently breaks the balance of
glucose metabolism.
Moreover, it is commonly believed that the chronic
inflammation induced by H. pylori infection is the
major link to T2DM. H. pylori infection, which leads to
an increased production of lipopolysaccharides, may
[42]
activate innate inflammatory processes . Inflam
matory processes correlate with elevated inflammatory
[43]
cytokines, including C-reactive protein , IL-6 and
[44]
TNF-α . However, the inflammation hypothesis was
not substantiated in our study. With the exception of
IL-4, there were no significant differences in cytokines,
including IL-1β, IL-2, IL-4, IL-10, IL-12, TNF-α and
IFN-g, between the H. pylori and the control groups.
Interestingly, a similar phenomenon was reported by
[23]
Jeon et al
who also found that serological evidence
of H. pylori infection was associated with an increased
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rate of incident diabetes in an elderly Latino cohort, and
the inflammatory cytokines did not appear to mediate
the effect. An alternative hypothesis is that H. pyloriinduced gastritis can affect the secretion of “gastric”
[45]
hormones, including leptin and ghrelin , which might
predispose patients to diabetes.
There are conflicting data regarding the effect
[46,47]
of H. pylori infection on serum lipids
and body
[48,49]
indices, including body weight and BMI
. In the
present study, TC and TG concentrations were not
significantly different between Mongolian gerbils with
H. pylori infection and the controls. The H. pylori
group had an increased body weight, BMI and Lee’
s index compared to the control group. However,
these differences were not significant. A possible
explanation for this observation may be in the putative
manipulation of systemic ghrelin levels, which is the
pivotal hormone regulating food intake and appetite.
There are limited and conflicting data regarding the
effects of H. pylori eradication on glucose metabolism
[50]
and insulin sensitivity. Zojaji et al
showed that H.
pylori treatment can improve the mean HbA1c and
metabolic abnormalities in patients with T2DM. Thus,
it may be beneficial for patients at risk of developing
diabetes to be checked for H. pylori infections. Gen
[51]
et al
also demonstrated that successful H. pylori
eradication significantly decreased fasting insulin and
HOMA-IR levels. To date, no study has investigated the
effects of H. pylori eradication on glucose metabolism
in Mongolian gerbils.
In conclusion, this study identified a significant
association between chronic H. pylori infection and
high HbA1c levels in Mongolian gerbils. Insulin expres
sion in the pancreas and the apoptotic rate of islet
β-cells were not significantly different after H. pylori
infection. Inflammatory cytokines (IL-1β, TNF-α and
IFN-g) did not appear to mediate this effect. Further
studies are warranted to explore the impact of H. pylori
infections on insulin resistance and the corresponding
mediating factors. The treatment of H. pylori infection
is important for the prevention of gastric cancer.
However, whether H. pylori infection is a risk factor for
T2DM remains to be determined.

the development of T2DM.

Innovations and breakthroughs

Epidemiological studies suggest that chronic H. pylori infection is associated
with T2DM although it is still controversial. And there are few studies on the
relationship between H. pylori infection and diabetes in animal models. This
study found that chronic H. pylori infection significantly increased the glycated
hemoglobin and glycated hemoglobin A1c levels in Mongolian gerbils. Besides,
the expression of insulin growth factor-1 was significantly increased after H.
pylori infection, with elevated serum level of IL-4.

Applications

These data provide evidence that long-term H. pylori infection is significantly
associated with high levels of HbA1c in Mongolian gerbils, which is consistent
with observations in human. Evidence supporting the role of H. pylori in the
development of T2DM would provide H. pylori eradication as an easy and
convenient preventive measurement for diabetes.

Terminology

H. pylori is a host-specific bacterial pathogen that establishes a chronic infection
in the human gastric mucosa. T2DM is now becoming a global epidemic with
risk factors associated with lifestyle, genetic background and socioeconomic
factors.

Peer-review

This is an interesting study regarding the possible connection between H. pylori
infection, glucose metabolism, HbA1c and diabetes. The methodology of the
study is right, the results are interesting and the detailed discussion covers the
topic and the research question.
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Abstract
AIM: To achieve a better understanding of the
molecular mechanisms of microRNA expression changes
involved in hepatocellular carcinoma.

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

METHODS: In this research process, patients were
not treated with antivirals, immunosuppressants or
immunomodulators for at least 6 mo before collecting
serum. The study population was composed of 35
outpatient hepatitis B virus (HBV) cases and 12 healthy
control cases from the Affiliated Hospital of Inner
Mongolia Medical University (Inner Mongolia, China)
from July 2013 to April 2014. The 35 HBV cases were
divided into two groups: a hepatocirrhosis group with
20 cases and a liver cancer group with 15 cases. All 35
cases carried HBsAg. The diagnostic criteria followed
the European Association for the Study of the Liver
2012 (EASL2012) standards. MicroRNA (miRNA) was
extracted from a control group of patients, a group
with hepatocirrhosis and a group with liver cancer and
its quality was analyzed using the human V2 microRNA
expression beadchip. Cluster analysis and a radar chart
were then applied to the miRNA changes.
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RESULTS: The miRNA-qualified rate of human serum
samples was 93%. The concentration of a single
sample was > 200 ng/μL and the volume was > 5 μL.
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All miRNA serum samples were uncontaminated by the
genome. The Mann-Whitney test showed significant
differences in miRNA between each group, with a
detection P -value of < 0.05. Illumina software was set
up with Diff Score set to ± 13, meaning that P = 0.001.
There were significant changes in miRNA expression
between the three groups. miRNA-183 was the most
up-regulated, followed by miRNA-373. miRNA-129 and
miRNA-188 were both strongly down-regulated and
miRNA-378 was down-regulated a small amount. The
liver cancer group had greater changes, which indicated
that changes in miRNA expression levels were caused
by hepatocirrhosis. The liver cancer disease course
then further increased these changes. In the pentagon
created by these five miRNAs, three groups showed
significant deviation. The liver cancer group had a
bigger deviation trend. The chart indicated that miRNA
expression changes occurred in the hepatocirrhosis
group, which increased in the liver cancer disease
course and were irreversible.
CONCLUSION: There was a significant relationship
between the irreversible up-regulation of miRNA-183/373
and down-regulation of miRNA-129/188/378 and
incidences of hepatocirrhosis and liver cancer.
Key words: Hepatocellular carcinoma; MicroRNA;
Expression; Microarray technologies; Radar chart
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There was a better understanding of the
molecular mechanisms of microRNA (miRNA) expression
changes involved in hepatocellular carcinoma,
associated patients with aggressive malignancy and
poor prognosis. The 35 hepatitis B virus cases were
divided into two groups, a hepatocirrhosis group with
20 cases and a liver cancer group with 15 cases. 12
healthy people were used as a control. There were
significant changes in miRNA expression between the
three groups. miRNA-183 was the most up-regulated,
followed by miRNA-373. miRNA-129 and miRNA-188
were both strongly down-regulated and miRNA-378
was down-regulated a small amount. The liver cancer
group had greater changes, which indicated that
changes in miRNA expression levels were caused by
hepatocirrhosis. The liver cancer disease course then
further increased these changes.
Niu JX, Meng XK, Ren JJ. Studied microRNA gene expression
in human hepatocellular carcinoma by microRNA microarray
techniques. World J Gastroenterol 2015; 21(44): 12605-12611
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i44/12605.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i44.12605
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common human malignancies worldwide, especially
[1,2]
in East Asia and South Africa
. Due to its high
malignant potential, HCC ranks as the third leading
cause of cancer death in the world, resulting in almost
600000 deaths each year. Despite great improvements
in treatment options, the long-term survival of patients
with HCC remains unsatisfactory, with a 5-year survival
rate of 20% to 30% reported in the literature. The
treatment of advanced and metastatic HCC presents
[3-5]
many challenging problems .
Carcinogenesis and the progression of HCC are
multistage processes that involve many growth
factors, oncogenes and tumor suppressor genes.
Elucidating the molecular events underlying the
tumorigenesis of HCC is important for its screening,
prevention and treatment. In recent decades, many
factors involved in the pathogenesis of HCC have been
identified, including p53, Rb, PI3K, Akt, MAPK and
[6-10]
many others
. However, the molecular mechanisms
of HCC are still largely unknown.
Recent studies using DNA microarray techniques
have identified unique gene expression profiles in
[11,12]
hepatitis B and C virus-associated HCC
. Gene
expression profiling also allows us to distinguish HCC
from normal tissue or preneoplastic lesions and to
evaluate metastatic or recurrent potential. These
unique genes or gene products associated with
malignant transformation and recurrent or metastatic
potential may serve as molecular markers for early
diagnosis and allow prediction of prognosis and
[13-15]
responsiveness to therapy
.
Although vaccination could reduce the incidence
of hepatitis B, hepatocirrhosis and liver cancer remain
major global health problems, the treatment of which
poses many challenges. The World Health Organization
reported 3.5 million new cases of chronic hepatitis
in 2013 and 0.7 million deaths of chronic hepatitis
patients from liver failure, cirrhosis and primary
[16-18]
hepatocellular carcinoma
. The pathogenesis of
HCC remains unclear. The inhibition microenvironment,
comprising inhibitory receptors, inhibitory cells and
immunosuppressant cytokines, can accelerate disease
progression. In this study, the serum from hepatitis B
virus (HBV) infected patients was used to analyze the
different disease courses of HCC.
MicroRNAs (miRNAs) are short non-coding RNA
molecules, similar to siRNAs. miRNAs consist of 20-25
nucleotides and their sequences are complementary to
the 3’ untranslated regions of messenger RNAs. Binding
results in inhibition of translation and gene silencing.
Research has shown that thousands of human protein
[19-22]
coding genes are regulated by miRNA
.
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It is suggested that miRNA plays an important
role in the regulation processes of cell growth and
development. miRNA is widely expressed in tissues
and also in different types of cancer tissue. Research
has shown that miRNAs can regulate the expression of
target genes, thereby regulating liver cell proliferation
[20,21]
and differentiation
.
As such, miRNAs are significant in the ability of the
liver to maintain normal physiological processes. To
study the biological functions of miRNA, miRNA target
genes must first be identified. Although miRNA has
been studied intensely, the identification of miRNA
target genes is still very challenging because each
miRNA has hundreds of target genes and each miRNA
can have a different regulatory process for each target
gene. In recent years, studies have found that miRNA
can bind to the 5’-UTR and the promoter region. This
greatly increases the difficulty of studying miRNA but
also provides ideas for understanding its complex
[19-21]
biological functions
.
The development of microarray technology, which
allows us to undertake parallel analyses of many
genes, has led to a new era in medical science. New
genomic high-throughput technologies, such as RNA
microarrays, considerably facilitate the molecular
profiling of human tumors. Thousands of genes can
now be analyzed in a simple hybridization microarray.
The expression profile of a single tumor reflects
the state of events of an individual malignancy at
a certain time point. To generalize the findings and
provide conclusive evidence for the involvement of a
molecular alteration, it is often necessary to analyze
several hundred tumors. Using traditional molecular
pathology, such verification could take several months
or even years to complete. To facilitate translational
research in a large scale manner, technology was
developed recently for making high density arrays of
tumor tissue specimens. These arrays can be used
for rapid miRNA evaluation of gene copy number and
expression in thousands of tumors simultaneously.
Current research is mostly concerned with the
differentiation of one particular variable, such as HBV
infection, environmental carcinogens, metastasis and
recurrence, and sensitivity to chemo agents. It is
rare for five kinds of gene expression profiling to be
used. We have combined RNA microarray and TMA
techniques to identify differentially expressed genes in
[23-25]
the development and progression of human HCC
.
In this study, we investigated the correlations between
miRNA and clinical pathological characterization and
our findings provide a comprehensive understanding
of the molecular mechanisms of HCC and some new
potential therapeutic targets.

MATERIALS AND METHODS
Survey and respondents

The study population was composed of 35 outpatient
HBV cases and 12 healthy control cases from the
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Affiliated Hospital of Inner Mongolia Medical University
(Inner Mongolia, China) from July 2013 to April 2014.
The 35 HBV cases were divided into two groups, a
hepatocirrhosis group with 20 cases and a liver cancer
group with 15 cases. All 35 cases carried HBsAg. The
diagnostic criteria followed the European Association
for the Study of the Liver 2012 (EASL2012) standards.
Patients with other hepatitis or HIV infections,
other causes of liver damage, autoimmune disorders
or neoplasm were excluded from the study, as well
as pregnant or lactating women. In this research
process, patients were not treated with antivirals,
immunosuppressants or immunomodulators for at
least 6 mo before collecting serum.
Medical Ethics Committee of Inner Mongolia
Medical College approval was obtained and all patients
involved had previously provided their written,
informed consent to have their clinical and pathogenic
information used for research.

Extracted miRNA

Blood samples were collected at the first hospital
visit. Serum was separated and stored under -80 ℃.
MiRNApure Mini Kit (Cat. No. CW0627) was purchased
from CWBiotech Ltd. Nucleic acids and miRNA were
extracted separately from the serum in accordance
with the instructions.

Major equipment

Electrophoresis apparatus and slot were DYY-6B and
CQU-200, the gel imaging instrument was Gel Doc
2000, and the spectrophotometer was NanoDrop
2000.

Statistical analysis

Logarithms were used to convert data with positive
skew into a normal distribution. For homogenous data,
analysis of variance, Student-Newman-Keuls and
Pearson’s correlation were used. For inhomogeneous
data, Kruskal-Wallis, Games-Howell and Spearman’s
correlation analysis were used. All analyses were
carried out using SPSS 17.0 software (SPSS Inc,
Chicago, IL, United States). Values less than 0.05 were
considered to be statistically significant.

RESULTS
Quality inspection of miRNA

The miRNA-qualified rate of human serum samples
was 93%. Three serum samples did not meet the
requirements. Optical densities at 260-280 nm were
between 1.7 and 2.1. The concentration of a single
sample was > 200 ng/μL and the volume was > 5 μL.
All miRNA serum samples were uncontaminated by
the genome. The results of electrophoresis of miRNA in
a 1.2% agarose gel are shown in Figure 1, displaying
the correct molecular weight and a high concentration
of miRNA.
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Figure 1 The result of electrophoresis of microRNA by 1.2% agarose gel. m: RNA marker; Arabic numbers: Representative of the specimen’s number.
5

10

The average signal value of liver cancer

4

10

3

10

2

10

1

10

1
-1

10

-1

10

1

10

2

3

10

10

4

10

5

10

The average signal value of cirrhosis

Figure 2 Scatter diagram of the calculation of microRNA expression by BeadArray reader software (Illumina).

miRNA gene expression profiling

Human miRNA from the Illumine Corporation were
used as the gene chip, tested on the Illumine
BeadArray. The human V2 miRNA expression beadchip
was tested for quality control, including a negative
control, a PAP control, query oligo annealing controls,
mismatch controls, array hybridization controls and
contamination controls.

Calculation of miRNA expression

GenomeStudio (Illumina) was used to calculate the
signal value of each point on the gene chip after
scanning by the BeadArray Reader software (Illumina).
The Mann-Whitney test showed significant differences
in miRNA between each group, with a detection p-value
of < 0.05. Illumina software was set up with Diff Score
set to ± 13, meaning that P = 0.001. The scatter
diagram shown in Figure 2 was drawn by the software,
without the negative logarithm loop. The red line is the
cut-off line: the upper parts were > 1.5-fold and the
lower parts were < 0.67-fold.
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Cluster analysis

Cluster3.0 software was used to analyze the
differences in miRNA between each group. MiRanda
was used for miRNA target prediction (http://www.
microrna.org) which is shown in Figure 3. Three groups
showed significant changes in miRNA expression.
The expression of five important miRNAs changed.
miRNA-183 was the most up-regulated, followed by
miRNA-373. miRNA-129 and miRNA-188 were greatly
down-regulated and miRNA-378 was down-regulated
a small amount.

The quantization map

The quantization map shows the expression difference
in human serum between these five miRNAs. The
radar chart in Figure 4 shows the changes in each
miRNA in comparison to the baseline of the control
group.
In the pentagon created by these five miRNAs,
three groups showed significant deviation. The liver
cancer group had a bigger deviation trend. The chart
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Figure 3 The results of the microRNA cluster analyzed.

indicated that miRNA expression changes occurred in
the hepatocirrhosis group, which increased in the liver
cancer disease course and were irreversible.

DISCUSSION
Hepatocellular carcinoma, an aggressive malignancy
with poor prognosis and one of the most common
tumors in humans, has become a leading cause of
cancer-related death in adults from Asia and Africa.
Despite advances in the diagnosis and treatment of
HCC, the prognosis of patients with HCC remains
dismal. The poor prognosis of HCC has been associated
[17-24]
with recurrence and metastasis
. Therefore, a
better understanding of the molecular mechanisms
involved in HCC development and metastasis is
needed.
Early diagnosis is essential for cancer prevention
and control. Previously, we found that a specific
course of liver cancer disease had a different protein
expression and different miRNA regulation. Recurrent
chromosomal aberrations are often observed in
HCC but little is known about the role of functional
non-coding sequences, particularly miRNA, at the
[14-16]
chromosomal breakpoints
.
miRNAs are small non-coding RNAs that function
as key regulators of gene expression at the posttranscriptional level. They play important roles in cell
proliferation, differentiation and apoptosis.
A study from Anhui Medical University investigated
the functions of miRNA-183 in HCC and discussed the
construction of an artificial miRNA cluster expression
[26]
vector . The miRNA-183 expression profile from HCC
tumor tissues and adjacent normal liver tissues were
compared using real-time PCR. The results showed
that miRNA-183 was significantly up-regulated (2 to
300 fold) in 68% of tumors. The author suggested that
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miR-373

2100

miRNA-183, which is up-regulated in HCC, repressed
the expression of the tumor-suppressor PDCD4
post-transcriptionally and inhibited TGF-β1-induced
apoptosis in human HCC cells. Therefore, miRNA-183
may play an important role in HCC development.
Their artificial miRNA cluster efficiently expressed
mature miRNA and miRNA procession suppressed
the expression of the protein with miRNA host genes.
Moreover, their artificial miRNA cluster on cell cycle
arrest was more effective than single miRNAs.
Disturbance of miRNA expression and function
results in tumors. Different miRNA have different roles
as they regulate the expression of different target
genes. miRNAs that originate from the same premiRNA transcript can have different functions, such
as miRNA-371/miRNA-373. A study from Kunming
University of Science and Technology showed that the
molecular mechanisms of miRNA-373 related to the
[27]
occurrence and development of tumors . The realtime quantitative PCR results showed that there was a
6.684-fold decrease in miRNA-373 in BCSCs compared
to MCF-7 cells and that EIF4A1 was a target gene
of miRNA-373. However, our study found that more
miRNA-373 was found in serum from patients with
liver cancer and hepatocirrhosis, which may be due to
differences in the cancer types.
The results from the bioinformatics prediction
showed that miRNA-373 targeted genes involved in
cell proliferation, apoptosis, cell cycle regulation, cell
signal transduction, ontogenesis, tumor suppression
and other closely related genes involved in tumor
development and metastasis. These results indicate
that some of the imbalance between the expression
levels of key miRNAs might be important in breast and
liver cancer occurrence.
A study from the National Engineering Center for
Biochip in Shanghai investigated the diagnostic value
of serum miRNA, including miRNA-129 in colorectal
[28,29]
cancer (CRC)
. They identified 10 serum-specific
miRNAs from patients with CRC. A set of serumspecific miRNAs, including miRNA-129, that are
considered to be biomarkers for CRC detection were
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validated by RFQ-PCR. The area under the receiver
operating characteristic curve for this set of serum
miRNAs reached a maximum value of 0.914 with
a sensitivity of 77.78% and a specific sensitivity of
100% for CRC. The set of serum-specific miRNA-129s
may become a group of feasible and effective indices
in the screening and early diagnosis of CRC, which we
also found in our study.
A study from Central South University found
that miRNA-188 was frequently down-regulated in
[30]
HCC . miRNA-188 expression was correlated with
clinicopathological characteristics and the prognosis of
HCC. miRNA-188 inhibited HCC cell proliferation and
metastasis in vitro. Its direct downstream target was
AAC11.
A study from Soochow University found that
miRNA-378 may suppress the growth characteristics
of HBV-related HCC by directly targeting the IGF 1R
[31]
3’-UTR and inhibiting its expression .
Additionally, it was reported that 22 miRNAs were
often amplified or deleted in HCC and that miRNA-151
was correlated with intrahepatic metastasis of HCC,
[32]
which we did not find in our study . miRNA-151 was
often expressed together with its host gene FAK, focal
adhesion kinase, which significantly increased HCC
cell migration and invasion in vitro and in vivo, mainly
through miRNA-151-5p, but not through miRNA151-3p. As such, more research into miRNA, tumor
invasion and metastasis of HCC is needed.

from the present study is helpful for early diagnosis and intervention. Drug
development might be a process change of miRNA expression.
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Abstract
AIM: To compare the mid-term outcomes of lapa
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roscopic sleeve gastrectomy (LSG) and laparoscopic
Roux-en-Y gastric bypass (LRYGB) in obese Korean
patients.
METHODS: All consecutive patients who underwent
either LSG or LRYGB with primary to treat morbid
obesity between January 2011 and December 2012
were retrospectively reviewed. Patients with a body
2
mass index (BMI) ≥ 30 kg/m with inadequately
controlled obesity-related comorbidities (e.g. , diabetes,
obstructive sleep apnea, hypertension, or obesity2
related arthropathy) or BMI ≥ 35 kg/m were considered
for bariatric surgery according to the International
Federation for the Surgery of Obesity-Asia Pacific
Chapter Consensus statements in 2011. The decision
regarding the procedure type was made on an
individual basis following extensive discussion with the
patient about the specific risks associated with each
procedure. All operative procedures were performed
laparoscopically by a single surgeon experienced in
upper gastrointestinal surgeries. Baseline demographics,
perioperative surgical outcomes, and postoperative
anthropometric data from a prospectively established
database were thoroughly reviewed and compared
between the two surgical approaches.
RESULTS: One hundred four patients underwent LSG,
and 236 underwent LRYGB. Preoperative BMI in the
LSG group was significantly higher than that of the
2
2
LRYGB group (38.6 kg/m vs 37.2 kg/m , P = 0.024).
Patients with diabetes were more prevalent in the
LRYGB group (18.3% vs 35.6%, P = 0.001). Operating
time and hospital stay were significantly shorter in the
LSG group compared with the LRYGB group (100 min
vs 130 min, P < 0.001; 1 d vs 2 d, P = 0.003), but the
incidence of perioperative complications was similar
between the groups (P = 0.351). The mean percentage
of excess weight loss (%EWL) was 71.2% for LRYGB,
while it was 63.5% for LSG, at mean follow-up periods
of 18.0 and 21.0 mo, respectively (P = 0.073). The
%EWL at 1, 3, 6, 12, 18, 24, and 36 mo was equivalent
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between the groups. Four patients required surgical
revision after LSG (4.8%), while revision was only
required in one case following LRYGB (0.4%; P =
0.011).
CONCLUSION: Both LSG and LRYGB are effective
procedures that induce comparable weight loss in
the mid-term and similar surgical risks, except for the
higher revision rate after LSG.
Key words: Morbid obesity; Bariatric surgery; Rouxen-Y gastric bypass; Sleeve gastrectomy; Weight loss
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Both laparoscopic sleeve gastrectomy (LSG)
and laparoscopic Roux-en-Y gastric bypass (LRYGB)
are effective procedures that result in comparable
weight loss in the mid-term with similar surgical risks
in obese Korean patients. However, a larger number
of patients required revisional surgery following LSG
than LRYGB. The long-term complications encountered
after each procedure differed significantly, and these
complications were not negligible. Surgeons should
provide a tailored surgical option for each patient that
takes into consideration the possible risks, as the longterm complications may have a significant influence on
the quality of life following the surgery.
Park JY, Kim YJ. Laparoscopic gastric bypass vs sleeve
gastrectomy in obese Korean patients. World J Gastroenterol
2015; 21(44): 12612-12619 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i44/12612.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i44.12612

INTRODUCTION
Obesity is one of the most concerning health problems
in the world today, imposing a considerable financial
[1]
burden on society . Consistent effort has been made
to enable individuals to achieve weight loss and,
concomitantly, to manage a variety of obesity-related
comorbidities. However, none of the currently available
conservative measures has succeeded in realizing
these goals, and at the present time, bariatric surgery
has proven to be the most effective method for
[2]
achieving sustained weight loss .
Among the various available options for bariatric
surgery, Roux-en-Y gastric bypass has been considered
the gold standard for several decades. This procedure
has a relatively long history compared to the other
available procedures, qualified with sufficient data
involving satisfactory long-term outcomes in terms of
[3]
durable weight loss and resolution of comorbidities .
Recently, however, laparoscopic sleeve gastrectomy
(LSG) has been rapidly gaining popularity as a stand-
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[4]

alone treatment for morbid obesity . It is thought to
be technically less demanding and to offer a potential
benefit of reduced risk of long-term complications
compared to laparoscopic Roux-en-Y gastric bypass
(LRYGB). The trend of exponential increase in LSG
is even noticeable in Asian countries where bariatric
[4]
surgery has only recently been introduced , although
results regarding the long-term efficacy of LSG are still
lacking.
The present study aimed to evaluate the mid-term
efficacy of LSG and LRYGB and to compare the results
between the two procedures in obese Korean patients
at a single center.

MATERIALS AND METHODS
All patients who were operated on at Soonchunhyang
University Seoul Hospital, a tertiary referral medical
center, between January 2011 and December 2012
were retrospectively reviewed. Of those, the patients
who underwent either LRYGB or LSG with primary
intent to treat morbid obesity were enrolled in the
present study. Baseline, operative, and follow-up
data from a prospectively established database were
thoroughly reviewed and summarized. Approval for
this review of hospital records was obtained from the
Institutional Review Board (SCHUH 2014-12-006); the
need for patient informed consent was waived.
Bariatric surgery candidates were selected according
to the International Federation for the Surgery of
Obesity-Asia Pacific Chapter Consensus statements in
[5]
2011 . As such, patients with a body mass index (BMI)
≥ 30 kg/m2 with inadequately controlled obesityrelated comorbidities (e.g., diabetes, obstructive sleep
apnea, hypertension, or obesity-related arthropathy)
2
or with a BMI ≥ 35 kg/m were considered for bariatric
surgery. The decision regarding the procedure type
was made on an individual basis following extensive
discussion with the patient about the specific risks
associated with each procedure. Patients received
interdisciplinary education about potential surgical
and nonsurgical options, possible outcomes, possible
complications, and necessary postoperative lifestyle
changes and nutritional supplementation.

Surgical procedures

All operative procedures were performed laparo
scopically by a single surgeon experienced in upper
gastrointestinal surgeries. Six trocars were used both
in LSG and LRYGB; one 11-mm port for a scope at the
umbilicus, two 12-mm ports, and three additional 5-mm
ports. A 34 Fr bougie dilator was used for guidance
during gastric resection in LSG. The lengths of the
alimentary and biliopancreatic limbs were estimated
at about 70-100 cm and 50 cm, respectively, and a
15-20 mm sized linear stapled gastrojejunostomy was
established in LRYGB. Detailed surgical procedures were
[6]
well described in our previously published study .
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Table 1 Preoperative demographics and clinical characteristics
of the enrolled patients
LSG (n = 104) LRYGB (n = 236) P value
Age (yr)
31 (25-38)
Sex
Male
41 (39.4)
Female
63 (60.6)
Body weight (kg)
107.0 (95.0-130.8)
BMI (kg/m2)
38.6 (34.8-43.8)
Excess weight (kg)2
43.1 (33.5-62.6)
Comorbidities
Diabetes
19 (18.3)
Hypertension
28 (26.9)
Dyslipidemia
64 (67.4)
OSA
Confirmed
10 (10.5)
Suspicious
4 (4.2)
Arthropathy
12 (12.6)
GERD
14 (13.5)
PCOS3
12 (19.0)
No. of comorbidities
1.5 (1-2)

Table 2 Surgical outcomes according to the surgical
procedures
LSG (n = 104) LRYGB (n = 236) P value

1

38 (29-46)

< 0.001

37 (15.7)
199 (84.3)
100.0 (87.0-116.8)
37.2 (33.6-41.7)
38.4 (28.1-52.6)

< 0.001

84 (35.6)
88 (37.3)
116 (68.2)

0.001
0.082
0.892

24 (14.1)
11 (6.5)
31 (18.2)
19 (8.1)
30 (15.1)
2 (1-3)

0.514

Combined operation
5 (4.8)
Operating time (min)
100 (90-115)
Intraoperative blood loss
100 (50-150)
Length of hospital stay (d)
1 (1-2)
Intraoperative
1 (1.0)
complication
Postoperative complication2
No
95 (91.3)
Yes
Mild
7 (6.7)
Moderate
0 (0)
Severe
2 (1.9)
Re-admission
3 (2.9)

< 0.001
0.024
0.003

0.298
0.163
0.554
0.031

Data are presented as n (%) or median (interquartile range). 1MannWhitney U test for continuous variables and Pearson’s χ 2 test or Fisher’
s exact test for categorical variables were applied; 2The excess weight was
calculated from the ideal weight using a BMI of 23 kg/m2 as the upper
limit of normal according to the World Health Organization recommended
definition of obesity for Asians; 3The incidence among female patients.
LSG: Laparoscopic sleeve gastrectomy; LRYGB: Laparoscopic Roux-en-Y
gastric bypass; BMI: Body mass index; OSA: Obstructive sleep apnea;
GERD: Gastro-esophageal reflux disease; PCOS: Polycystic ovarian
syndrome.

Postoperative data collection and follow-up data
analysis

Patients returned to the outpatient clinic 2 wk after
surgery and then every 3 mo for the first postoperative
year to monitor weight loss, dysphagia or food
intolerance, eating behavior, comorbidity status, and
the presence of any complications. Follow-up frequency
was then increased to every 12 mo after the first
year. Telephone interviews were also used to monitor
patients who were unable to visit the outpatient clinic.
The degree of weight loss was expressed as the
percentage of total weight loss (%TWL) and the
percentage of excess weight loss (%EWL), with the
calculation of ideal body weight as that equivalent
2
to a BMI of 23 kg/m according to the World Health
Organization (WHO)-recommended definition of
[7]
obesity for Asians .

Statistical analysis

Statistical analysis was performed using SPSS version
18 for Windows (SPSS Inc., Chicago, IL, United
States). Medians with interquartile ranges of the
variables were calculated and compared between the
2
two different procedures. The χ test or Fisher’s exact
test was applied to analyze categorical variables,
while Mann-Whitney U test was used for continuous
variables. All tests were two-tailed and P values < 0.05
were considered significant.
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1

19 (8.1)
130 (110-150)
100 (50-200)
2 (1-2)
4 (1.7)

0.282
< 0.001
0.010
0.003
> 0.999

202 (85.6)

0.351

25 (10.6)
5 (2.1)
4 (1.7)
8 (3.4)

> 0.999

Data are presented as n (%) or median (interquartile range). 1MannWhitney U test for continuous variables, and Pearson’s χ 2 test or Fisher’
s exact test for categorical variables were applied; 2The severity of
postoperative complications were classified according to the Accordion
Severity Grading System. LSG: Laparoscopic sleeve gastrectomy; LRYGB:
Laparoscopic Roux-en-Y gastric bypass.

RESULTS
A total of 340 consecutive patients underwent either
LSG or LRYGB for morbid obesity during the study
period and were included in the study. One hundred
four patients (30.6%) underwent LSG, while 236
patients (69.4%) underwent LRYGB. The demographic
characteristics are shown in detail in Table 1. In
the LSG group, the patients were younger, and the
proportion of males was greater (P < 0.001 for both
factors) than the LRYGB group. Preoperative BMI was
2
38.6 kg/m [interquartile rage (IQR), 34.8-43.8] in
the LSG group, which was significantly higher than
2
the BMI of 37.2 kg/m (IQR, 33.6-41.7) for the LRYGB
group (P = 0.024). Patients with diabetes were more
prevalent in the LRYGB group (35.6% vs 18.3%, P =
0.001), while the incidence of other obesity-related
comorbidities was similar between the two groups.
The mean operating time and the length of
hospital stay were significantly shorter in the LSG
group than in the LRYGB group (100 min vs 130
min, P < 0.001; 1 d vs 2 d, P = 0.003; Table 2).
There was one patient in whom the scheduled LRYGB
was converted to LSG because of severe adhesions
between small bowel loops associated with a previous
history of panperitonitis. The left gastroepiploic
vessels were injured during LSG in one patient, but
there was no further evidence of ischemia. Technical
failure of gastrojejunostomy reconstruction was
encountered for four patients in the LRYGB group;
successful laparoscopic revision was accomplished for
all during the surgery. The incidence and severity of
postoperative complications did not statistically differ
between the groups (P = 0.351). Most complications in
the LSG group were minor, involving operative wound
or dietary problems; two severe complications were
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A

Table 3 Anthropometric outcomes at last follow-up

40

0.012

a
2

18.0 (12.0-24.0)

1

BMI (kg/m )

21.0 (14.5-28.0)

81.5 (64.0-98.5)
28.5 (24.5-34.2)
63.5 (44.8-88.0)
25.0 (19.4-32.9)
18 (21.2)
5 (4.8)

72.0 (63.0-85.0)
27.3 (24.1-30.2)
71.2 (53.7-91.1)
26.7 (20.0-32.4)
23 (13.6)
1 (0.4)

< 0.001
0.014
0.073
0.394
0.148
0.011

35

a

30

25

Data are presented as n (%) or median (interquartile range). 1MannWhitney U test for continuous variables and Pearson’s χ 2 test or Fisher’s
exact test for categorical variables were applied; 2A BMI of 23 kg/m2 was
adopted as the upper limit of normal to calculate %EWL according to the
World Health Organization recommended definition of obesity for Asians.
LSG: Laparoscopic sleeve gastrectomy; LRYGB: Laparoscopic Roux-en-Y
gastric bypass; BMI: Body mass index; EWL: Excess weight loss; TWL:
Total weight loss.

20
Preop 1M
Eligible patients
340 229
Patients at follow-up
LSG
104
87
LRYGB 236 142

B

3M

6M

9M

12M

18M

24M

36M

204

174

60

194

116

88

29

81
123

78
96

18
42

81
113

43
73

42
46

13
16

120

LSG
LRYGB

100

a

EWL (%)

80
60
40
20
0
1M

C

3M

6M

9M

40

12M

18M

LSG

24M

36M

a

LRYGB

35

a

30
TWL (%)

related to intra-abdominal bleeding in the immediate
postoperative period that required reoperation to
achieve hemostasis. Meanwhile, more than half of
the complications (18/34, 52.9%) were associated
with postoperative bleeding in the LRYGB group; 12
of these were mild, four were moderate, and two
were severe complications. The overall incidence of
postoperative bleeding was 7.6%, where two-thirds
of the cases presented as luminal bleeding and onethird presented as intra-abdominal bleeding. Clinically
significant hemorrhage requiring transfusion or
invasive intervention occurred in 10 patients (4.2%)
undergoing LRYGB. Other severe complications
included one case of gastric pouch leakage and one
intestinal obstruction; both of these required surgical
intervention.
Patients were followed up for an average of
approximately 21.0 mo and 18.0 mo in the LSG and
LRYGB groups, respectively (Table 3). Although the
postoperative BMI was significantly higher in the LSG
2
group than in the LRYGB group (28.5 kg/m vs 27.3
2
kg/m , P = 0.014) at the last follow-up, the %EWL
and %TWL were similar between the groups (63.5%
vs 71.2%, P = 0.073; 25.0% vs 26.7%, P = 0.394).
The proportion of patients who had failed to achieve
50% of EWL 1 year postoperatively was larger in the
LSG group (21.2%) than in the LRYGB group (13.6%),
but the difference was not statistically significant (P =
0.148). Five patients in the LSG group (4.8%) required
revisional surgery following the initial procedure
because of intolerable de novo reflux disease (n = 2)
and insufficient weight loss (n = 3). On the other hand,
only one patient (0.4%) who had undergone LRYGB
requested revision, RYGB reversal, due to malnutrition,
and the rate of revision was significantly lower than in
the LSG group (P = 0.011).
The chronological changes in anthropometric data
during the follow-up period are shown in Figure 1. The
body weight and BMI of the LSG group were generally
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LSG
LRYGB

LSG (n = 104) LRYGB (n = 236) P value
Mean follow-up period
(mo)
At last follow up
Body weight (kg)
BMI (kg/m2)
%EWL (%)2
%TWL (%)
EWL < 50% at 1 year
Revision

45

25
20
15
10
5

1M

3M

6M

9M

12M

18M

24M

36M

Figure 1 Chronological changes in anthropometric outcomes. A: Body
mass index; B: Percentage of excess weight loss; C: Percentage of total
weight loss. Medians are used to depict the values, and error bars indicate
the interquartile range. aP < 0.05 between groups. LSG: Laparoscopic sleeve
gastrectomy; LRYGB: Laparoscopic Roux-en-Y gastric bypass; BMI: Body
mass index; EWL: Excess weight loss; TWL: Total weight loss.

higher than those of the LRYGB group throughout
the study period. However, there were no significant
differences between the LSG and LRYGB groups in
%EWL and %TWL, which plateaued at around 80%
and 30%, respectively, in both groups.
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A

100

80

Table 4 Long-term complications (> 30 d) n (%)
LSG (n = 104)
50.0%

GERD
Anemia

57.4%

%

60

LRYGB (n = 236)
28 (26.9)
4 (3.8)

40

20

50.0%

42.6%

Marginal ulcer
Confirmed by endoscopy
Clinically suspicious
Anemia
GERD
Peterson hernia
Ventral hernia

64 (27.1)
15 (6.4)
49 (20.8)
53 (22.5)
11 (4.7)
3 (1.3)
3 (1.3)

LSG: Laparoscopic sleeve gastrectomy; LRYGB: Laparoscopic Roux-en-Y
gastric bypass; GERD: Gastro-esophageal reflux disease.

0
Resolved
Sustained

B

LSG
7
7

LRYGB
39
29

75.0%

77.3%

25.0%

22.7%

LSG
21
7

LRYGB
68
20

59.3%

66.0%

comorbidity resolution (Figure 2).
Differences were observed between the groups
in the types of long-term complications experienced
(Table 4). Twenty-eight patients (26.9%) presented
with gastroesophageal reflux symptoms following
LSG; 24 of these suffered from de novo reflux
symptoms after the surgery, and four showed
aggravation of pre-existing gastroesophageal reflux
disease (GERD). The most frequently encountered
long-term complication following LRYGB was marginal
ulcers. The clinical symptom-based incidence reached
27.1%, but only one-fourth of the cases were
confirmed with endoscopic evaluation. Most of the
symptoms associated with both reflux esophagitis
and marginal ulcers were well managed with proton
pump inhibitors (PPIs). However, two patients in the
LSG group were converted to LRYGB due to intolerable
reflux symptoms, and one patient in the LRYGB
group developed panperitonitis owing to marginal
ulcer perforation and required emergent laparotomic
exploration to redo the gastrojejunostomy.

100

80

%

60

40

20

0
Resolved
Sustained

C

100

80

DISCUSSION

%

60

40

20

40.7%

34.0%

0
Resolved
Sustained

LSG
16
11

LRYGB
70
36

Figure 2 Resolution of comorbidities. A: Diabetes; B: Hypertension; C:
Dyslipidemia. P = 0.769, 0.801, and 0.653, respectively.

The obesity-related comorbidities were resolved
in a considerable number of patients in both groups.
The overall resolution rates of the obesity-related
comorbidities were 56.1% for type 2 diabetes, 76.7%
for hypertension, and 64.7% for dyslipidemia in the
entire study population. No difference was observed
between the LSG and LRYGB groups regarding
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In the present study, both LSG and LRYGB were found
to be effective bariatric procedures with similar surgical
risks leading to equivalent weight loss outcomes
and comorbidity resolution during the medium-term
follow-up. To the best of our knowledge, this is the
first report comparing LSG vs LRYGB in obese Korean
patients, and we believe that this study will provide
valuable information to better guide clinical decisions
for individual obese patients in Korea.
Bariatric surgery is relatively new in East Asian
countries, including Korea. There is a marked tendency
in the region to prefer technically less demanding
procedures, including laparoscopic adjustable gastric
banding or LSG, over more complicated procedures
[4]
such as LRYGB or biliopancreatic diversion . This might
be attributable to the surgeons’ lack of experience as
well as to the sufficient weight loss outcomes achieved
by these relatively simple restrictive procedures. The
surgeon in the current study first began to perform
the technically less demanding LSG in 2008, and then,
starting in 2011, gradually began to adopt the more
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complicated LRYGB, after experience with 100 cases
of LSG. In the present study, we enrolled patients who
underwent surgery when the two surgical options were
evenly offered to prospective candidates. The selection
of the procedure type largely depended on the patient’
s decision after thorough discussion regarding the
outcomes and potential risks of each procedure based
on the historical data. However, LSG was prioritized
2
in super obese patients with BMI over 50 kg/m to
reduce surgical risks with further staged operation in
mind. This tendency has been reflected in the higher
preoperative BMI of the LSG group compared to that
of the LRYGB group.
LSG has been advocated for its technical simplicity
[8,9]
and reduced surgical risks compared to LRYGB .
According to a recent meta-analysis by Zhang et
[10]
al , LSG was shown to have statistically fewer
major complications than LRYGB. The perioperative
surgical outcomes in our series also suggested that
LSG was technically less demanding than LRYGB, with
a shorter operating time and hospital stay. Although
the incidence of overall and severe complications did
not statistically differ between LSG and LRYGB, the
incidence of both did trend higher for LRYGB, and
clinically significant bleeding requiring transfusion
or reoperation developed more frequently following
LRYGB. Given the disparity in surgical experience
with LSG and LRYGB in our series, however, there is
a chance that the complication rate of LRYGB can be
further lowered with sufficient experience on the part
of surgeons, and the trend toward higher complications
may presumably recede.
In the present study, both procedures achieved a
maximal %EWL of approximately 80% at between 12
and 18 mo postoperatively; this subsequently leveled
off. These results are in line with the recently published
literature reporting that the %EWL following LSG and
LRGYB ranged from 60.0%-76.5% and 69.0%-76.6%,
respectively, 1 year postoperatively, figures that were
maintained as 60.0%-75.4% and 70.0%-73.0%,
[8,9,11,12]
respectively, 2 years postoperatively
. The
slightly higher %EWL in our study might be explained
by the lower preoperative BMI of our study cohort,
since %EWL is significantly influenced by initial BMI
[13]
level . The recent meta-analysis by Zhang et al
found that the excess weight loss was similar between
LSG and LRYGB in the early postoperative period,
[10]
for up to 2 years . The present study also revealed
that LSG and LRYGB demonstrated almost equal
efficacy in terms of %EWL during the study’s 3 years
of postoperative follow-up. Some studies with longer
follow-up periods have suggested that weight regain
is more prevalent in patients who have undergone
[11,14]
LSG
, but the number of patients who were
followed up in the present study became too small
after 2 years to allow a definite conclusion. Longer
follow-up with a larger number of patients is necessary
to determine whether the reduced weight would be
maintained thereafter. Interestingly, the attrition rate
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was higher in the LRYGB group than in the LSG group
throughout the follow-up period, with the exception of
the third year. This finding might be attributable to the
fact that the surgeon traced the patients undergoing
LSG more rigorously in order to evaluate whether or
not they required secondary operations.
A recent meta-analysis suggested that LSG
and LRYGB showed equivalent efficacy in regard to
resolution of most of the obesity-related comorbidities,
except for diabetic control where LRYGB was
[10]
superior to LSG . The current study showed similar
resolution rates of hypertension, dyslipidemia, and
diabetes following both procedures. As shown by the
preoperative clinical characteristics, the patients with
diabetes in our study initially inclined toward LRYGB,
expecting an additional metabolic effect from bypass.
Therefore, there could be a selection bias from the
beginning. In addition, the number of patients with
diabetes in the LSG group was too small to allow
a comprehensive comparison of the efficacy of the
two procedures in diabetic control. Nonetheless,
the resolution rate of diabetes in the current study
was estimated to be less than 60% even following
LRYGB, a figure which is much lower than the diabetes
remission rate of 92%-95% reported in a recently
[15]
published meta-analysis . Ethnic differences in the
characteristics of type 2 diabetes, such as early β-cell
dysfunction, could be the reason for the decrease in
effective diabetic control, despite equivalent %EWL,
[16]
relative to the Western population-based studies .
The potential long-term complications can be
an important issue when determining the type of
surgical procedure for a given obese patient. The
present study showed that patients undergoing LSG
and LRGYB encountered different kinds of long-term
complications following the surgery. LSG led to far
less frequent nutritional problems, such as anemia,
than LRYGB; but new onset GERD developed in about
23% of the patients. Although the majority of patients
with pre-existing GERD (71.4% in the LSG group vs
94.7% in the LRYGB group) experienced symptom
improvement along with weight loss following both
procedures, the resolution rate was considerably lower
in the LSG group, and some patients experienced
endoscopically proven disease aggravation following
LSG, similar to the results from a previous randomized
[8]
trial . On the other hand, marginal ulcer was one of
the representative complications following LRYGB.
The reported incidence varies significantly in the
literature, ranging from 3.5% to 12.3%, depending
[17-20]
on the definition and evaluation method
. The
incidence of endoscopically confirmed marginal ulcers
was 6.4% in the present study, which is consistent
with previous reports. However, the actual incidence
is expected to be higher, considering that only about
half of the symptomatic patients were evaluated with
endoscopy while the rest were managed with PPIs
based on their symptoms. The incidence of marginal
ulcer is reported to be as high as 27%-36% among
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[21,22]

symptomatic patients
. Currently, plausible risk
factors for marginal ulcer following LRGYB include
technical factors, such as a long gastric pouch or
non-absorbable suture materials, smoking, nonsteroidal anti-inflammatory drugs, diabetes mellitus,
[19]
and possibly Helicobacter pylori infection . Although
both post-LSG GERD and post-LRYGB marginal
ulcers responded well to the PPI treatment, two LSG
patients eventually required revisional surgery, and
one LRYGB patient underwent emergent operation
due to marginal ulcer perforation in our series. It is
difficult to say which complications would be easier
to manage. Nonetheless, surgeons should provide
a tailored surgical option for each patient that takes
into consideration the possible risks, as the long-term
complications may have a significant influence on the
quality of life following the surgery. We believe that
LRYGB would be a better choice for the patients with
symptomatic GERD preoperatively, while LSG would be
recommended for those with poor compliance or for
substance abusers, including heavy smokers.
There are several limitations to the present study.
Above all, this study is a retrospective study based
on prospectively collected data, and there could
be a selection bias for each group, as shown in the
preoperative demographics. Well-designed randomized
trials are necessary to truly elucidate the differences
between LSG and LRYGB. The attrition rate in our
series was also quite high, a finding that seems to
be a universal challenge among other institutions.
Since bariatric surgery and its related examinations
are not reimbursed at all in South Korea, the costs for
the follow-up examinations must come directly from
the patients. Patients are reluctant to cover all of the
expenses for regular surveillance unless they feel that
something is wrong, a situation which renders our
follow-up data less reliable.
In conclusion, both LSG and LRYGB are effective
procedures that yield comparable weight loss in
the mid-term with similar surgical risks. However,
a larger number of patients required revisional
surgery following LSG. The long-term complications
encountered after each procedure differ significantly,
and these complications are not negligible. Longer
follow-up periods are necessary to compare the longterm differences in weight loss and complications
between LSG and LRYGB.

gastrectomy (LSG), over more complicated procedures such as laparoscopic
Roux-en-Y gastric bypass (LRYGB). Therefore, comparisons between LRYGB
and LSG are still lacking from Asian countries to demonstrate of the efficacy of
each procedure.

Research frontiers

The present study evaluated the mid-term efficacy of LSG and LRYGB and
compared the results between the two procedures in obese Korean patients at
a single center.

Innovations and breakthroughs

Both LSG and LRYGB were found to be effective bariatric procedures
with similar surgical risks leading to equivalent weight loss outcomes and
comorbidity resolution during the mid-term follow-up. To the best of our
knowledge, this is the first report comparing LSG vs LRYGB in obese Korean
patients.

Applications

This study will provide valuable information to guide clinical decisions for
individual obese patients in Asian countries. LRYGB would be a better choice
for the patients with symptomatic GERD preoperatively, while LSG would
be recommended for those with poor compliance or for substance abusers,
including heavy smokers.

Peer-review

The authors present a head-to-head comparison of laparoscopic sleeve
gastrectomy and laparoscopic Roux-en-Y gastric bypass procedure as
performed at a single Korean center. They performed a retrospective analysis
of prospectively collected data. Overall the manuscript is well organized and
very well written. The authors are to be commended for their work.
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Abstract
AIM: To study the manifestations of perihepatic lymph
nodes during the episode of acute hepatitis flare by
point-of-care ultrasonography.
METHODS: One hundred and seventy-six patients
with an episode of acute hepatitis flare (ALT value >
5 × upper normal limit) were enrolled retrospectively.
Diagnosis of etiology of the acute hepatitis flare was
based on chart records and serological and virological
assays. The patients were categorized into two groups
(viral origin and non-viral origin) and further defined
into ten subgroups according to the etiologies. An
ultrasonograpy was performed within 2 h to 72 h
(median, 8 h). The maximum size of each noticeable
lymph node was measured. Correlation between clinical
parameters and nodal manifestations was analyzed
RESULTS: Enlarged lymph nodes (width ≥ 5mm)
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were noticeable in 110 (62.5%) patients, mostly in
acute on chronic hepatitis B (54.5%). The viral group
had a higher prevalence rate (89/110 = 80.9%) and
larger nodal size (median, 7 mm) than those of the
non-viral group (21/66 = 31.8%; median, 0 mm) (p
< 0.001 for both). Meanwhile, there were significant
differences in the nodal size between acute and chronic
viral groups (p < 0.01), and between acute hepatitis
A and non-hepatitis A viral groups (p < 0.001). In
logistical regression analysis, the nodal width still
showed strong significance in multivariate analysis (p <
0.0001) to stratify the two groups. The area under the
curve of ROC was 0.805, with a sensitivity of 80.9%,
a specificity of 68.2%, positive predictive value of
80.92%, negative predictive value of 68.18%, and an
accuracy of 76.14%.
CONCLUSION: Point-of-care ultrasonography to detect
perihepatic nodal change is valuable for clarifying the
etiologies in an episode of acute hepatitis flare.
Key words: Point-of-care ultrasonography; Perihepatic
lymph node; Acute on chronic hepatitis B; Acute
hepatitis A; Acute hepatitis flare
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The nodal manifestation in acute hepatitis flare
has never been well studied especially in an endemic
area of chronic hepatitis B. Our findings encouraged
point-of-care ultrasonography to be performed as
early as possible for clarifying the etiologies as well as
early treatments. Those subjects with viral origin have
a higher prevalence of nodal enlargement and larger
nodal size as compared with those of non-viral origin. A
5 mm cut-off value for nodal shortest diameter (width)
is convenient for defining nodal enlargement.
Feng IC, Wang SJ, Sheu MJ, Koay LB, Lin CY, Ho CH, Sun CS,
Kuo HT. Perihepatic nodes detected by point-of-care ultrasound
in acute hepatitis and acute-on-chronic liver disease. World J
Gastroenterol 2015; 21(44): 12620-12627 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i44/12620.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i44.12620

INTRODUCTION
Acute hepatitis is often caused by one of several
hepatotropic viruses, by systemic viral infections
of the liver, or by drugs, toxic agents or hypoxia.
Abruptly elevated alanine aminotransferase (ALT)
level cannot be specific to any of the various causes.
Hence, a definite diagnosis always depends on detailed
history-taking, observations of clinical presentations
and survey of serum markers, which is always time
consuming and may delay targeting therapy toward
the offending etiologies. Acute flare of chronic hepatitis
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has been observed in some viral hepatitis cases
such as hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections as well as autoimmune hepatitis and
alcoholic hepatitis. The manifestations of acute flare
in chronic hepatitis are usually similar to those of
acute hepatitis, which makes a differentiation between
these two scenarios sometimes difficult. Liver biopsy is
therefore clinically important.
The enlarged lymph nodes around the hepato
duodenal ligament (perihepatic nodes) are prevalent
in chronic infections with HBV or HCV. The size of the
noticeable lymph nodes seemed to be histologically
and serologically correlated with the severity of
[1-4]
hepatic inflammation . Our comprehensive studies
demonstrated that the prevalence of nodal enlargements
(nodal width ≥ 5 mm) in chronic HBV infection and
chronic HCV infection groups was significantly increased
(56.9% and 69.4%, respectively, P < 0.001 for both)
when compared with that of non-viral type; take
note that this difference was independent of serum
aminotransferase levels. Meanwhile, the nodal width
was the only significant parameter when viral and non[5]
viral groups were compared (P = 0.031) . During
episodes of hepatitis flare, enlarged perihepatic lymph
nodes are always depicted by ultrasonography, however,
[6-9]
its clinical significance is not clear .
The growth of point-of-care ultrasonography
has progressed since the 1990s, Point-of-care ultra
sonography refers to ultrasonography performed and
interpreted by the clinician at the bedside for a realtime patient analysis, allowing immediate notations that
could be directly correlated with the patient’s presenting
[10]
signs and symptoms . In this study, we tried to
investigate whether the ultrasonographic assessment
of perihepatic lymphadenopathy could facilitate the
differential diagnosis in a cohort of patients with
hepatitis flare of various etiologies.

MATERIALS AND METHODS
Subjects

From June 2003 to January 2013, patients with
acute hepatitis flare presented to our institution
were enrolled into this study. Inclusive criterion
was abrupt elevation of alanine aminotransferase
(ALT) > 250 U/L (> 5 × upper normal limit) with or
without a known history of liver disease. All of the
patients had undergone a pathophysical survey for
the etiology, including routine abdominal sonographic
examination and simultaneous measurement of the
size of noticeable perihepatic lymph nodes. This study
was designed as a retrospective study and the data
were collected from chart review which was approved
by the local ethics committee. The patients were
categorized into two groups (viral origin and nonviral origin) and further defined into 10 subgroups
according to the clinically diagnosed etiology. Diagnosis
of acute hepatitis flare was based on chart records
and serological and virological assays, which were
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reviewed by two of the authors (Kuo and Wang). Acute
hepatitis A (AHA) was diagnosed by the presence of
anti-HAV IgM. Acute hepatitis B (AHB) was diagnosed
by the presence of a high titer of anti-HBc IgM.
Acute hepatitis C (AHC) was diagnosed by positive
seroconversion of anti-HCV antibody. All diagnoses
included recent possible infection bouts but no known
history of liver disease. Acute flare in chronic hepatitis
B (CHB) or C (CHC) was diagnosed by high HBV DNA
or HCV RNA viral load with a known history of chronic
HBV or HCV infection, and positive HBsAg or anti HCV
for more than 6 mo, without superinfection with other
virus. Acute flare in chronic autoimmune hepatitis
(AIH) was diagnosed by positive antinuclear antibody
(ANA) titer > 80 ×, and high serum IgG level (> 1.1
× upper normal limit) without a known history of viral
infections. Alcoholic hepatitis (AH) was diagnosed by
a known history of alcohol consumption, high serum
gamma-glutamyl transpeptidase (rGT) level without
biliary obstructive signs, and no known viral infections
or other etiologies. Drug induced liver disease (DILI)
was diagnosed by a known intake of hepatotoxic drug,
without known viral infections or other etiologies, and
complete recovery after cessation of the target drugs.
Bacterial infective hepatitis was diagnosed by toxic
infection with evidence of infective foci including acute
biliary tract infection or sepsis. Ischemic hepatitis was
diagnosed by an episode of hemodynamic collapse
without known viral infections or other etiologies,
and rapid recovery after restoration of hemodynamic
status. Patients with superinfection on chronic viral
hepatitis, acute non-viral flare in chronic viral hepatitis,
known malignancy, poor visualization of sonography, a
history of abdominal surgery, or acute liver failure with
mortality were excluded.

Serologic and laboratory tests

White blood cell (WBC) count, platelet (PLT) count, ALT
level, rGT level, total bilirubin level, alfa-fetoprotein
(AFP) level and ANA titer were measured during acute
flare stage using routine automated techniques at
our clinical pathology laboratories. Serum hepatitis
markers, including HBsAg, anti-HBs, HBeAg, anti-HBe,
anti-HAV IgM, anti-HBc IgM, anti-HDV, and anti-HCV,
were tested using the EIA kit (Abbott Diagnostics,
North Chicago, IL, United States). Serum HBV DNA
was tested using Roche Cobas Amplicor HBV Monitor
test (Roche COBAS TaqMan HBV Test, lower limit of
detection: 69 or 1.84 log 10 copies/mL; 12 or 1.08 log
10 IU/mL, Roche Diagnostics, Pleasanton, CA, United
States). Serum HCV-RNA levels were determined using
the COBAS AMPLICOR HCV MONITOR test, version 2.0
(Roche Diagnostics, Branchburg, NJ, United States),
with a detection threshold between 600 and 850000
IU/ml.

Ultrasound detection of perihepatic lymph nodes

After diagnosis of acute hepatitis flare, an ultrasonograpy
was performed within 2 h to 72 h (median, 8 h). Two
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ultrasound scanners (SSD-5000 Aloka, Tokyo, Japan
and Xario SSA-660A, Toshiba Medical Systems, Tokyo,
Japan) equipped with a 3.75-5 MHz convex probe and
color Doppler imaging were used. After the completion
of the standard scanning of the whole abdomen, any
other solid structures beside the common hepatic
artery and/or the main portal vein were specifically
studied. One or more ovoid masses that were less
echogenic than the liver parenchyma were detected
as solid masses on the Doppler sonography; these
masses were clearly separated from adjacent organs
and vessels on transverse, sagittal, and oblique scans.
The maximum size of each noticeable lymph node
was measured on the longest axis (length) and the
corresponding perpendicular short axis (width). In
patients with multiple lymph nodes, the measured and
calculated values were added for a total value, and the
maximal values were used for analysis. An enlarged
lymph node was defined as the nodal width ≥ 5
[5]
mm . The concurrent liver parenchymal manifestation
by sonography was recorded as early change (normal/
fatty liver) or late change (chronic liver parenchymal
disease/liver cirrhosis). The wall thickness of the
gallbladder, which has been a sonographic marker
of acute hepatitis, was also recorded as normal or
thickened when the typical three-layer appearance was
depicted. The prevalence and size of enlarged lymph
nodes were compared between groups and subgroups.
Correlation between clinical parameters and nodal
manifestations was also evaluated for surveillance
accuracy in this hepatitis flare cohort.

Statistical analysis

Clinical and biochemical characteristic patterns of
patients are expressed as mean ± SD or median
with interquartile range (IQR). Data between
groups/subgroups were tested by U test (MannWhitney) and Wilcoxon test, and p < 0.05 was
judged to be statistically significant. Sensitivities
and specificities were given with 95% confidence
intervals. Comparisons between groups/subgroups
2
were made by Pearson’s χ test or Fisher’s exact test
for categorical variables. To find the independent
factor, univariate logistic regression analysis was
used to select possible variables as p-value < 0.1.
Then, multiple logistic regression analysis was used to
identify the independent factors. A p-value < 0.05 was
considered significant in multiple logistic regression
analysis. All analyses were performed using SPSS 20.0
statistical software.

RESULTS
There were a total of 203 patients who fulfilled the
inclusive criteria and 27 patients were excluded due
to variable reasons (9 for incomplete data, 8 for poor
visualization of sonography, 4 for superinfection, 4 for
unknown causes and 2 for mortality). One hundred
and seventy-six patients were enrolled for this study,
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Table 1 Nodal manifestations of variable etiologies in this study cohort, number of cases (n ), gender distribution, nodal prevalence
(WT ≥ 5 mm) and nodal width (WT) values (medium and mean)
Diagnosis according to etiology
Viral
CHBwAE
CHCwAE
Acute A
Acute B
Acute C
Non-viral
AIH
AH
DILI
Infective
Ischemic

n

Gender (%) male/female

WT ≥ 5 mm (Yes/No) (%)

77
11
5
11
6

64.9/35.1
63.6/36.4
60/40
54.5/45.5
50/50

77.9/22.1
100/0
100/0
63.6/36.4
100/0

6.5 (5, 8)
6.1 (5, 7)
13 (13, 14)
6.8 (4, 8.1)
8.15 (8, 9)

6.32 ± 3.245
6.79 ± 2.23
15.12 ± 7.76
6.35 ± 3.27
7.92 ± 1.41

10
9
24
13
10

20/80
88.9/11.1
37.5/62.5
30.8/69.2
70/30

50/50
44.4/55.6
29.2/70.8
30.8/69.2
10/90

4.65 (0, 7)
3.3 (0, 7.6)
0 (0, 5.1)
0 (0, 5.2)
0 (0, 5.2)

3.83 ± 3.51
3.77 ± 3.84
2.08 ± 2.90
2.57 ± 3.16
0.90 ± 1.91

WT, median (Q1, Q3)

WT, mean ± SD

CHBwAE: Chronic B hepatitis with acute flare; CHCwAE: Chronic C hepatitis with acute flare; Acute A: Acute hepatitis A; Acute B: Acute hepatitis B;
Acute C: Acute hepatitis C; AIH: Autoimmune hepatitis; AH: Alcoholic hepatitis; DILI: Drug induced liver injury; Infective: Infective hepatitis; Ischemic:
Ischemic hepatitis; WT: Width.

Table 2 Demographic differences between viral and non-viral groups
Viral group (n = 110)
Gender (%) male/female
Age (years), mean ± SD
ALT (IU/L), median (Q1-Q3)
Total bilirubin (mg/dl), median (Q1-Q3)
AFP (ng/ml), median (Q1-Q3)
WBC (/µl), median (Q1-Q3)
PLT (103/µl), median (Q1-Q3)
WT, median (Q1-Q3)
Gallbladder wall thickening (%) (Yes/No)
Echogenecity (%) (1/0)
LN5 (%) (Yes/No)

62.7/37.3
40 ± 14.63
1055 (516.8-1869)
1.57 (0.72-5.15)
8.22 (4.60-18.83)
5900 (5000-7500)
186 (151-251)
7 (5-8.9)
32.7/67.3
30.6/69.4
80.9/19.1

Non-viral group (n = 66)
45.5/54.5
52.47 ± 17.82
821 (316-1520)
2.49 (0.98-5.92)
4.7 (0-7.6)
7200 (5700-9500)
206.5 (142-263)
0 (0-5.4)
30.3/69.7
20.3/79.7
31.8/68.2

p value
0.025
< 0.001
0.022
0.335
< 0.001
0.003
0.543
< 0.001
0.738
0.142
< 0.001

Clinical and biochemical characteristics of patients are expressed as median. Data were tested by U test (Mann-Whitney) and Wilcoxon test, and p < 0.05
was judged to be statistically significant. WT: value of nodal width; Echogenecity: chronic liver parenchymal change; 1: Positive, 0: Negative; LN5: Nodal
width ≥ 5 mm. ALT: Alanine aminotransferase; AFP: α-fetoprotein; PLT: Platelet; WBC: White blood cell.

including cases of CHB with acute exacerbation (n =
77), CHC with acute exacerbation (n = 11), AHA (n
= 5), AHB (n = 11), AHC (n = 6), AIH (n = 10), AH
(n = 9), DILI (n = 24), infective hepatitis (n = 13),
and ischemic hepatitis (n = 10) (Table 1). They were
further divided into a viral origin group (n = 110) and
a non-viral origin group (n = 66) (Table 2).
Enlarged lymph nodes (width ≥ 5 mm) were
noticeable in 110 patients with a total prevalence
rate of 62.5%, most of which were diagnosed in CHB
patients with acute flare (66/110 = 54.5%). The
prevalence rates in all subgroups were as follows: CHB
with acute flare (60/77 = 77.9%), CHC with acute
flare (11/11 = 100%), AHA (5/5 = 100%), AHB (7/11
= 63.6%), AHC (6/6 = 100%), AIH(5/10 = 50%),
AH (4/9 = 44.4%), DILI (7/24 = 29.2%), infective
hepatitis (5/13 = 30.8%), and ischemic hepatitis (1/10
= 10%) (Table 1). The viral origin group had a higher
prevalence rate (89/110 = 80.9%) than the non-viral
origin group (21/66 = 31.8%) (Table 2) (p < 0.001).
The median nodal width was 7 mm in the viral origin
group and 0 mm in the non-viral origin group. In
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subgroups, the median nodal width was as follows:
CHB with acute flare, 6.5 mm; CHC with acute flare,
6.1 mm; AHA, 13 mm; AHB, 6.8 mm; AHC, 8.15 mm;
AIH, 4.65 mm; AH, 3.3 mm; DILI, 0 mm; infective
hepatitis, 0 mm; and ischemic hepatitis, 0 mm. There
were significant differences in nodal size between
the viral and non-viral groups (p < 0.001), between
the acute and chronic viral groups (p < 0.01), and
between the AHA and non-AHA viral groups (p < 0.001)
(Figure 1).
In logistical regression analysis, gender, age, WBC
level and nodal width differed significantly between the
viral and non-viral groups in univariate analysis (p =
0.026, < 0.0001, 0.003 and < 0.0001, respectively).
The nodal width still had strong significance in
multivariate analysis (p < 0.0001) (Table 3).
When using the value of nodal width to differentiate
between the viral and non-viral groups, the area under
the curve of ROC was 0.805 (Figure 2). If the cut-off
value was 5 mm, it showed a sensitivity of 80.9%,
a specificity of 68.2%, positive predictive value of
80.92%, negative predictive value of 68.18%, and
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P < 0.001

P < 0.01

25

20

15

15

15

WT (mm)

20

10

10

5

5

Viral

10

5

0

0

P < 0.001

25

20

WT (mm)

WT (mm)

25

0

Non-viral

Chronic

Acute

AHA

Non-AHA

Figure 1 nodal width differed significantly between viral and non-viral groups (p < 0.001), between acute and chronic viral groups (p < 0.01), and between
acute hepatitis A and non-acute hepatitis A viral groups (p < 0.001). AHA: acute hepatitis A; WT: the value of nodal width.

Table 3 Logistical regression analysis between viral and non-viral groups
Univariate analysis
Variables

OR

95%CI

Gender (M/F)

2.020

1.087-3.753

Age (yr)

1.048

1.027-1.069

ALT (IU/100 L)

0.982

0.956-1.008

Total bilirubin

1.011

AFP (ng/ml)

Multivariate analysis

P value

P value

OR

95%CI

0.026

0.280

0.108-0.725

0.009

< 0.0001

1.033

1.001-1.065

0.04

0.982

0.973

0.929-1.019

0.24

0.961-1.064

0.665

1.239

1.096-1.401

0.001

0.992

0.982-1.003

0.141

0.971

0.955-0.987

< 0.0001

WBC (/100 µl)

1.018

1.006-1.030

0.003

1.026

1.008-1.045

0.006

PLT (103/µl)

1.002

0.998-1.005

0.391

1.003

0.997-1.009

0.352

Gallbladder wall thickening

0.894

0.462-1.727

0.738

0.579

0.198-1.696

0.319

Echogenecity

0.579

0.278-1.207

0.579

0.803

0.272-2.370

0.691

WT

0.687

0.612-0.771

< 0.0001

0.627

0.530-0.741

< 0.0001

The gender, age, WBC level and the nodal width had significant differences in univariate analysis (p = 0.026, < 0.0001, 0.003 and < 0.0001, respectively). The
nodal width remains strong significance in multivariate analysis (p < 0.0001). WT: value of nodal width. ALT: Alanine aminotransferase; AFP: α-fetoprotein;
PLT: Platelet; WBC: White blood cell.

an accuracy of 76.14%. A cut-off value of 3.7 mm
resulted in a sensitivity of 89.1%, a specificity of
65.2% and the best accuracy rate of 80.14%.

DISCUSSION
In this study we found that the nodal enlargement
was prevalence in acute hepatitis or acute flare on
chronic liver disease especially in those caused by viral
etiologies.
Among the various common etiologies, AHA
manifested the most prominent nodal enlargement and
ischemic hepatitis was of the least. The manifestations
of perihepatic lymph nodes had been studied in liver
disease of variable etiologies, mainly on chronic
liver disease including AIH, primary biliary cirrhosis
(PBC), CHB and CHC by ultrasound, CT and MRI and
correlated to histopathology of the liver both by tissue
[2,3,11-19]
biopsy and by graft from transplantation
. The
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accuracy of ultrasound detection of enlarged lymph
[19]
nodes had been well validated by CT and MRI .
Correct sonographic detection of perihepatic lymph
nodes has been confirmed by autopsy and verified by
excision and histological examination during elective
liver surgery with a high correlation coefficient (r =
[20]
0.94) .
However, there was less information about nodal
change during acute hepatitis or acute flare on chronic
liver disease. A small cohort study of acute hepatitis
had been reported from Germany, where chronic viral
[9]
hepatitis is not endemic . Acute viral hepatitis had
both a higher prevalence rate of noticeable nodes and
larger nodal size than acute toxic liver disease.
Our study, within the endemic area of HBV and HCV
infections, revealed that perihepatic lymphadenopathy
(width ≥ 5 mm) in patients with acute hepatitis flare
may predict a viral etiology, mostly CHB with acute
flare. This is eminent in cases when urgent antiviral
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Sensitivity

0.8
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0.6
1-specificity

0.8
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Figure 2 area under the curve of ROC for the value of nodal width to
discriminate between viral and non-viral groups was 0.805.

therapy is indicated, especially in those CHB patients
with signs of hepatic decompensation. Ultrasound
examination is naturally convenient, productive,
affordable and safe. It can provide strong evidence
before any results of laboratory examination are
shown. Point-of-care ultrasonography should be widely
promoted for its accurate depiction of the perihepatic
[10]
nodal change during episode of acute hepatitis flare .
HBV and HCV are non-cytopathic viruses and thus
immunologically mediated events are critical factors in
the pathogenesis and outcome of these infections. The
adaptive immune response mediates virtually all of the
[21]
liver disease associated with viral hepatitis .
In this study, we found that AHA has more
prominent nodal size than other acute viral hepatitis
or chronic viral hepatitis with acute flare. AHA caused
by primary infection with hepatitis A virus (HAV) is
a common form of acute viral hepatitis. HAV is also
a non-cytopathic virus, and hepatocyte injury is
mediated by activated T cells in AHA. The frequency of
circulating Tregs was reduced during AHA. A decrease
in Treg numbers led to reduced suppressive activity of
the Treg pool and consequently resulted in severe liver
injury during AHA which was not observed in other
acute liver diseases such as acute hepatitis B, acute
[22]
hepatitis C and toxic/drug-induced hepatitis . Thus,
nodal reaction in acute hepatitis A could be a special
sonographic detection for the diagnosis.
Immune mechanisms play a critical pathogenetic
role in the majority of liver diseases, and are of crucial
importance in particular infections and autoimmune
[23]
disease affecting the liver . Our study revealed
variable prevalence and measurable size between
variable non-viral etiologies of acute hepatitis
flare, which may reflect the variable magnitudes of
intrahepatic immune responses. Earlier studies of
perihepatic lymph nodes revealed that autoimmune
hepatobiliary diseases including PBC and AIH were
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associated with nodal enlargement. The nodal size
and prevalence both correlated with the inflammatory
[1,13]
severity
. We found that most of the non-viral
hepatitis patients, however, presented with less
prominent and less prevalent nodal enlargement than
the viral group. Interestingly, four of nine alcoholic
hepatitis patients also manifested with prominent nodal
reaction, which, to our knowledge, has never been
reported before. Immune response has been explored
to be the mechanism of alcoholic liver disease.
Immune responses were increased in the group of
patients who are actively drinking or abstinent < 6
mo and although weaker, persisted in the abstinent
[24]
patients . The meaning of nodal enlargement in
some alcoholic hepatitis cases requires further studies
to evaluate its contribution to pathophysiology and
management. The mechanism of acute ischemic
hepatitis is more hemodynamic than immunologic
and presents less nodal reaction (10% in the present
study). In a patient with acute hepatitis flare with
hemodynamic collapse, an enlarged perihepatic lymph
node detected by ultrasound examination indicates
etiologies other than ischemic hepatitis alone.
The mechanism of perihepatic lymph nodal reaction
in liver disease, an important immune response, had
not been well studied before. There was some evidence
from previous studies of the celiac node, which is one
[25]
of the main perihepatic lymph nodes. Matsuno et al
had identified the celiac node as a drainage pathway
of the lymphatic macrophages from the hepatic
sinusoids. In an animal study, orally administered
antigen could induce antigen-speciﬁc regulatory T cells
[26]
in the liver-draining celiac lymph node . Recently, by
using Evans Blue and puriﬁed dendritic cells, the celiac
node was proved as lymphatic drainage of liver tissue
in mice, which could reflect the intra-hepatic immune
[27]
response appropriately . Furthermore, a recent study
about hepatitis B provided the evidence that the liverdraining lymph nodes induce an anti-HBV-specific
immune response responsible for HBV clearance after
[28]
hydrodynamic injection of HBV plasmid .
All of the above evidence suggested an immune
responsive correlation between the perihepatic
lymph nodes and the liver parenchyma. The nodal
manifestations in variable liver diseases with different
inflammatory stages merit further evaluations.
The issues for measurements of the nodal size and
detectable number are critical when the magnitude
of immune response is concerned. With inconsistent
correlations, however, associations of the nodal size
and number with serum parameters of cytolysis,
severity of histologic damage, viremia, and a high CD8
lymphocyte level have been reported in many CHC
[4,15,20]
studies
. Previously, the nodal size was measured
by the nodal maximal diameter (long axis or short axis)
or area (long axis multiplies short axis) with a maximal
[13,14]
cut in transverse view or sagittal view
. A more
convincing measurement was to calculate the nodal
[20]
volume assumed with an ellipsoid shape . However,

12625

November 28, 2015|Volume 21|Issue 44|

Feng IC et al . Perihepatic nodes in acute flare hepatitis
an enlarged node around the common hepatic artery
[29,30]
does not necessary form as an ellipsoid shape
.
The detectable number is also influenced by various
factors including the operator’s experience, definition
of nodal enlargement and the resolution power of the
machine. In our previous large series study, a nodal
width (the short diameter) greater than 5 mm has
the same predictable and more convenient value than
[30]
the nodal volume. Recently, Shu et al
also noted
that enlarged lymph nodes (more than 5 mm in the
short diameter) could be found in about 90% of CHB
patients by using MRI, which also proved that nodal
width is related to the degree of liver inflammation
(grade), when compared with liver biopsy pathology
report. In this cohort of patients with acute hepatitis
flare, nodal width also provided a better discrimination
between viral and non-viral subgroups with the AUROC
of 0.805. Actually, in this study cohort, a cut-point of 3.7
mm had a sensitivity of 89.1%, a specificity of 65.2%
and a better accuracy rate of 80.14% than that of 5
mm. However, 5 mm may be clinically more practical
for operation and no analytical difference was noted
when either 5 mm or 3.7 mm was applied.

Limitation

It is difficult to make a correct differential diagnosis
only by history-taking and laboratory data without
pathology between AHB and CHB or between AHC
and CHC. None of our patients has undergone a
liver biopsy for diagnosis and some patients in the
acute subgroup may belong to the chronic hepatitis
with acute flare subgroup if a non-detectable chronic
infection was present. However, the liver biopsy during
acute flare hepatitis might be contraindicated due to
impaired coagulative functions.
Based on our observations, point-of-care ultra
sonography to detect perihepatic nodal change when
performed in acute flare hepatitis is valuable to
differentiate the etiologies of viral origins from nonviral origins. In an endemic area of HBV infection, CHB
with acute flare presents the most prevalent nodal
enlargement. In a hemodynamic critical patient with
acute hepatic flare, an enlarged perihepatic lymph
node detected by ultrasonography indicates etiologies
other than ischemic hepatitis alone.
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Abstract
AIM: To evaluate the efficacy of peripheral portal vein
(PV)-oriented non-dilated bile duct (BD) puncture for
percutaneous transhepatic biliary drainage (PTBD).
METHODS: Thirty-five patients with non-dilated BDs
underwent PTBD for the management of various biliary
disorders, including benign bilioenteric anastomotic
stricture (n = 24), BD stricture (n = 5) associated
with iatrogenic BD injury, and postoperative biliary
leakage (n = 6). Under ultrasonographic guidance,
percutaneous transhepatic puncture using a 21-G
needle was performed along the running course of the
peripheral targeted non-dilated BD (preferably B6 for
right-sided approach, and B3 for left-sided approach) or
along the accompanying PV when the BD was not well
visualized. This technique could provide an appropriate
insertion angle of less than 30° between the puncture
needle and BD running course. The puncture needle
was then advanced slightly beyond the accompanying
PV. The needle tip was moved slightly backward while
injecting a small amount of contrast agent to obtain the
BD image, followed by insertion of a 0.018-inch guide
wire (GW). A drainage catheter was then placed using
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a two-step GW method.
RESULTS: PTBD was successful in 33 (94.3%) of the
35 patients with non-dilated intrahepatic BDs. A rightsided approach was performed in 25 cases, while a
left-sided approach was performed in 10 cases. In 31
patients, the first PTBD attempt proved successful. Four
cases required a second attempt a few days later to
place a drainage catheter. PTBD was successful in two
cases, but the second attempt also failed in the other
two cases, probably due to poor breath-holding ability.
Although most patients (n = 26) had been experiencing
cholangitis with fever (including septic condition
in 8 cases) before PTBD, only 5 (14.3%) patients
encountered PTBD procedure-related complications,
such as transient hemobilia and cholangitis. No major
complications such as bilioarterial fistula or portal
thrombosis were observed. There was no mortality in
our series.
CONCLUSION: Peripheral PV-oriented BD puncture
for PTBD in patients with non-dilated BDs is a safe and
effective procedure for BD stricture and postoperative
bile leakage.
Key words: Percutaneous transhepatic biliary drainage;
Cholangitis; Obstructive jaundice; Non-dilated bile duct
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Percutaneous transhepatic biliary drainage
(PTBD) offers a valuable alternative for access to the
biliary system when endoscopic biliary drainage is
impossible or infeasible. PTBD is generally performed
in jaundiced patients with dilated bile ducts (BDs).
However, some patients inevitably require PTBD even
in the absence of dilated BD. Achieving needle access
to the non-dilated BD is a challenging procedure. The
present study reported on detailed technical aspects of
peripheral portal vein-oriented BD puncture for PTBD in
patients with non-dilated BDs, and also examined the
safety and success rates of this procedure.
Shimizu H, Kato A, Takayashiki T, Kuboki S, Ohtsuka M,
Yoshitomi H, Furukawa K, Miyazaki M. Peripheral portal
vein-oriented non-dilated bile duct puncture for percutaneous
transhepatic biliary drainage. World J Gastroenterol 2015;
21(44): 12628-12634 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i44/12628.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i44.12628

INTRODUCTION
At present, endoscopic retrograde biliary drainage
(ERBD) is the first-line treatment for patients with
[1,2]
obstructive jaundice caused by benign
or malignant
[3-5]
bile duct (BD) stricture . However, the endoscopic
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transpapillary approach can often be difficult or even
impossible in patients undergoing distal gastrectomy
with Billroth Ⅱ reconstruction or bilioenteric Roux-en Y
[6,7]
anastomosis after extrahepatic BD resection
in spite
of recent improvement of balloon-enteroscope-assisted
[8]
ERBD . In such cases, percutaneous transhepatic
biliary drainage (PTBD) offers a valuable alternative
for access to the biliary system. PTBD still plays an
[9,10]
important role
, when an endoscopic approach is
[11,12]
unsuccessful or infeasible
.
PTBD is generally performed in jaundiced patients
[13,14]
with dilated intrahepatic BD
. As a result, BD
cannulation is easily achieved in most cases. However,
PTBD in patients without intrahepatic BD dilatation is
[15-18]
often very difficult
because the drainage catheter
has to be inserted into the very small-caliber BD. A
recent quality improvement guideline for PTBD reported
that the threshold of success rate for non-dilated ducts
[19]
was 65% . However, some cases inevitably require
PTBD even in the absence of a dilated intrahepatic
BD, such as in cases of recurrent cholangitis resulting
from BD stricture or bilioenteric anastomotic stricture,
particularly when signs of a septic or pre-septic
condition are present. Furthermore, when patients
encounter biliary leakage from the resected surface of
the liver after hepatectomy or biliary leakage associated
with BD injury during laparoscopic cholecystectomy
[20,21]
(Lap-C)
, the intrahepatic BD remains non-dilated in
[22,23]
most cases
. In such cases, PTBD can be technically
demanding, but may offer the most simple and effective
[24-26]
treatment for postoperative biliary leakage
.
The present study reported on the detailed te
chnical aspects of peripheral portal vein (PV)-oriented
BD puncture for PTBD in patients with non-dilated
intrahepatic BDs. We also evaluated the safety and
success rates of our PTBD procedure in patients with
non-dilated BDs.

MATERIALS AND METHODS
Between 2001 and 2014, PTBD procedures were
performed for 405 patients at our institution, including
35 patients with non-dilated intrahepatic BDs (20
men and 15 women; mean age, 64.5 years; range,
38-75 years). Baseline characteristics of the patients
are shown in Table 1. Non-dilated BDs were defined
as peripheral BDs measuring < 2 mm in diameter
or by visualization of peripheral BDs smaller than
[27]
the adjacent PV , based on ultrasonography (US).
Twenty-seven patients had previously undergone
operations at other hospitals and were referred to
our institution due to recurrent cholangitis or biliary
leakage after surgery.
Underlying pathologies were as follows: 24 patients
with benign bilioenteric anastomotic stricture after
extrahepatic BD resection due to BD injuries during
Lap-C (n = 14) or open cholecystectomy (n = 2),
after pancreatoduodenectomy (n = 4) or after living
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Table 1 Baseline characteristics of the patients (n = 35)

Table 2 Outcomes of percutaneous transhepatic biliary
drainage in patients with nondilated intrahepatic duct n (%)

Characteristic
Gender
Male/female
Age (yr)
T-BiL (mg/dL)
ALP (IU/L)
Cholangitis
Present/absent
Hepatolithiasis
Present/absent
Indication for biliary drainage n (%)
Bilioenteric anastomotic stricture
Bile duct stricture
Bile leak after initial surgery

Technical success
First PTBD
Second PTBD1
PTBD procedure-related complication
Transient hemobilia
Cholangitis

20/15
64.5 (38-75)1
3.8 (1.4-8.2)
784 (236-2082)
9/26

1

Second PTBD attempt was performed a few days later in all cases. PTBD:
Percutaneous transhepatic biliary drainage.

10/15
24 (68)
5 (15)
6 (18)

1

mean (range). T-BiL: Total bilirubin; ALP: Alkaline phosphatase.

donor liver transplantation (n = 4); 5 patients with
benign BD stricture after BD primary repair due to BD
injury during Lap-C (n = 3) or with primary sclerosing
cholangitis (n = 2); and 6 patients with bile leakage
after hepatectomy (n = 3), Lap-C (n = 2) or living
donor liver transplantation (n = 1) (Table 2). US and
multidetector-row computed tomography (MDCT) were
performed for all patients before PTBD procedures. The
position of the targeted peripheral bile duct in relation
to the accompanying PV was evaluated by MDCT. The
total of 35 cases included 7 cases in which endoscopic
approaches had failed, including 4 cases with doubleballoon enteroscopy due to Roux-en-Y reconstruction.
In the remaining 28 cases, the endoscopic approach
had not been attempted because of the postoperative
reconstructed anatomy.

Peripheral PV-oriented BD puncture technique with twostep guide-wire method

PTBD procedures were performed under local ane
sthesia with mild sedation. The most appropriate BD
for targeted puncture was the B6 peripheral branch for
the right-sided approach (Figures 1 and 2) or B3 for
the left-sided approach, because the distance between
the skin and puncture site of the BD was short and
running course of the target BD was mostly straight
from the hepatic hilus to the peripheral puncture site.
Under ultrasonographic guidance, the non-dilated
peripheral branch of B6 or B3 was punctured with a
21-G needle (PTCD Two Step Drainage Set; Cook,
Tokyo, Japan) along the running course of the BD
or accompanying PV in the case when the targeted
BD was not well visualized (Figure 1A), and the
puncture needle was advanced slightly beyond the
accompanying PV. After removal of the inner stylet, the
needle tip was moved slightly backward while injecting
a very small amount of contrast agent (0.5-1.0 mL)
to obtain a BD image (Figure 1B), because the back
flow of bile could not be obtained in most cases with
the non-dilated BD. Once a BD image was obtained,
contrast agent was quickly injected to acquire a
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33 (94.3)
31
2
5 (14.3)
1
4

clear image of the hilar BD. A 0.018-inch guide-wire
(GW) was then advanced carefully into the BD while
controlling the needle tip (Figure 1C). During this
process, the insertion angle between the puncture
needle and running course of the BD (Figure 3) is
very important. The angle should be less than 30°,
otherwise, insertion of the assembly set catheter (PTCD
Two Step Drainage Set; Cook) into the BD over the
thin, 0.018-inch GW may become quite difficult.
After the thin GW was inserted and locked at a
secure position in the BD, the 21-G puncture needle
was removed. The assembly set (PTCD Two Step
Drainage Set; Cook), consisting of a metallic cannula
and inner sheath and outer sheath catheters, was
slowly inserted over the thin GW, and advanced into
the targeted BD. The metallic cannula and inner
sheath catheter were then removed, leaving the outer
sheath catheter behind in the BD. Cholangiography
was performed to confirm that this catheter had been
correctly placed into the BD. A 0.035-inch hydrophilic
GW (Radifocus, Terumo, Tokyo, Japan) was then
inserted to a secure position in the biliary system. A 7-Fr
catheter with a distal curve (Seeking catheter; Hanako
Medical, Saitama, Japan) was then inserted along the
GW (Figure 1D) and the BD stricture or anastomotic
stricture was crossed using the GW. A final 8-Fr
drainage tube (Straight; Hanako Medical) with side
halls was advanced to the appropriate position for
internal-external drainage (Figure 1D). After an
interval of several days, dilation of the stricture site
was performed with a balloon catheter and plastic
dilator (Cook). The drainage catheter was exchanged
in size up to 14-18 Fr, and kept for 3-6 mo after the
first PTBD placement to avoid re-stricture. However,
in this study, PTBD procedures were considered as
successful when the PTBD catheter was successfully
inserted into the BD.

RESULTS
PTBD was successful in 33 (94.3%) of the 35 patients
with non-dilated intrahepatic BDs. In 31 patients,
the first PTBD attempt proved successful. Four cases
required a second attempt a few days later to place the
drainage catheter. This second attempt was successful
for two cases, but failed in the other two cases,
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A

B

C

D

B6

Figure 1 A 57-year-old man who had undergone living donor liver transplantation with right posterior sectional graft 8 mo earlier presented with recurrent
cholangitis due to stricture of the bilioenteric anastomosis. A: Computed tomography shows that the intrahepatic bile duct (BD) is not dilated. The arrow indicates
a peripheral branch of B6; B: Under ultrasonographic guidance, a non-dilated peripheral branch of B6 is punctured along its running course with a 21-G needle; C:
While controlling the needle tip, a 0.018-inch guide-wire (GW) is inserted carefully into the BD; D: When the hydrophilic 0.035-inch GW crosses the anastomotic
stricture, a 7-Fr catheter with distal curve crosses the stenotic bilioenteric anastomosis and advances into the jejunal loop.

A

B

C

D

*
*

Figure 2 A 65-year-old man who had undergone segment 5 resection and radiofrequency ablation in segment 1 for hepatocellular carcinoma presented
with bile leakage after surgery. A: Computed tomography shows non-dilated intrahepatic bile ducts and an intraperitoneal drainage tube (arrow) placed at the time
of surgery; B: Cholangiogram via the endoscopic nasobiliary drainage tube (arrowhead) reveals stricture of the posterior sectional bile duct (arrow). Asterisk shows
the intraperitoneal drain placed at the time of surgery; C: Non-dilated peripheral B6 (arrow) is punctured with a 21-G needle. Asterisk shows the intraperitoneal drain
placed at the time of surgery; D: An 8-Fr biliary drainage tube is advanced through the strictured right posterior sectional bile duct and placed from B6 to the common
bile duct.

A

B
P6

B6

Figure 3 This technique increased the possibility of the puncture needle crossing the targeted non-dilated bile duct, and also provided an appropriate
angle to insert the drainage catheter for the next step. A: The insertion angle between the puncture needle and running course of the bile duct (BD) should be less
than 30°; B: Under ultrasonographic guidance, percutaneous transhepatic puncture is performed along the running course of the targeted peripheral non-dilated BD (B6
for right-sided approach) or along the accompanying portal vein (P6) when the BD is not well visualized. This technique can provide an appropriate insertion angle of
less than 30° between the puncture needle and BD running course.

probably due to poor breath-holding ability (Table
2). A right-sided approach via B6 was performed in
23 cases, and via B5 in 2 cases, while a left-sided
approach was performed through B3 in 9 cases, and
B2 in 1 case.
Although most patients (n = 26) had been suffering
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from cholangitis with fever including septic condition
in 8 cases before PTBD, only 5 (14.3%) of 35 patients
encountered PTBD procedure-related complications,
such as transient hemobilia and cholangitis (Table 2).
No major complications such as bilioarterial fistula
or portal thrombosis were observed. There was no
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mortality in our series.

DISCUSSION
Successful biliary drainage is essential for the ma
nagement of recurrent cholangitis due to BD stricture
[1,2]
or bilioenteric anastomotic stricture , and also for
[24-26]
effective treatment of postoperative biliary leakage
.
Although ERBD is currently the first-line treatment,
endoscopic transpapillary access to the biliary system
can often prove difficult, because of postoperative
anatomical conditions such as with Billroth Ⅱ recon
[6,7]
struction or bilioenteric Roux-en-Y anastomosis .
In such cases, PTBD offers a valuable alternative for
[11,12]
accessing the biliary system
. Surgical management
may also be one of the options for the treatment of BD
or bilioenteric anastomotic stricture. However, surgical
re-exploration and repair of the biliary system, such as
BD reconstruction or bilioenteric re-anastomosis, can be
extremely difficult and complex in patients with long[28-30]
lasting cholangitis
, particularly due to Bismuth type
[31]
[32,33]
.
Ⅲ or Ⅳ biliary stricture
Non-dilated intrahepatic BDs have generally been
defined as peripheral BDs measuring < 2 mm in
diameter or by visualization of a BD smaller than the
[27]
adjacent PV
based on US. According to previous
reports, the success rate for PTBD in patients with non[17,18,24-26]
dilated BDs has ranged from 75% to 90%
,
and complication rates were also higher as compared
[16]
to patients with dilated BDs . According to the
[19]
recent quality improvement guideline for PTBD ,
the threshold of success rate for non-dilated ducts is
65%, and the rates of major complications, such as
hemorrhage and sepsis, are 5%. In our series, PTBD
was technically successful in 94.3% of patients without
any major complications. In cases with non-dilated BDs,
BD puncture is generally performed much closer to the
hepatic hilum, because the target BD is simply larger.
However, BD puncture close to the hepatic hilum may
carry a high risk of vascular complications, including
bilioarterial fistula and PV thrombosis. Peripheral
BD puncture is therefore preferable to central BD
puncture, but is technically demanding, resulting in
[27]
lower success rates. Funaki et al
clearly reported
that many BD punctures and passes were required for
BD cannulation in patients with non-dilated BDs.
With recent improvements of the resolution of
US, peripheral BD can be visualized in most cases.
However, after a failure of the first BD puncture, the
target non-dilated BD was not well visualized in most
cases. In such situations, we punctured along the
peripheral PV running parallel with a target BD using a
21-G needle. This technique increased the possibility
of the puncture needle crossing the targeted nondilated BD, and also provided an appropriate angle to
insert the drainage catheter for the next step (Figure
3). A similar puncture technique was reported by
[15]
Lee et al , who termed the procedure the “parallel
technique”. Our series successfully performed the PTBD
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procedure using a 21-G puncture needle with a twostep GW method exchanging from a 0.018-inch GW to
a 0.035-inch GW. Furthermore, no major complications
such as bilioarterial fistula or PV thrombosis after
PTBD procedure were encountered in this series.
Minor PTBD-related complications included transient
hemobilia and cholangitis, with a morbidity rate of
14.2%. Accordingly, the most advantageous point of
this technique is the safe procedure, as the puncture
site is very peripheral and major complications such
as portal thrombosis or bilioarterial fistula are unlikely
to occur. On the other hand, this procedure may be
technically demanding. Therefore, it is better for a
biliary physician, surgeon or radiologist who is familiar
with the biliary anatomy and has mastered ordinary
PTBD techniques to perform this procedure.
In conclusion, peripheral PV-oriented BD puncture
with two-step GW method for PTBD is safe and
feasible, offering high success rates in patients with
non-dilated intrahepatic BDs. This procedure is useful
and effective for the management of BD or bilioenteric
anastomosis strictures and postoperative biliary
leakage.

COMMENTS
COMMENTS
Background

At present, endoscopic retrograde biliary drainage is the first-line treatment
for patients with obstructive jaundice caused by benign or malignant bile duct
(BD) stricture. However, the endoscopic transpapillary approach can often
prove difficult or even impossible in patients undergoing distal gastrectomy
with Billroth Ⅱ reconstruction or bilioenteric Roux-en Y anastomosis after
extrahepatic BD resection. Percutaneous transhepatic biliary drainage (PTBD)
offers a valuable alternative for access to the biliary system when endoscopic
biliary drainage is impossible or infeasible. PTBD is generally performed in
jaundiced patients with dilated BDs. However, some cases inevitably require
PTBD even in the absence of a dilated BD. Achieving needle access to the
non-dilated BD is challenging. The present study reported on the detailed
technical aspects of peripheral portal vein (PV)-oriented BD puncture for PTBD
in patients with non-dilated BDs, and the safety and success rates of this
procedure.

Research frontiers

According to previous reports, the success rate for PTBD in patients with nondilated BDs has ranged from 75% to 90%, and complication rates were also
higher as compared to patients with dilated BDs. According to the recent quality
improvement guideline for PTBD, the threshold of success rate for non-dilated
ducts is 65%, and the rates of major complications, such as hemorrhage and
sepsis, are 5%.

Innovations and breakthroughs

In cases with non-dilated BDs, BD puncture is generally performed much
closer to the hepatic hilum because the target BD is simply larger. However,
BD puncture close to the hepatic hilum may carry a high risk of vascular
complications. Peripheral BD puncture is therefore preferable to central BD
puncture, but is technically demanding, resulting in lower success rates. Under
ultrasonographic guidance, percutaneous transhepatic puncture using a 21-G
needle was performed along the running course of the peripheral targeted nondilated BD (preferably B6 for a right-sided approach, and B3 for a left-sided
approach) or along the accompanying PV when the BD was not well visualized.
This strategy increased the probability of non-dilated BD puncture without risk
and could also provide an appropriate insertion angle of less than 30° between
the puncture needle and BD running course. In these series, PTBD was
technically successful in 94.3% of patients without any major complications.
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Applications

Peripheral PV-oriented BD puncture with two-step guide wire method for PTBD
is safe and feasible, offering high success rates in patients with non-dilated
intrahepatic BD. This procedure is useful and effective for the management of
BD or bilioenteric anastomosis strictures and postoperative biliary leakage.

12

Terminology

Non-dilated bile ducts (BDs): peripheral BDs measuring < 2 mm in diameter
or by visualization of peripheral BDs smaller than the adjacent PV based on
ultrasonography.

13

Peer-review

The authors of this paper evaluated the efficacy of peripheral PV-oriented nondilated BD puncture for PTBD. In their series, PTBD was technically successful
in 94.3% of patients without any major complications. Peripheral PV-oriented
non-dilated BD puncture for PTBD is therefore a safe and effective procedure
for BD stricture and postoperative bile leakage, with a high success rate.
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Abstract
AIM: To identify the actual clinical management and
associated factors of delayed perforation after gastric
endoscopic submucosal dissection (ESD).
METHODS: A total of 4943 early gastric cancer (EGC)
patients underwent ESD at our hospital between
January 1999 and June 2012. We retrospectively
a s s e s s e d t h e a c t u a l m a n a g e m e n t o f d e l aye d
perforation. In addition, to determine the factors
associated with delayed perforation, after excluding
123 EGC patients with perforations that occurred
during the ESD procedure, we analyzed the following
clinicopathological factors among the remaining 4820
EGC patients by comparing the ESD cases with delayed
perforation and the ESD cases without perforation: age,
sex, chronological periods, clinical indications for ESD,
status of the stomach, location, gastric circumference,
tumor size, invasion depth, presence/absence of
ulceration, histological type, type of resection, and
procedure time.
RESULTS: Delayed perforation occurred in 7 (0.1%)
cases. The median time until the occurrence of delayed
perforation was 11 h (range, 6-172 h). Three (43%)
of the 7 cases required emergency surgery, while
four were conservatively managed without surgical
intervention. Among the 4 cases with conservative
management, 2 were successfully managed endo
scopically using the endoloop-endoclip technique. The
median hospital stay was 18 d (range, 15-45 d). There
were no delayed perforation-related deaths. Based
on a multivariate analysis, gastric tube cases (OR =
11.0; 95%CI: 1.7-73.3; P = 0.013) were significantly
associated with delayed perforation.
CONCLUSION: Endoscopists must be aware of not
only the identified factors associated with delayed
perforation, but also how to treat this complication
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effectively and promptly.
Key words: Early gastric cancer; Endoscopic submucosal
dissection; Delayed perforation; Emergency surgery;
Conservative management
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, delayed perforation occurred in
0.1% (7 cases) of 4943 early gastric cancer patients
undergoing endoscopic submucosal dissection (ESD);
43% (3 cases) of these cases required emergency
surgery. This study also showed that the gastric tube
was an independent risk factor associated with delayed
perforation. This study is significant because it clarified
both the clinical management and risk factors of
delayed perforation based on data from a large series
of consecutive patients undergoing ESD. Endoscopists
must be aware of not only the identified factors
associated with delayed perforation, but also how to
treat this complication effectively and promptly.
Suzuki H, Oda I, Sekiguchi M, Abe S, Nonaka S, Yoshinaga
S, Nakajima T, Saito Y. Management and associated factors
of delayed perforation after gastric endoscopic submucosal
dissection. World J Gastroenterol 2015; 21(44): 12635-12643
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i44/12635.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i44.12635

INTRODUCTION
Endoscopic submucosal dissection (ESD) is widely
used in East Asia (e.g., Japan and Korea) as an
initial treatment for early gastric cancer (EGC) with a
negligible risk of lymph node (LN) metastasis, even
[1-4]
for cases that involve large and ulcerative lesions .
The therapeutic outcomes of gastric ESD are excellent;
however, there are still cases of various complications,
[5,6]
such as bleeding and perforation . ESD procedurerelated perforations can be subdivided into perforations
that occur during gastric ESD and delayed perforations
occurring after the completion of gastric ESD. Most
perforations occur during gastric ESD, and the risk
of perforation reportedly ranges from 1.2% to 9.6%
[5-12]
for gastric ESD
. The majority of perforation
cases can be treated conservatively using complete
[5,6,13]
endoscopic closure with endoclips
. In contrast,
delayed perforation is a rare (with an incidence of
0.43% to 0.45%) but serious complication that
[6,14-20]
sometimes requires emergent surgery
. Under
these circumstances, the actual clinical management
and the associated factors of delayed perforation
induced by gastric ESD should be clarified to minimize
its incidence and to treat this complication effectively
and promptly. Although several reports have described
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delayed perforation after gastric ESD, no published
report has thoroughly evaluated the various factors
associated with delayed perforation based on data from
a large series of consecutive EGC patients undergoing
[14-20]
ESD
. Therefore, we attempted to identify the
actual clinical management and the associated factors
of delayed perforation induced by ESD for EGC based
on our extensive clinical experience.

MATERIALS AND METHODS
Patients

A total of 4943 EGC patients (male:female ratio,
3.9:1; median age, 69 years; range, 27-96 years)
underwent ESD at our hospital between January
1999 and June 2012. The clinicopathological findings
of these 4943 EGC patients are shown in Table 1. In
our hospital, according to the Japanese gastric cancer
treatment guideline, ESD is generally performed
based on two independent sets of clinical indications:
absolute indications for standard treatment, and
[3]
expanded indications for investigational treatment .
Furthermore, ESD is also performed for a small
number of patients with locally recurrent EGC or
EGC lesions outside the clinical indications for ESD,
particularly gastric tube cases, because the mortality
[21-24]
rate for surgical resection is remarkably high
. The
definitions for the characteristics of EGC lesions, such
as status of the stomach (normal stomach/remnant
stomach after a gastrectomy/gastric tube after an
esophagectomy), lesion location (upper/middle/lower
third of the stomach), gastric circumference (greater
curvature/lesser curvature/anterior wall/posterior wall),
tumor size, depth of invasion [mucosa (M)/submucosa
(SM)], presence of ulcerations, and histological type
(differentiated-type/undifferentiated-type), were based
on the Japanese classification of gastric carcinoma and
[3,25]
the Japanese gastric cancer treatment guidelines
.
The term “gastric tube” refers to a stomach conduit
that has been pulled up into the thorax for use as an
[23,24]
esophageal substitute after an esophagectomy
.
The histological type was defined according to the
major histological features of the lesion. Differentiatedtype adenocarcinoma included tubular adenocarcinoma
and papillary adenocarcinoma, while undifferentiatedtype adenocarcinoma included poorly differentiated
adenocarcinoma, signet-ring cell adenocarcinoma and
mucinous adenocarcinoma.

ESD procedure

The ESD procedure began with the identification of the
lesion and the marking of dots at a distance of about
5 mm outside of the lesion. After submucosal injection
using a saline solution or sodium hyaluronate (MucoUp;
Johnson & Johnson Corp., Tokyo, Japan) with epi
nephrine, a 1- to 2-mm precut was made with an
electrosurgical needle knife (KD-1L-1; Olympus Optical,
Tokyo, Japan) or the Dual knife (KD-650Q; Olympus
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2884 (58.3)
1737 (35.1)
141 (2.9)
181 (3.7)

Jaw hot biopsy forceps (Boston Scientific Japan, Tokyo,
Japan)], or by grasping them with endoclips. The setup for the high-frequency generators for ESD along
with the IT knife for early gastric cancer (ICC200 Erbe
Elektromedizin, Tübingen, Germany, ESG100 Olympus
Medical and VIO300D Erbe Elektromedizin, Tübingen,
Germany) is shown in Table 2. The risks and benefits
of ESD were thoroughly explained to each patient,
and written informed consent was obtained from them
in accordance with our institutional protocols prior to
treatment.
The procedure time was defined as the time from
circumferential marking around the lesion to the
completion of the ESD procedure. An en bloc resection
was defined as a one-piece resection, and a piecemeal
resection was defined as the removal of a lesion in
[3,25]
more than one piece
.

4704 (95.2)
152 (3.1)
87 (1.7)

Assessments of actual clinical management and
associated factors of delayed perforation

Table 1 Clinicopathological findings of 4943 early gastric
cancer patients undergoing endoscopic submucosal dissection
Clinicopathological finding
Age (yr)
median (range)
< 70
≥ 70
Sex
Male
Female
Chronological periods
1st period: 1999-2005
2nd period: 2006-2012
Clinical indications
Absolute indications
Expanded indications
Locally recurrent EGC
Outside indications
Stomach status
Normal stomach
Remnant stomach
Gastric tube
Location
Upper
Middle
Lower
Circumference
Greater curvature
Lesser curvature
Anterior wall
Posterior wall
Size (mm)
median (range)
≤ 20
> 20
Depth of invasion
M
SM
Ulceration
Absent
Present
Histological type
Differentiated
Undifferentiated
Type of resection
En bloc resection
Piecemeal resection
Procedure time (h)
mean ± SD
<2
≥2

n (%)
69 (27-96)
2608 (52.8)
2335 (47.2)
3930 (80.0)
1013 (20.0)
2285 (46.2)
2658 (53.8)

904 (18.3)
2100 (42.5)
1939 (39.2)
807 (16.3)
2005 (40.6)
963 (19.5)
1168 (23.6)
15 (0.4-120)
3457 (69.9)
1486 (30.1)
4075 (82.4)
868 (17.6)
4073 (82.4)
870 (17.6)
4581 (92.7)
362 (7.3)
4859 (98.3)
84 (1.7)
1.4 ± 1.1
3811 (77.1)
1132 (22.9)

EGC: Early gastric cancer; M: Mucosa; SM: Submucosa.

Optical, Tokyo, Japan), followed by a circumferential
mucosal incision outside the marking dots with an
insulation-tipped (IT) diathermy knife (KD-610L;
Olympus Optical, Tokyo, Japan) or IT knife 2 (KD-611L;
Olympus Optical, Tokyo, Japan). The submucosal
layer was then dissected using an IT knife or an IT
knife 2 after an additional submucosal injection. Cases
with bleeding during or after the ESD procedure were
controlled by coagulating the bleeding vessels with the
IT knife itself and/or hemostatic forceps [Coagrasper
(FD-410LR; Olympus Optical, Tokyo, Japan) and Radial

WJG|www.wjgnet.com

We retrospectively assessed the incidence of delayed
perforation and the actual clinical management of
this complication, including the need for emergency
surgery, the methods of conservative management,
and the median hospital stay. For the cases with
delayed perforation requiring emergency surgery, the
reason for the emergency surgery was also clarified.
Finally, to determine the factors associated with delayed
perforation induced by gastric ESD, after excluding 123
(2.5%) EGC patients with perforations that occurred
during the ESD procedure, we retrospectively analyzed
the following clinicopathological factors among the
remaining 4820 EGC patients by comparing the ESD
cases with delayed perforation with the ESD cases
without perforation: age (< 70 years vs ≥ 70 years),
sex (male vs female), chronological periods (1st
period: 1999-2005 vs 2nd period: 2006-2012), clinical
indications for ESD (absolute indications vs expanded
indications vs locally recurrent EGC vs outside
indications), status of the stomach (normal stomach
vs remnant stomach after gastrectomy vs gastric tube
after esophagectomy), lesion location (upper/middle
vs lower), gastric circumference (greater curvature
vs lesser curvature vs anterior wall vs posterior wall),
tumor size (≤ 20 mm vs > 20 mm), depth of invasion
(M vs SM), presence/absence of ulceration, histological
type (differentiated-type vs undifferentiated-type),
type of resection (en bloc resection vs piecemeal
resection), and procedure time (< 2 h vs ≥ 2 h).

Definition of delayed perforation induced by gastric ESD
Delayed perforation was identified by the sudden
appearance of symptoms of peritoneal or mediastinal
pleura irritation (gastric tube case) after the
completion of gastric ESD, with free air visible on
X-ray or computed tomography (CT) images and/or
with a gross defect observed endoscopically, although
endoscopically visible perforations did not occur
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perforation. We performed a multivariate analysis
for clinicopathological factors that were significant in
univariate analyses. A logistic regression analysis was
used for the multivariate analysis. All the statistical
analyses were performed using the statistical analysis
software SPSS, version 20 (SPSS Japan Inc., Tokyo,
Japan). A P-value < 0.05 was considered statistically
significant.

Table 2 Set-up for the high-frequency generators for
endoscopic submucosal dissection along with the IT knife for
early gastric cancer
Procedure
ICC200
Marking
Precutting
Mucosal
incision
Submucosal
dissection

Device

Mode

Output

Needle knife
Needle knife
IT knife
Needle knife
IT knife

Forced coag
ENDO CUT
ENDO CUT

20W
Effect 3, 80W
Effect 3, 80W

ENDO CUT
Forced coag
ENDO CUT
Forced coag
Forced coag

Effect 3, 80W
50W
Effect 3, 80W
50W
50W

Soft coag

80W

Forced coag 1
Pulse cut slow
Pulse cut slow

20W
40W
40W

Pulse cut slow
Forced coag 2
Pulse cut slow
Forced coag 2
Forced coag 2

40W
50W
40W
50W
50W

Soft coag

80W

Needle knife
Endoscopic
hemostasis

ESG100
Marking
Precutting
Mucosal
incision
Submucosal
dissection

IT knife
Needle knife
Hot biopsy
Coagrasper
Needle knife
Needle knife
IT knife
Needle knife
IT knife
Needle knife

Endoscopic
hemostasis

VIO300D
Marking
Precutting

IT knife
Needle knife
Hot biopsy
Coagrasper
Needle knife
Needle knife

Mucosal
incision

IT knife

Needle knife

Submucosal
dissection

IT knife

Needle knife

Endoscopic
hemostasis

IT knife
Needle knife
Hot biopsy
Coagrasper

RESULTS
Incidence and actual management of delayed perforation

Delayed perforation occurred in 7 (0.1%) ESD cases
(Table 3). The median time until the occurrence of
delayed perforation was 11 h (range, 6-172 h). As
for the management of the delayed perforations, 3
(43%) of the 7 delayed perforation cases underwent
emergency surgery, while 4 were conservatively
managed with nasogastric tube placement, fasting,
and the use of intravenous antibiotics and proton
pump inhibitors. Two of the 3 patients who required
emergency surgery received an omentoplasty or
simple closure of the perforation hole; however, one
patient underwent a distal gastrectomy because the
ESD was evaluated as a non-curative resection. The
reason for the emergency surgery in these three
cases was panperitonitis with remarkable clinical
symptoms, such as diffuse and severe tenderness
and/or defense musculaire. Among the 4 cases treated
with conservative management, 2 were successfully
managed endoscopically using an endoloop-endoclip
[23,26]
technique
. In this technique, the endoloop
snare was anchored with some clips to the normal
[26]
mucosa around the delayed perforation defect . The
endoloop snare was tightened slightly, approximating
the borders of the defect. Finally, additional clips
were placed to achieve complete closure. The median
hospital stay in the delayed perforation cases was 18
d (range, 15-45 d). No delayed perforation-related
deaths occurred in this series.

Swift coag
ENDO CUT I

Effect 2, 50W
Effect 2,
CUT duration 2,
CUT interval 3
ENDO CUT I or Q
Effect 2,
CUT duration 2,
CUT interval 3
DRY CUT
Effect 4, 50W
ENDO CUT I
Effect 2,
CUT duration 2,
CUT interval 3
DRY CUT
Effect 4, 50W
ENDO CUT I or Q
Effect 2,
CUT duration 2,
CUT interval 3
DRY CUT
Effect 4, 50W
Swift coag
Effect 5, 50W
ENDO CUT I
Effect 2,
CUT duration 2,
CUT interval 3
DRY CUT
Effect 4, 50W
Swift coag
Effect 5, 50W
Swift coag
Effect 5, 50W
Soft coag

Factors associated with delayed perforation

Effect 5, 80W

during the ESD procedure and no remarkable clinical
symptoms were observed, suggesting perforation, just
after the ESD procedures.

Statistical analysis

The Fisher exact test or the χ test was used for the
univariate analyses to assess the above-mentioned
clinicopathological factors by comparing the ESD cases
with delayed perforation with the ESD cases without
2
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Based on univariate analyses, outside clinical indi
cations, gastric tube cases, location in the upper/
middle third of the stomach, and procedure time ≥ 2 h
were significantly associated with a delayed perforation
(Table 4). No significant difference between the
rates of delayed perforation was observed when the
absolute indications (0.1%) and expanded indications
(0.1%) were applied. Using a multivariate analysis for
these cases, gastric tube cases (OR = 11.0; 95%CI:
1.7-73.3; P = 0.013) were found to be significantly
associated with delayed perforation (Table 4).
A representative case (Case 4 in Table 3) with
delayed perforation is shown in Figures 1-5. A 64-yearold woman underwent surveillance endoscopy after an
esophagectomy for esophageal cancer. The endoscopy
showed a superficial depressed EGC lesion, 33 mm
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Table 3 Clinical management of delayed perforation induced by gastric endoscopic submucosal dissection
Case

Age (yr)

Sex

Stomach status

Time until the occurrence
of delayed perforation (h)

Panperitonitis or severe
mediastinitis

1
2
3

68
75
80

Male
Male
Male

Gastric tube
Normal stomach
Normal stomach

11
35
6

Absent
Absent
Absent

4

64

Female

Gastric tube

7

5
6
7

73
62
56

Male
Female
Female

Normal stomach
Normal stomach
Normal stomach

Management of delayed
perforation

Hospital stay
(d)

Conservative management
Conservative management
Conservative management with
endoloop-endoclip technique
Absent
Conservative management with
endoloop-endoclip technique
Present (Panperitonitis)
Emergency surgery
Present (Panperitonitis)
Emergency surgery
Present (Panperitonitis)
Emergency surgery

9
27
172

45
18
18
25
15
18
15

Table 4 Factors associated with delayed perforation induced by gastric endoscopic submucosal dissection n (%)
Clinicopathological finding

Age (yr)
< 70
≥ 70
Sex
Male
Female
Chronological periods
1st period: 1999-2005
2nd period: 2006-2012
Clinical indications
Outside indications
Other indications1
Stomach status
Normal stomach/Remnant stomach
Gastric tube
Location
Upper/Middle
Lower
Circumference
Greater curvature
Others2
Size (mm)
≤ 20
> 20
Depth of invasion
M
SM
Ulceration
Absent
Present
Histological type
Differentiated
Undifferentiated
Type of resection
En bloc resection
Piecemeal resection
Procedure time (h)
<2
≥2

Univariate analysis
ESD cases without perforation
(n = 4813)

ESD cases with delayed
perforation (n = 7)

2538 (99.8)
2275 (99.9)

4 (0.2)
3 (0.1)

3828 (99.9)
985 (99.7)

4 (0.1)
3 (0.3)

2194 (99.9)
2619 (99.8)

3 (0.1)
4 (0.2)

169 (98.8)
4644 (99.9)

2 (1.2)
5 (0.1)

4732 (99.9)
81 (97.6)

5 (0.1)
2 (2.4)

2894 (99.8)
1919 (100)

7 (0.2)
0 (0.0)

774 (99.6)
4039 (99.9)

3 (0.4)
4 (0.1)

3395 (99.9)
1418 (99.8)

4 (0.1)
3 (0.2)

3988 (99.9)
825 (99.8)

5 (0.1)
2 (0.2)

3982 (99.9)
831 (99.8)

5 (0.1)
2 (0.2)

4466 (99.9)
347 (99.4)

5 (0.1)
2 (0.6)

4743 (99.9)
70 (100)

7 (0.1)
0 (0.0)

3758 (99.9)
1055 (99.6)

3 (0.1)
4 (0.4)

P value

Multivariate analysis,
OR (95%CI),
P value

1.00

-

0.16

-

1.00

-

0.02

NS

0.006

11.0 (1.7-73.3), 0.013

0.047

NS

0.09

-

0.43

-

0.34

-

0.34

-

0.09

-

1.00

-

0.046

NS

1

Other indications, absolute indications, expanded indications and locally recurrent early gastric cancer; 2Others, lesser curvature, anterior wall and
posterior wall. ESD: Endoscopic submucosal dissection; M: Mucosa; SM: Submucosa; NS: Not significant.

in size, at the greater curvature of the upper gastric
body of the gastric tube (Figure 1). The estimated
tumor depth was the submucosa, and a biopsy
revealed a poorly differentiated adenocarcinoma.
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ESD was performed for this lesion as a diagnostic
procedure, and an en bloc resection with negative
margins was achieved without any complications.
As for the mucosal defect just after the completion
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Figure 1 A superficial depressed early gastric cancer lesion located at the
greater curvature of the upper gastric body of the gastric tube.

Figure 4 The delayed perforation was successfully closed using the
endoloop-endoclip technique.

Figure 2 Mucosal defect just after the completion of endoscopic
submucosal dissection (60 mm in size and half circumference).

Figure 5 The delayed perforation had almost completely healed 15 d after
endoscopic submucosal dissection.

using the endoloop-endoclip technique was attempted
and successfully performed (Figure 4). In detail, the
endoloop snare was anchored with some clips to
the normal mucosa around the delayed perforation
[23,26]
defect
. The endoloop snare was tightened slightly,
which approximated the borders of the defect. To
achieve complete closure, two endoloop snares with
additional clips were needed. The delayed perforation
had almost completely healed 15 d after ESD (Figure
5) and finally, the patient was conservatively managed
and was discharged 25 d after ESD.

Figure 3 A delayed perforation occurred 7 h after endoscopic submucosal
dissection.

of ESD, the size of the defect was 60 mm, and the
circumferential extent of the defect was one half of
the lumen of the gastric tube. At the proximal edge
of the ulceration, severe damage to the surface of the
muscularis propria as a result of electrical cautery was
seen, but no remarkable clinical symptoms, suggesting
perforation, were observed (Figure 2). Seven hours
after the ESD, a delayed perforation occurred with
chest pain (Figure 3). However, this patient did not
develop severe mediastinitis, so endoscopic closure
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DISCUSSION
Delayed perforation is reported to be a rare (incidence
of 0.43% to 0.45%) but serious complication induced
by gastric ESD that can sometimes require emergent
[6,14-20]
surgery
. Although several reports have described
delayed perforation after gastric ESD, no published
report has thoroughly evaluated the various factors
that are associated with delayed perforation based on
data from a large series of consecutive EGC patients
[6,14-20]
undergoing ESD
. Therefore, the present study is
significant because it clarified both the actual clinical
management and the associated factors of delayed
perforation induced by ESD for EGC based on data
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from a large series of consecutive patients undergoing
gastric ESD.
In the present study, delayed perforation after
gastric ESD occurred in 7 (0.1%) ESD cases, and 3
(43%) of these 7 cases required emergency surgery.
[14]
Another report from Hanaoka et al
described
6 (0.45%) cases with delayed perforation among
1329 EGC lesions, and 5 (83%) of these 6 cases
underwent emergency surgery. In addition, Kato et
[16]
al
reported 2 (0.43%) cases of delayed perforation
occurring after the completion of ESD among 468
cases of gastric non-invasive neoplasia, both of which
required emergency surgery. Several case reports
of delayed perforation after gastric ESD that were
successfully managed conservatively have also been
[15,17,18,20]
reported
. Thus, although a small number of
cases of delayed perforation might be successfully
managed conservatively (9 among 21 delayed
perforation patients, including 14 patients in previous
[14-20]
reports
and our 7 patients, were successfully
managed conservatively), we need to remember that
in delayed perforation cases, emergency surgery may
be required with a high probability and conservative
management might not always be feasible. In the near
future, the establishment of effective conservative
treatments may reduce the rate of delayed perforation
[20]
cases requiring emergency surgery . The early
recognition of the onset of delayed perforation after
the sudden appearance of symptoms of peritoneal
or mediastinal pleura irritation (gastric tube cases)
within 24 h after gastric ESD followed by prompt
conservative treatment may be useful for avoiding
emergency surgery. In the case of delayed perforation
without any findings of panperitonitis or severe
mediastinitis (gastric tube cases), the endoloopendoclip technique under CO2 insufflation might make
it possible to close defects of the gastric wall caused
by delayed perforation in a conservative manner, as
[23,26,27]
in our representative case
. CO2 insufflation has
increasingly been used instead of air insufflation to
[27]
minimize pneumoperitoneum caused by perforation .
The results of the present study also showed that
gastric tube cases were an independent risk factor
associated with delayed perforation after ESD, based
on a large consecutive series of EGC patients. Hanaoka
[14]
et al
reported that 5 out of 6 delayed perforations
occurred in the upper third of the stomach; however,
this report represented a case series of delayed
perforations without any assessment of the risk factors
associated with delayed perforation by comparing
the ESD cases with delayed perforation with ESD
cases without perforation. The reason for the high
frequency of delayed perforations in the gastric tube
was uncertain, but reduced vascular circulation of the
reconstructed gastric tube may have resulted in slower
[23]
[14]
ESD ulcer healing . In addition, Hanaoka et al
reported that the mechanism of delayed perforation
was thought to be due to electrical cautery during
the submucosal dissection or repeated coagulation
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causing ischemic changes to the gastric wall, resulting
[28]
in necrosis. Furthermore, Onogi et al
reported the
existence of a “transmural air leak” after gastric ESD,
as detected by a CT examination. In the present study,
we cannot rule out the possible existence of severe
damage to the surface of the muscularis propria with
a transmural air leak, since we did not perform a CT
examination in most of the cases undergoing gastric
ESD. Thus, there might be a possibility of developing
delayed perforation from severe damage to the
surface of the muscularis propria with transmural air
leaks after the ESD procedure. More recently, the
feasibility and effectiveness of ESD for gastric tube
[23,24]
cancer after esophagectomy have been reported
.
Thus, awareness of this finding is important before
the widespread use of this treatment, and in cases
of ESD for gastric tube cancer, it might be better to
avoid excessive electrical cautery during submucosal
dissection or repeated coagulation so as to prevent
delayed perforation.
Our study had several limitations. First, the results
of the present study were based on retrospective
assessments of the medical records of patients with
gastric ESD, although these data were based on a
large consecutive series of gastric ESDs. Second,
the present study was conducted at a single major
referral cancer center in a large metropolitan area of
Japan with many highly experienced endoscopists
with specific expertise in ESD. Thus, a prospective
multicenter study is required for a more precise
evaluation of the actual clinical management and the
associated factors of delayed perforation induced by
gastric ESD. Several multicenter prospective cohort
[29-31]
studies on gastric ESD are currently underway
.
In conclusion, endoscopists must be aware of not
only the identified factors associated with delayed
perforation induced by gastric ESD, but also how to
treat this complication effectively and promptly.
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Abstract
AIM: To share our experience regarding the laparoscopic
Frey procedure for chronic pancreatitis (CP) and patient
selection.
METHODS: All consecutive patients undergoing
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duodenum-preserving pancreatic head resection from
July 2013 to July 2014 were reviewed and those
undergoing the Frey procedure for CP were included
in this study. Data on age, gender, body mass index
(BMI), American Society of Anesthesiologists score,
imaging findings, inflammatory index (white blood
cells, interleukin (IL)-6, and C-reaction protein),
visual analogue score score during hospitalization and
outpatient visit, history of CP, operative time, estimated
blood loss, and postoperative data (postoperative
mortality and morbidity, postoperative length of
hospital stay) were obtained for patients undergoing
laparoscopic surgery. The open surgery cases in this
study were analyzed for risk factors related to extensive
bleeding, which was the major reason for conversion
during the laparoscopic procedure. Age, gender,
etiology, imaging findings, amylase level, complications
due to pancreatitis, functional insufficiency, and history
of CP were assessed in these patients.
RESULTS: Nine laparoscopic and 37 open Frey
procedures were analyzed. Of the 46 patients, 39
were male (85%) and seven were female (16%). The
etiology of CP was alcohol in 32 patients (70%) and
idiopathic in 14 patients (30%). Stones were found in
38 patients (83%). An inflammatory mass was found
in five patients (11%). The time from diagnosis of CP
to the Frey procedure was 39 ± 19 (9-85) mo. The
BMI of patients in the laparoscopic group was 20.4 ±
2
1.7 (17.8-22.4) kg/m and was 20.6 ± 2.9 (15.4-27.7)
2
kg/m in the open group. All patients required
analgesic medication for abdominal pain. Frequent
acute pancreatitis or severe abdominal pain due to
acute exacerbation occurred in 20 patients (43%).
Pre-operative complications due to pancreatitis were
observed in 18 patients (39%). Pancreatic functional
insufficiency was observed in 14 patients (30%). Two
laparoscopic patients (2/9) were converted. In seven
successful laparoscopic cases, the mean operative time
was 323 ± 29 (290-370) min. Estimated intra-operative
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blood loss was 57 ± 14 (40-80) mL. One patient had
a postoperative complication, and no mortality was
observed. Postoperative hospital stay was 7 ± 2 (5-11)
d. Multiple linear regression analysis of 37 open Frey
procedures showed that an inflammatory mass (P <
0.001) and acute exacerbation (P < 0.001) were risk
factors for intra-operative blood loss.
CONCLUSION: The laparoscopic Frey procedure for
CP is feasible but only suitable in carefully selected
patients.
Key words: Chronic pancreatitis; Frey procedure;
Laparoscopic surgery; Surgical outcome; Pain
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The Frey procedure is an effective treatment
for the relief of pain in chronic pancreatitis. Although
the open Frey procedure is well described, the
laparoscopic Frey procedure is rarely reported in the
literature. Here, we share our experience with nine of
these cases and discuss reasons for procedural failure.
In addition, we describe the criteria for candidate
selection and the results from a data review of open
Frey cases.
Tan CL, Zhang H, Li KZ. Single center experience in selecting
the laparoscopic Frey procedure for chronic pancreatitis. World J
Gastroenterol 2015; 21(44): 12644-12652 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i44/12644.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i44.12644

INTRODUCTION
Chronic pancreatitis (CP) is a benign inflammatory
disease characterized by the progressive conversion
of pancreatic parenchyma to fibrous tissue. For the
majority of CP patients, pain is the decisive symptom,
and it causes much discomfort in their daily life. The
management of CP is challenging, and most patients
remain symptomatic despite medical therapy. When
medical management fails, the next step is usually
endoscopic interventions. Surgical intervention is the
last resort when other treatments have failed, the
severity of disease has progressed substantially, and
pain is unmanageable.
Endoscopic therapy comprises pancreatic and
biliary sphincterotomy, stricture dilation and stenting,
stone extraction, and lithotripsy. However, not all
patients are fit for endoscopic therapy. This approach
requires careful patient selection and detailed
[1]
evaluation of the pancreatic duct anatomy . In fact,
many patients choose endoscopic therapy, which is
unsuitable, instead of surgical intervention, as it is
minimally invasive. Surgical interventions seem to

WJG|www.wjgnet.com

[2,3]

improve pain control , and it is necessary to develop
a minimally invasive approach for surgical intervention
in patients with CP.
In 2013, we performed the laparoscopic Frey
procedure in selected patients with CP. In the begin
ning, we found it difficult due to the high rate of
conversion because of extensive bleeding. Here, we
summarize the outcome of nine laparoscopic cases and
analyze the data for risk factors related to extensive
bleeding in 37 CP consecutive patients.

MATERIALS AND METHODS
This is a retrospective study of the Frey procedure
for CP. The outcome of laparoscopic cases were
summarized, and open cases in this study were
analyzed for risk factors related to extensive bleeding,
which was the major reason for conversion during
the laparoscopic procedure. After Institutional Review
Board approval, a retrospective review of our database
was performed for all consecutive patients undergoing
duodenum-preserving pancreatic head resection
(DPPHR) from July 2013 to July 2014, at West China
Hospital, Sichuan, China. Patients who underwent the
Frey procedure for CP were included in the present
study. Indications for the Frey procedure included
unmanageable pain after medical or endoscopic
therapy, suspected malignant lesion, and stones in
the distal pancreatic duct. Patients without malignant
lesions were considered for the laparoscopic approach,
and the Frey procedure was carried out by surgeons
with substantial experience with total laparoscopic
pancreaticoduodenectomy (PD) (> 20 cases) and
significant experience in the open Frey procedure.
Patients with malignant disease, which was proven
during or after surgery, were excluded. Laparoscopic
cases were described in this study and summarized
for a single experience. Data on the laparoscopic
cases, including age, gender, body mass index (BMI),
American Society of Anesthesiologists score, imaging
findings, inflammatory index [white blood cells,
interleukin (IL)-6 and C-reaction protein (CRP)], visual
analogue score (VAS) score during hospitalization and
outpatient visit, history of CP, operative time, estimated
blood loss, and postoperative data (postoperative
mortality and morbidity, postoperative length of
hospital stay) were obtained. The risk factors related
to extensive intra-operative bleeding were analyzed
in the open cases and included age, gender, etiology,
imaging findings, level of amylase, complications due
to pancreatitis, functional insufficiency, and history of
CP.

Technique

The patients were placed in the modified lithotomy
reverse Trendelenburg position with thighs parallel
to the ground. The operating surgeon stood between
the legs of the patient. The camera surgeon stood
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T5

T3

T2

T4

T1

Figure 1 Placement of the 5 ports. T1: 12 mm telescope trocar in the navel;
T2: 12 mm trocar along the left midclavear lines; T3: 12-mm trocar along the
right midclavear lines; T4: 5 mm trocar along the left anterior axillary line; T5: 5
mm trocar along the right anterior axillary line.

a

Figure 3 Resection of the branches of the gastrocolic trunk to expose the
whole pancreatic head.

b

Figure 2 Skeletonized gastrocolic trunk and its branches. a: Anterior
superior pancreaticoduodenal vein; b: Right colic vein.

Figure 4 The pancreatic duct was opened longitudinally using the
electrosurgical hook.

on the right side of the patient and two assistant
surgeons were on the left and right side of the patient,
respectively. The port positions are shown in Figure 1.
Five trocars were used: a 12 mm telescope trocar in
the navel (T1); two 12 mm trocars along the left (T2)
and right (T3) midclavear lines, lateral to the rectus
muscles, 2 cm above T1; two 5 mm trocars on the
left and right side, along the left (T4) and right (T5)
anterior axillary line.
The gastrocolic omentum was mobilized to gain
entry to the lesser sac. The gastrohepatic omentum
was opened to visualize the caudate lobe. The stomach
was hung using a urinary catheter and fixed beneath
the xiphoid process. The gastroduodenal artery was
clipped with white locking plastic vascular clips and
then resected. Conversion was considered if it was
difficult to find the gastroduodenal artery due to severe
inflammation around the pancreas. The gastrocolic
trunk and its branches were skeletonized, and then
the branches were resected to expose the whole
pancreatic head (Figures 2 and 3). Intra-operative
ultrasound was used to locate the main pancreatic
duct and the extent of stones. The pancreatic duct was
opened longitudinally using an electrosurgical hook
(Figure 4). Large ductal stones were extracted while

opening the duct distally and proximally (Figure 5). The
parenchyma of the pancreatic head with a depth to the
posterior wall of the Wirsung duct was excavated using
a harmonic scalpel (Ethicon Endo-Surgery, Johnson
& Johnson Company, New Brunswick, NJ, United
States), preserving parenchyma 0.5 cm wide close
to the duodenum to prevent damage to the biliary
duct in pancreatic parenchyma (Figure 6). The most
difficult procedure using the laparoscope was finding
the posterior wall of the Wirsung duct. It is advised
that the section of the pancreatic parenchyma near
the duodenum should be identified, which looks like a
dilated orifice. This is the landmark that can indicate
that enough of the pancreatic head tissue has been
excavated. Usually, this is very difficult to perform
even in open surgery, especially in patients with an
enlarged pancreatic head. If this is not found, the
depth of excavation should exceed the Santorini duct.
Stones in the uncinatus process should be excavated.
The resected pancreatic tissue was then sent for frozen
section examination. Intra-operative ultrasound was
then used again to identify residual stones in small
branch ducts. All stones visible to the naked eye were
removed.
The transverse mesocolon was raised cephalad
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Figure 5 Large ductal stones are extracted while opening the duct distally
and proximally.

Figure 7 One layer side-to-side pancreaticojejunostomy completed with
interrupted sutures.

RESULTS

Figure 6 The parenchyma of the pancreatic head is excavated using a
harmonic scalpel.

to identify the ligament of Treitz, and the pancreatic
limb was measured to 40 cm. The small bowel was
cut using an endolinear cutter (Ethicon Endo-Surgery,
Johnson & Johnson Company). The Roux limb was
marked and measured 40-60 cm according to the
length of the opened pancreatic duct to allow tensionfree retrocolic positioning to the lesser sac. A stapled
side-to-side jejunojejunostomy was created using the
endolinear cutter. The mesenteric defect was closed to
prevent a potential internal hernia.
Careful staunching of bleeding was performed
before pancreaticojejunostomy. The bowel was
opened longitudinally and a one layer side-toside pancreaticojejunostomy was completed with
interrupted sutures (Figure 7). A drain was then placed
beside the anastomosis.

Statistical analysis

All data are expressed as mean ± standard error of the
mean (SEM). Multiple linear regression analysis was
used to discriminate risk factors related to operative
blood loss. For all analyses, P < 0.05 was considered
significant. All analyses were performed using SPSS
version 18.0 software (SPSS Company, Chicago, IL,
United States).
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Fifty-seven patients underwent DPPHR from July 2013
to July 2014. Nine patients underwent DPPHR for low
malignant tumors and were excluded. Two patients
were excluded due to malignant lesions confirmed
after surgery. In total, 46 patients were included in this
study. The laparoscopic Frey procedure was performed
by one surgeon in nine patients with a mean age
of 50 years. These nine patients were not suitable
for endoscopic management during pre-surgery
assessment, eight due to stones in the distal part of
the pancreatic duct and one due to an inflammatory
lesion in the pancreatic head. The open Frey procedure
was performed by different surgeons in 37 patients
with a mean age of 45 years.
Of these 46 patients, 39 were male (85%) and
seven were female (16%). The etiology of CP was
alcohol in 32 patients (70%) and idiopathic in 14
patients (30%). Stones were found in 38 patients
(83%). An inflammatory mass was found in five
patients (11%). The time from diagnosis of CP to
the Frey procedure was 39 ± 19 (9-85) mo. BMI of
patients in the laparoscopic group was 20.4 ± 1.7
2
(17.8-22.4) kg/m and was 20.6 ± 2.9 (15.4-27.7) kg/
2
m in the open group. All patients required analgesic
medication due to abdominal pain. Frequent acute
pancreatitis or severe abdominal pain due to acute
exacerbation occurred in 20 patients (43%). Preoperative complications due to pancreatitis were
observed in 18 patients (39%). Pancreatic functional
insufficiency was observed in 14 patients (30%). The
mean pre-operative VAS in the laparoscopic patients
was 7.1 ± 0.8 (6-8) before surgery and was 1.1 ± 0.9
(0-2) at the 3 mo follow-up period. The demographics
and peri-operative characteristics of the patients are
listed in Tables 1 and 2.
Two patients were converted in the laparoscopic
group. Seven patients were treated successfully
with a mean operative time of 323 ± 29 (290-370)
min. Estimated intra-operative blood loss (EBL) was
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Table 1 Demographics and peri-operative characteristics of nine laparoscopic patients
Patient

Sex

Age (yr)

BMI
2
(kg/m )

1
2
3
4
5
6
7
8
9

Male
Male
Male
Male
Male
Male
Male
Male
Male
Amylase

54
44
60
52
56
46
42
56
36
WBC (× 109/L)

17.8
20.4
18.5
21.4
19.3
22.1
19.7
21.8
22.4
CRP

1
2
3
4
5
6
7
8
9

68
48
47
101
78
53
55
66
44

5.1
6.14
4.11
5.3
6.84
4.7
5.1
6.44
5.3

No
No
No
No
No
No
No
No
No

Etiology

ASA

Ⅱ
Alcohol
Ⅱ
Idiopathic
Ⅲ
Alcohol
Ⅲ
Alcohol
Ⅱ
Alcohol
Ⅱ
Alcohol
Ⅱ
Alcohol
Ⅲ
Idiopathic
Ⅱ
Idiopathic
IL-6
Pancreatic duct (mm)

No
No
No
No
No
No
No
No
No

8
5
10
8
9
8
9
11
9

VAS

Pancreatitis

M-ANNHEIM

M-ANNHEIM
score

6
7
7
8
7
6
8
8
7
Stones

No
No
No
Yes
No
No
No
No
No
Inflammatory
mass
No
Yes
No
No
No
No
No
No
No

IIb
Ib
IIb
Ib
IIb
Ib
Ib
IIb
Ib
History of CP
(mo)
62
42
85
32
76
47
56
80
32

9
7
14
10
14
9
9
14
9

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes

M-ANNHEIM: A classification system for chronic pancreatitis, Ib indicates recurrent or chronic abdominal pain without pancreatic insufficiency, IIb
indicates isolated exocrine (or endocrine) pancreatic insufficiency with pain; ASA: American Society of Anesthesiologists; VAS: Visual analogue score;
WBC: White blood cell; IL: Interleukin; CRP: C-reactive protein; CP: Chronic pancreatitis.

operative blood loss (Table 4) among the risk factors
listed in Table 2.

Table 2 Demographics and peri-operative characteristics of
37 open surgery patients
Male/Female
Age (yr)
Body mass index
Etiology
Alcohol
Idiopathic
Pancreatic stone
Pancreatic mass
Acute exacerbation
History of diagnosis of CP (mo)
Amylase elevated over 3 times
Complications due to pancreatitis
Pancreatic pseudocyst
Bile duct stenosis
PPH
Functional insufficiency
IGT/Diabetes mellitus
Malabsorption

30/7
45 ± 11 (27-70)
20.6 ± 2.9 (15.4-27.7)

DISCUSSION

26 (70)
11 (30)
30 (81)
4 (11)
19 (51)
34 ± 17 (9-85)
4 (11)
12 (32)
5 (14)
1 (3)
10 (27)
1 (3)

CP: Chronic pancreatitis; PPH: Postpancreatectomy hemorrhage; IGT:
Impaired glucose tolerance.

57 ± 14 (40-80) mL. Postoperative complications
occurred in one patient who had postpancreatectomy
hemorrhage (PPH) and recovered without treatment.
No mortality was observed in the laparoscopic group.
Postoperative hospital stay was 7 ± 2 (5-11) d (Table
3). Postoperative morbidity was 11% (4/37) in the
open group, No mortality was observed. EBL was
293 ± 247 (70-1100) mL. Multiple linear regression
analysis of the 37 open Frey procedures showed
that an inflammatory mass (P < 0.001) and acute
exacerbation (P < 0.001) were risk factors for intra-
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The mechanism of pain in CP remains unclear and is
[4,5]
debated . Several hypotheses have been proposed,
and it is thought that pain is probably the result of
a combination of these concepts. They comprise
intraductal and interstitial hypertension and neurogenic
[6,7]
and central sensitization theories
. It has been
shown than simple drainage procedures do not ensure
sufficient pain relief in patients with enlargement of
[8,9]
the pancreatic head . Therefore, resection of the
pancreatic head should be a central feature of any
surgical procedure. The Frey procedure improves the
overall pancreatic ductal drainage by decompressing
both the main and small ducts in the pancreatic
head. Moreover, most of the pancreatic head, which
is thought to be the “pacemaker” of pain, is removed
[10]
during this procedure . Randomized controlled trials
have demonstrated that PD is effective in controlling
CP symptoms. However, the high morbidity and
mortality associated with this procedure are considered
[11,12]
preventable in this benign disease
. The 15 year
long-term effectiveness of the Frey procedure was
comparable to pylorus-preserving PD and resulted in
permanent pain control. However, quality of life was
better after the Frey procedure with regard to physical
[13]
status . When comparing the Beger procedure
with the Frey procedure, the latter procedure was
associated with fewer complications and equivalent
pain relief, functional insufficiency, and quality of
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Table 3 Postoperative characteristics of nine laparoscopic Frey procedures
Patient

Converted

Operative time (min)

EBL (mL)

Complications

Mortality

LOS

EBL (3-mo)

No
Yes
No
No
No
No
No
No
No

370
290
310
330
350
300
310

50
60
50
70
50
40
80

No
No
PPH (grade A)
No
No
No
No

No
No
No
No
No
No
No

5
7
11
6
7
5
6

2
1
0
2
2
0
1

1
2
3
4
5
6
7
8
9

PPH: Postpancreatectomy hemorrhage; EBL: Estimated intra-operative blood loss.

Table 4 Results of multiple linear regression analysis of 37
open Frey procedures
Risk factors
Inflammatory mass
Acute exacerbation

Standard regression coefficient

P value

0.559
0.508

0.00
0.00

[10,14,15]

life

.
CP is a common inflammatory disease with
the principal symptom of chronic pain, which can
reduce quality of life and results in the inability to
work. A 5-fold increase in mortality in CP patients
was observed compared with a population without
[16]
CP . Despite improvements in conservative,
interventional, and surgical procedures, the treatment
[17]
of CP remains challenging . Medical treatment
is currently recommended first in order to avoid
surgery. Surgical intervention is the last resort when
other treatments have failed and the severity of the
disease has increased substantially such that pain
is unmanageable. At the end of the last century,
several studies demonstrated that early surgical
pancreatic drainage was beneficial for pain control and
[18-20]
preservation of function
. A multicenter randomized
controlled trial is now in progress by the Dutch
Pancreatitis Study Group to evaluate the benefits, risks,
and costs of early surgical intervention. Endoscopic
treatment is less invasive than surgical intervention
and is preferred by patients. Endoscopic therapy
aims to remove obstructions (strictures or stones)
in the main pancreatic duct. This approach requires
careful patient selection and detailed evaluation of the
pancreatic duct anatomy. In a retrospective analysis of
1000 patients treated with endoscopy, approximately
25% of patients underwent surgery for failure of pain
[21]
relief after therapy . Moreover, surgery has been
shown to be superior to endoscopic treatment in two
[3,22]
main randomized controlled trials
. However, some
unsuitable patients choose endoscopic treatment as
they are afraid of surgical intervention.
Laparoscopic surgery is now routinely performed
for many pancreatic diseases, with the exception of
[23-25]
CP
. We performed our first laparoscopic Frey
procedure for CP in 2013. To date, we have carefully
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selected nine patients for the laparoscopic Frey
procedure. Seven procedures were successful, while
two procedures were converted to open surgery.
Patient 2 was converted because we were unable
to find the pancreatic duct, although intra-operative
ultrasound identified segmental dilation of the main
pancreatic duct. The pancreatic duct is the mark of
depth for excavation during laparoscopy. Opening
the pancreatic duct longitudinally is an important
procedure for drainage during the Frey procedure.
The pancreatic parenchyma is very thick, and the
pancreatic duct is about 5 mm on pre-operative
computed tomography (CT). Thus, a pancreatic
duct width of over 8 mm was one of our criteria for
laparoscopic candidates on the basis of our own
experience. All patients met this criterion, and their
pancreatic ducts were easily found during laparoscopy.
Patient 4 was converted to the open procedure due to
severe inflammatory pancreatic parenchyma. Blood
oozed from the pancreas when the pancreatic head
parenchyma was excavated. It was difficult to staunch
the bleeding with electrocautery or suture during
laparoscopy. Therefore, we immediately converted to
the open procedure to avoid unmanageable bleeding
during excavation of the pancreatic head.
The laparoscopic Frey procedure requires careful
patient selection. The degree of pancreatic inflammation,
which can lead to unmanageable bleeding, is the key
factor in the success of this procedure. However, it is
very difficult to judge how severe the inflammation is
before surgery. We found that indicators of systemic
inflammation, such as white blood cells, IL-6, and CRP
in blood samples, were not sensitive for pancreatic
inflammation. Patient 4 had a history of acute pancreatitis
with two episodes per year in recent years. The last
episode occurred 6 mo before surgery. We selected
this patient for the laparoscopic Frey procedure
because the level of amylase was normal and no sign
of acute inflammation was seen on the CT image.
Unfortunately, the patient was converted to the open
procedure due to severe peri-pancreatic inflammation.
In order to identify risk factors for uncontrolled
intra-operative bleeding, we obtained peri-operative
data of 37 patients during the open Frey procedure.
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Pre-operative factors, including age, BMI, gender,
etiology, pancreatic stones, pancreatic mass, history
of CP, amylase level, complications due to acute
pancreatitis, and functional insufficiency, were
evaluated in a multiple linear regression analysis. The
results of multiple linear regression analysis showed
that a pancreatic inflammatory mass and pre-operative
acute exacerbation were related to the volume of intraoperative blood loss. These two factors usually indicate
severe inflammation in the pancreatic head. These
results were comparable to the findings during nine
laparoscopic procedures. Although complications due
to acute pancreatitis were not risk factors in our study,
they were difficult to manage under laparoscopy.
Thus, we chose the open procedure for patients with
complications due to acute pancreatitis.
As laboratory examination can not indicate the
degree of peri-pancreatic inflammation, CT imaging
may be more suitable. In our successful cases, we
found that fibrosis and calcification, which were easily
observed on CT images, usually meant manageable
bleeding during pancreatic excavation. This also
indicated a low incidence of pancreatic fistula after
surgery. According to a published report, the majority
of pancreatic calcifications (56%) resulted in relapsing
[26]
pain episodes .
The extent of excavation of pancreatic head
parenchyma is questionable. The original Frey
procedure involved coring out the anterior and
posterior parenchyma of the main pancreatic duct
in the pancreatic head and resecting as much of the
parenchyma as possible, leaving only the posterior
capsule of the head. We found this difficult to achieve
during laparoscopy. The depth of parenchyma lacks an
anatomic landmark. Injury to the common bile duct or
portal vein frequently occurred during the original Frey
[27]
procedure . This is riskier during laparoscopy, as the
main pancreatic duct is the only anatomic landmark
during laparoscopy. Therefore, it is very important to
open the main pancreatic duct during laparoscopy.
In order to avoid injury to the common bile duct,
we preserved parenchyma 0.5 cm wide close to the
duodenum. We preserved parenchyma posterior to the
main duct in the pancreatic head as much as possible
to prevent injury to the superior mesenteric vein.
The anatomic landmark for the depth of parenchyma
excavated is the posterior wall of the Wirsung duct,
[27]
similar to the modified Frey procedure . It is difficult
to find the posterior wall of the Wirsung duct during
laparoscopy. It is advisable to find the section of the
pancreatic parenchyma near the duodenum that
looks like a dilated orifice. However, it is usually very
difficult to do that even during open surgery, especially
in patients with an enlarged pancreatic head. If it
cannot be found, the depth for excavation should
exceed the Santorini duct. Although our extent of
resection is smaller than the ordinary Frey procedure,
the VAS score decreased quickly. All seven patients
showed significantly lower VAS score at 3 mo after

WJG|www.wjgnet.com

[28]

surgery compared with before surgery. Sakata et al
advocated a “minimum Frey procedure” with limited
resection of the anterior part of the pancreas head
with a longitudinal pancreaticojejunostomy. These
authors compared the effectiveness of the minimum
Frey procedure with the original Frey procedure in
terms of pain relief and preservation of endocrine and
exocrine function. In the present study, the VAS score
in laparoscopic patients decreased significantly at the
3 mo follow-up period. However, our reduced extent of
excavation may not be suitable for candidates with an
inflammatory mass in the pancreas head.
In the multiple linear regression analysis of 37
open Frey procedures, an inflammatory mass was a
risk factor for intra-operative blood loss. The extent
of excavation of the pancreatic head described
above may not be enough for candidates with an
inflammatory mass in the pancreatic head. Taking into
consideration the two risk factors for massive bleeding
and insufficient excavation, we think candidates with
an inflammatory mass should undergo the open
procedure.
Taking into account the outcomes of nine lapa
roscopic cases and the results of multiple linear
regression analysis of 37 open cases, we suggest that
the laparoscopic Frey procedure may only be suitable
for patients with an obvious dilated pancreatic duct, an
enlarged pancreatic head on CT, and an absence of an
inflammatory mass, exacerbation, and complications
due to pancreatitis.
In conclusion, the laparoscopic Frey procedure is
feasible, but suitable only in carefully selected patients.
It may only be suitable for patients with an obvious
dilated pancreatic duct and enlarged pancreatic head
on CT. If acute exacerbation, inflammatory mass, or
complications due to pancreatitis exist before surgery,
the laparoscopic procedure should not be considered.

COMMENTS
COMMMENT
Background

Chronic pancreatitis (CP) is a benign inflammatory disease, characterized by
the progressive conversion of pancreatic parenchyma to fibrous tissue. Patients
with CP can have pain that reduces the quality of life. Surgical intervention is
the last resort when other treatments have failed, the severity of disease has
increased substantially, and pain is unmanageable. Here, the authors reported
their experience regarding the laparoscopic Frey procedure for CP.

Research frontiers

Laparoscopic surgery is now routinely performed for many pancreatic diseases,
with the exception of CP. There are few published studies on the use of this
procedure for CP. Here, we summarize the outcome of nine cases using this
procedure, discuss why this laparoscopic procedure is difficult in patients with
CP, and how to select the right candidates.

Innovations and breakthroughs

The management of CP is challenging, and most patients remain symptomatic
despite medical therapy. The endoscopic approach requires careful patient
selection and detailed evaluation of the pancreatic duct anatomy. As one of
the surgical therapies used for CP, the Frey procedure can provide permanent
pain control. Laparoscopic surgery is now routinely performed for many
pancreatic diseases, with the exception of CP. However, the laparoscopic
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Frey procedure is rarely reported. The authors reported nine patients who
underwent the laparoscopic Frey procedure, including seven successful cases,
and highlighted the surgical process and the key points. According to their
experience, conversion to the open procedure was usually due to severe peripancreatic inflammation, which could lead to uncontrolled bleeding during
laparoscopy, or undetectable pancreatic duct. An inflammatory mass on CT
and acute exacerbation were pre-operative risk factors for intra-operative blood
loss. These findings were helpful in the pre-operative selection of candidates
for laparoscopy.

10

11

Applications

This study shows that the laparoscopic Frey procedure is feasible, but only
suitable for carefully selected patients. It may only be suitable for patients with
an obvious dilated pancreatic duct and enlarged pancreatic head on CT. If
acute exacerbation, inflammatory mass, or complications due to pancreatitis
exist before surgery, the laparoscopic procedure should not be considered.

12

Terminology

The Frey procedure was first described in 1987 by Frey et al and combines
partial resection of the head of the pancreas (resection) with lateral pancreaticojejunostomy (drainage). The rationale for this hybrid procedure is that it
improves the overall pancreatic ductal drainage by decompressing both the
duct of Santorini and ducts in the uncinate process.

13

Peer-review

The true interest of this original paper is the scarce number of laparoscopic Frey
procedures, with their difficulties and complications, reported in the literature.
However, the short follow-up of the postsurgical evolution of patients makes
it difficult to compare the evolution of the patient’s pain after the laparoscopic
approach compared with the standard Frey open procedure or with the results
published in the literature.
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Retrospective Study

Xanthogranulomatous cholecystitis mimicking gallbladder
carcinoma: An analysis of 42 cases
Yi-Lei Deng, Nan-Sheng Cheng, Shui-Jun Zhang, Wen-Jie Ma, Anuj Shrestha, Fu-Yu Li, Fei-Long Xu,
Long-Shuan Zhao
Yi-Lei Deng, Shui-Jun Zhang, Fei-Long Xu, Long-Shuan
Zhao, Department of Hepatopancreatobiliary Surgery, The First
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METHODS: From July 2008 to June 2014, a total
of 142 cases of pathologically diagnosed XGC were
reviewed at our hospital, among which 42 were
misdiagnosed as gallbladder carcinoma (GBC) based
on preoperative radiographs and/or intra-operative
findings. The clinical characteristics, preoperative
imaging, intra-operative findings, frozen section (FS)
analysis and surgical procedure data of these patients
were collected and analyzed.
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AIM: To review and evaluate the diagnostic dilemma of
xanthogranulomatous cholecystitis (XGC) clinically.

RESULTS: The most common clinical syndrome in
these 42 patients was chronic cholecystitis, followed
by acute cholecystitis. Seven (17%) cases presented
with mild jaundice without choledocholithiasis. Thirtyfive (83%) cases presented with heterogeneous
enhancement within thickened gallbladder walls on
imaging, and 29 (69%) cases presented with abnormal
enhancement in hepatic parenchyma neighboring
the gallbladder, which indicated hepatic infiltration.
Intra-operatively, adhesions to adjacent organs were
observed in 40 (95.2%) cases, including the duodenum,
colon and stomach. Thirty cases underwent FS analysis
and the remainder did not. The accuracy rate of FS
was 93%, and that of surgeon’s macroscopic diagnosis
was 50%. Six cases were misidentified as GBC by
surgeon’s macroscopic examination and underwent
aggressive surgical treatment. No statistical difference
was encountered in the incidence of postoperative
complications between total cholecystectomy and
subtotal cholecystectomy groups (21% vs 20%, P >
0.05).
CONCLUSION: Neither clinical manifestations and
laboratory tests nor radiological methods provide a
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practical and effective standard in the differential
diagnosis between XGC and GBC.

as GBC to review and evaluate the diagnostic dilemma
of XGC clinically.

Key words: Xanthogranulomatous cholecystitis; Gallbladder
carcinoma; Frozen-section analysis; Cholecystectomy

MATERIALS AND METHODS

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

Core tip: Xanthogranulomatous cholecystitis (XGC) is a
destructive inflammatory disease of the gallbladder that
could mimic gallbladder carcinoma (GBC) in various
ways. The aim of this study was to review and evaluate
the diagnostic dilemma of XGC clinically. We concluded
that neither clinical manifestations and laboratory
tests nor radiological methods provide a practical and
effective standard in the differential diagnosis between
XGC and GBC. For XGC with suspected GBC, intraoperative frozen section analysis should be performed,
and the benign diagnosis indicates that a simple
cholecystectomy is appropriate. However, the final
diagnosis still depends on the pathology.
Deng YL, Cheng NS, Zhang SJ, Ma WJ, Shrestha A, Li FY, Xu
FL, Zhao LS. Xanthogranulomatous cholecystitis mimicking
gallbladder carcinoma: An analysis of 42 cases. World J
Gastroenterol 2015; 21(44): 12653-12659 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i44/12653.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i44.12653

INTRODUCTION
Xanthogranulomatous cholecystitis (XGC) is a
rare variant of chronic cholecystitis characterized
by severe proliferative fibrosis with infiltration of
macrophages and foamy cells within the gallbladder
wall. This condition is benign in nature but often
[1,2]
shows a destructive inflammatory process . The
inflammatory infiltration and fibrosis cause the
asymmetrical thickening of the gallbladder wall and the
formation of multiple yellowish-brown nodules, which
often extend into the neighboring organs, such as the
[1,2]
liver, omentum and duodenum .
Due to the overlapping features between the
two diseases, XGC is frequently misdiagnosed as
gallbladder carcinoma (GBC) and usually undergoes
[3,4]
an extended radical surgery
. Sometimes XGC
[5]
might have a coexistent GBC . Accurate diagnosis
is important for the proper surgical management of
these patients. To our knowledge, several non-invasive
imaging and invasive techniques have been reported to
[6-10]
differentiate XGC from GBC
, but the dilemma still
exists concerning the differential diagnosis in clinical
practice, and the final diagnosis has to be dependent
on the histological examination. In the present
retrospective study, we analyzed the clinical, radiologic
and surgical features of 42 cases of XGC misdiagnosed
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From July 2008 to June 2014, a total of 142 cases with
a pathological diagnosis of XGC were reviewed at our
hospital, among which 42 (24 men and 18 women;
male-to-female ratio, 4:3; mean age 59.9 years, age
range 38-86 years) were misdiagnosed as GBC mainly
by the presence of the focal or diffuse thickening of
the gallbladder wall, and/or the mass protruding into
the lumen based on preoperative radiographs, and/or
intra-operative findings. Thirty-eight cases underwent
contrast enhanced abdominal computed tomography
(CT), and 4 cases underwent magnetic resonance
imaging (MRI). The clinical characteristics, preoperative
imaging, intra-operative findings, frozen section (FS)
analysis, surgical procedures and histological features
of these patients were collected and analyzed.
For each patient, intra-operative findings including
inflammation of the gallbladder (atrophy, edema or
gangrene), adhesions of the gallbladder to adjacent
tissues, thickened gallbladder wall, gallstones, mass
lesions, gallbladder internal fistula, enlarged regional
lymph nodes and hepatic abscess were observed
and recorded. And then, the excised gallbladder was
opened along its longitudinal axis and the mucosa
was examined macroscopically. If malignancy was
suspected, suspicious areas would be labeled by the
silk suture and sent for an FS analysis. Briefly, frozen
sections of 6-μm thickness were cut using automated
devices (Shandon Citadel 2000, Astmoor, United
Kingdom). Subsequently, sections were stained with
hematoxylin and eosin (HE), and the diagnosis was
made by experienced pathologists. Simultaneously the
direct contact between surgeons and pathologists was
also established.
The gallbladder wall thickness of 1-2 mm was
considered as normal, and a wall thickness of 3 mm or
more on the imaging or intra-operative findings was
considered thickened. GBCs were classified according
to the TNM system as proposed by the American
Joint Committee on Cancer. The study protocol was
approved by the ethics committee review board of
Sichuan University.

Statistical analysis

Data were analyzed using the SPSS v13.0 software
package (SPSS, Chicago, IL, United States). Statistical
comparisons between groups were performed using
the Fisher’s exact test. The least significant difference
test was performed to compare two groups. A P-value
< 0.05 indicated statistical significance.

RESULTS
The clinical presentations are summarized in Table
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Table 2 Abdominal computed tomography or magnetic
resonance imaging findings n (%)

Table 1 The clinical presentations n (%)
Variable

No. of patients

Presenting signs and symptoms
Pain
Chronic RUQ pain
Acute RUQ pain, Murphy’s sign (+)
Abdominal distention
Anorexia
Jaundice
High grade fever (> 38  ℃)
Nausea and vomiting
RUQ mass
Laboratory findings
Elevated WBC count
Elevated blood bilirubin level
Mild
Moderate
Severe
Increased CA199 (> 22 U/mL)
Increased CEA (> 4.0 ng/mL)

Finding

11 (26)
9 (21)
9 (21)
0
0
32 (76)
6 (14)

RUQ: Right upper quadrant; WBC: White blood cell; CEA: Carcinoembryonic
antigen.

1. The most common syndrome in these 42 patients
was chronic cholecystitis, and patients with this
clinical syndrome had chronic right upper quadrant
(RUQ) pain (61%), abdominal distention (48%), and
anorexia (45%). The second most common syndrome
was acute cholecystitis, and these patients presented
with acute RUQ pain (28%), high grade fever (14%),
elevated WBC count (26%), nausea and vomiting
(12%). Approximately 21% of the patients presented
with mild jaundice, but only two patients were
associated with choledocholithiasis. The RUQ mass
was palpable in two (5%) patients. Increased CA199
level was observed in 32 (76%) patients and increased
carcinoembryonic antigen (CEA) level was found only
in 6 (14%) patients.
CT or MRI findings in 42 patients are summarized
in Table 2. Only 4 (9%) of 42 patients underwent MRI,
and studies suggest that the morphological appearance
of the GBC in MRI was similar to that obtained
[11]
by CT , so it seemed to be more appropriate to
integrate the characteristic MRI findings with CT
findings. The presence of a thickened gallbladder wall
was noted in all 42 patients, with 64% of the patients
having a diffuse thickening. It could also be seen that
the majority (83%) of the thickened gallbladder walls
showed a heterogeneous enhancement at the luminal
surface. Furthermore, 26% of the markedly thickened
gallbladder walls were associated with intramural hypoattenuated nodules. Gallstones were detected in 22
(52%) patients, including two combined common bile
duct (CBD) stones. Blurred liver/gallbladder interface
was observed in 37 (88%) patients, 29 of whom
presented with an abnormal enhancement in the
hepatic parenchyma neighboring the gallbladder, which
indicated hepatic infiltration. In addition, the infiltration
of other adjacent structures could also be noted in
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No. of patients

Gallstones
Thickened gallbladder wall (> 3 mm)
Diffuse
Focal
Gallbladder distention with pericholecystic fluid
Heterogeneous enhancement of the gallbladder
wall
Intramural hypo-attenuated nodules
Pericholecystic infiltration
Blurred liver/gallbladder interface
Abnormal enhancement in hepatic parenchyma
neighboring the gallbladder
Infiltration of other adjacent structures
Regional lymph node enlargement

38 (90)
26 (61)
12 (28)
20 (48)
19 (45)
9 (21)
6 (14)
5 (12)
2 (5)

22 (52)
42 (100)
27 (64)
15 (36)
12 (29)
35 (83)
11 (26)
37 (88)
29 (69)
16 (38)
11 (26)

38% of the patients, including the omentum, colon,
duodenum, and the antrum of the stomach. Enlarged
lymph nodes were noted in 11 (26%) patients.
Open surgery was planned and performed in all
42 patients. Intra-operative findings confirmed the
presence of a thickened gallbladder wall in all patients,
and adhesions to the adjacent organs were seen in 40
(95.2%) patients (adhesions to the omentum in 32,
the duodenum in 16, the colon in 12, and the stomach
in 8). Eleven (26%) patients had the obscure Calot’
s triangle anatomy. Twenty patients presented with
acute cholecystitis including gallbladder wall edema (n
= 15) and gangrenous cholecystitis (n = 5). Gallstones
were observed in 23 (55%) patients, including two
cases of combined CBD stones. Mass lesions were
found in 12 (29%) patients. Other intra-operative
findings are shown in Table 3.
The surgical procedures for the 42 XGC cases are
shown in Figure 1. Intra-operative FS analysis was
performed in 30 patients, revealing 28 benign and
2 malignant gallbladder lesions. Among 28 benign
lesions, total cholecystectomy (TC) was performed
on 14 patients and subtotal cholecystectomy (SC) on
10 patients. For two GBCs, only an external biliary
drainage was carried out. Twelve cases of XGC did not
undergo intra-operative FS analysis, whereas 6 “GBCs”
were diagnosed by surgeon’s macroscopic examination
during surgery, and thereafter 4 patients received
“radical resection of GBC”, with 2 patients receiving
an external biliary drainage. Another 6 patients were
considered to be suffering from benign gallbladder
disease by surgeon, including a combined CBD stone,
hepatic abscess and Mirizzi’s syndrome. Ultimately,
specimens from all the 42 patients were examined
pathologically after operation. Of the 14 patients who
underwent TC, only 2 were definitively diagnosed with
coexisting early GBC (T1a).
Of the 42 XGC cases reviewed, 12 patients
underwent TC. SC was carried out only in 10 patients,
leaving a part of the posterior wall adherent to the
hepatic bed, or a part of the hartmann sac or the
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Table 3 Intra-operative findings n (%)
Feature

No. of patients

Thickened gallbladder wall
Adhesions
Omentum
Duodena
Colon
Stomach
Obscure Calot’s triangle anatomy
Gallbladder wall edema
Gangrenous cholecystitis
Gallstones
Combined CBD stones
Mass lesions
Enlarged regional lymph nodes
Gallbladder internal fistula
Mirizzi’s syndrome
Cholecystoduodenal fistula
Gallbladder-transverse colon fistula
Hepatic abscess

42 (100)
40 (95)
32 (76)
16 (38)
12 (29)
8 (19)
11 (26)
15 (36)
5 (12)
23 (55)
2 (5)
12 (29)
11 (26)
8 (19)
4 (10)
2 (5)
2 (5)
3 (7)

CBD: Common bile duct.

gallbladder neck, due to obscure Calot’s triangle
anatomy and/or gangrenous cholecystitis with severe
fibrotic adhesions and/or the high risk gallbladder bed
in cirrhotic patients. Postoperative complications are
summarized in Table 4. Comparison between the two
groups showed no statistical difference in the incidence
rates of complications (21% vs 20%, P > 0.05).
However, there was one case of common bile duct
injury which underwent a primary repair and “T-tube”
drainage, and one case of duodenal injury repaired
by omental patch and suture repair for the TC group,
while there was no serious complication observed in
the SC group. No deaths occurred in either group.

DISCUSSION
The pathogenesis of XGC is not fully understood till
now. The presence of gallstones and biliary obstruction
might play an important role, which causes the
extravasation of the bile into the gallbladder wall via
ruptured Rokitansky-Aschoff sinuses and/or ulcers
[1,2]
of the surface mucosa . Clinically, XGC not only
often imitates GBC in various ways leading to the
misdiagnosis of GBC, but it could also coexist with
[3-10]
GBC
. In our study, 42 (29.6%) out of 142 cases of
XGC were misdiagnosed as GBC either preoperatively
or intra-operatively, but only 4 (9.5%) cases were
corroborated by pathology, indicating a high rate of
misdiagnosis. Only 4 (2.8%) of 142 XGC cases had the
coexisting GBC.
Of these 42 XGC cases misdiagnosed as GBC, no
specific symptoms were observed. These symptoms
could be grouped roughly into three clinical syndromes.
The first and most common syndrome was chronic
cholecystitis, followed by acute cholecystitis. The third
syndrome was a biliary-tract disease which mainly
included jaundice, RUQ pain, and high grade fever.
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These vague and nonspecific symptoms are just
[11]
similar to those of GBC , and usually not helpful in
the differentiation of these two conditions. Of all the
cases of XGC, 9 presented with mild jaundice in our
study, which indicated that mild jaundice may be of
important significance in differentiating XGC from GBC
with moderate or severe jaundice. Increased presence
of tumor markers such as CEA and CA 199 should
raise suspicions of GBC. Some studies showed that
the increased CA199 level (> 20 U/mL) had a 79.4%
sensitivity and a 79.2% specificity, and the increased
CEA level (> 4.0 ng/mL) had a 93% specificity, but
[11,12]
only a 50% sensitivity
. However, the increased
CA199 and CEA levels (76% and 14%, respectively)
were also present in 42 XGC cases, which proved to be
futile and of no clinical significance in the differential
diagnosis of XGC from GBC.
Radiology was the only helpful modality to make a
differential diagnosis between XGC and GBC. Several
imaging studies have shown relative specificities in
some CT or MRI features for the diagnosis of XGC,
mainly including intramural hypo-attenuated nodules
within the thickened walls, homogeneous enhance
ment of the mucosa, and absence of macroscopic
[6-10]
hepatic invasion
. Combination of certain imaging
findings could even provide excellent accuracy for
[7,8]
the differentiation of both the conditions . Despite
the radiographic progressions in the XGC diagnosis,
29.6% of XGC cases were misdiagnosed as GBC by
radiologists in our study. By analyzing imaging features
of these 42 cases, the intramural hypo-attenuated
nodule within the thickened wall was observed only
in 26% of the cases, but abnormal enhancement in
hepatic parenchyma neighboring the gallbladder was
observed in 69% of cases, which indicated hepatic
invasion. The infiltration of other adjacent structures
and enlarged lymph nodes were also noted in several
cases. These above imaging features were highly
suggestive of GBC rather than XGC. Except for the
concomitant liver metastases, there was too much
overlap of the imaging findings between XGC and
GBC to reliably differentiate between two entities.
Furthermore, the rarity of XGC and the possibility of
the coexisting GBC also contributed to the difficulty
of the differential diagnosis. Therefore, pathological
examination was necessary for the definitive diagnosis
especially to rule out GBC.
Previously, needle biopsy guided by US or CT has
been reported to be performed safely and accurately in
[13]
differentiating XGC from GBC . But this practice was
solely dependent on both the operator’s experience
in obtaining the samples and a high quality pathology
service. During surgery, if GBC could not be excluded,
intra-operative FS analysis is worth recommending
regardless of the possibilities of false-negative results.
In our study, 30 gallbladder specimens were sent
for an intra-operative FS analysis, showing GBC in 2
patients (the diagnosis was confirmed by pathology),
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Postoperative pathological
examination revealed two
early GBCs (2T1a)

TC
(n = 14)
SC
(n = 10)
Benign
(n = 28)

Cholecystectomy, cholecystoduodenal fistula
underwent neoplasty of the fistula
(n = 2)

IFS
(n = 30)

42 XGCs misdiagnosed as
GBC

Cholecystectomy, gallbladder transverse colonic
fistula underwent colocolic anastomosis after a
partial resection of the transverse colon (n = 2)

Cholecystectomy, biliary stenting,
external biliary drainage (n = 2)

Malignant
(n = 2)

Radical resection of GBC
(n = 4)

Malignant
(n = 6)

Gross assessment
(No IFS, n = 12)

Cholecystectomy, external biliary drainage
(n = 2)
CBD stones, hepatic
abscess (n = 2)

Benign
(n = 6)

Mirizzi’s syndrome,
hepatic abscess (n = 1)
Mirizzi’s syndrome
(n = 3)

Cholecystectomy, biliary tract exploration, "T"
drainage, abscess incision drainage (n = 3)

Cholecystectomy, closure of fistula with
gallbladder wall patch, "T" drainage (n = 3)

Figure 1 The surgical procedures for the 42 cases of xanthogranulomatous cholecystitis. XGC: Xanthogranulomatous cholecystitis; GBC: Gallbladder
carcinoma; IFS: Intra-operative frozen section analysis; TC: Total cholecystectomy; SC: Subtotal cholecystectomy; CBD: Common bile duct.

Table 4 Comparison of complications for total and subtotal cholecystectomy n (%)
Complication
Surgical site infection
Retained stone
Bile duct injury
Duodenal injury
Controlled bile leakage
Biliperitoneum
Hemoperitoneum
Mortality
Morbidity

TC (n = 14)

SC (n = 10)

P value

Significance

1 (7)
0
1 (7)
1 (7)
0
0
0
0
3 (21)

1 (10)
1 (10)
0
0
0
0
0
0
2 (20)

1.000
0.417
1.000
1.000
1.000

NS
NS
NS
NS
NS
NS
NS
NS
NS

TC: Total cholecystectomy; SC: Subtotal cholecystectomy; NS: No significance.

and inflammatory lesions in 28 (but 2 of 28 patients
had pathologically confirmed T1a GBC). The diagnostic
accuracy of FS analysis was calculated to be around
93% (Table 5). The remaining 12 XGC cases did not
undergo intra-operative FS analysis, and 6 of them
were identified as GBC and the other 6 cases as benign
lesions only by surgeon’s macroscopic examination.
However, 6 “GBCs” were not further confirmed by
the final pathologic examination, showing that the
accuracy of surgeon’s macroscopic diagnosis of
GBC in XGC was only 50% (Table 6). Although 2
patients had early GBCs (T1a) missed on FS analysis
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(underwent cholecystectomy alone), all 30 patients
still received the appropriate surgical treatment on
the basis of FS analysis results rather than pathologic
[11,14]
examination
. However, 6 “GBCs” misdiagnosed
by surgeons underwent aggressive surgical treatment,
which may have been avoided if intra-operative FS
analysis was also conducted.
Generally, a simple cholecystectomy is enough for
[1,2,15]
XGC
. Sometimes, a complete resection of the
gallbladder was not always judicious especially due to
the obscure Calot’s triangle anatomy and/or high risk
gallbladder bed in cirrhotic patients. SC was a practical
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Table 5 Diagnostic accuracy of frozen section analysis in 42
cases of xanthogranulomatous cholecystitis misdiagnosed as
gallbladder carcinoma

Table 6 Accuracy of surgeon’s macroscopic diagnosis of
gallbladder carcinoma in 42 cases of xanthogranulomatous
cholecystitis

Frozen section diagnosis

Surgeon’s macroscopic diagnosis

Cancer
Benign
Total

Definitive pathological diagnosis
Cancer

Benign

Total

2
2
4

0
26
26

2
28
30

Total

6
6
12

6
6
12

Sensitivity: 0; Specificity: 50%; Accuracy: 50%.

A

C

CDS

CBD

Figure 2 A 50-year-old woman with xanthogranulomatous cholecystitis
misdiagnosed as gallbladder carcinoma based on computed tomography
findings. A: Contrast-enhanced computed tomography shows the diffuse
gallbladder wall thickening with intramural hypo-attenuated nodules (arrows)
and heterogeneous enhancement in hepatic parenchyma neighboring
gallbladder, indicating gallbladder carcinoma with direct liver invasion; B:
Macroscopic examination of gallbladder specimen revealed multiple yellow
nodules and bands in the wall (arrows). The gallbladder was sent for intraoperative frozen section (FS) analysis and demonstrated inflammatory lesions;
C: Based on the FS diagnosis, a simple cholecystectomy was performed.
Note that no macroscopic hepatic invasion was found (arrows). Ultimately,
xanthogranulomatous cholecystitis was diagnosed by the pathological
examination. CDS: Cystic duct stump; CBD: Common bile duct.

alternative to TC, leaving part of the hartmann
sac, gallbladder neck, and part of the posterior wall
[16]
adherent to the hepatic bed . Table 4 shows that no
statistical difference was encountered in the incidence
of postoperative complications between the TC and SC
groups, although two serious complications (common
bile duct injury and duodenal injury) occurred in
the TC group. SC should be a part of a surgeon’
s armamentarium in complicated XGC. However,
coexisting GBC should be ruled out before SC was
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Benign

0
0
0

Cancer
Benign
Total

Sensitivity: 50%; Specificity: 100%; Accuracy: 93%.

B

Definitive pathological diagnosis
Cancer

performed in XGC. No association with the GBC could
be established in our 42 XGC cases. Therefore, an
intra-operative FS analysis should be obtained in
patients with suspected GBC, and the benign diagnosis
indicates a more conservative surgical approach (Figure
2). However, we should always remember that a
simple cholecystectomy, either TC or SC, could result
in denying a patient the optimal surgical approach
due to the existence of a false-negative result in FS
analysis. If FS diagnosis was not confirmed by the
final pathological examination, re-operation may be
inevitable according to the oncologic point of view.
In conclusion, there was a significant overlap in
various ways in clinical practice between XGC and
GBC. Neither clinical manifestations, nor laboratory
tests or radiological methods could provide an effective
and practical standard in characterizing the differential
diagnosis, and the occasional coexistence of two
entities further resulted in a diagnostic confusion.
The definitive diagnosis by all standards will still be
dependent on the pathology. For XGC with suspected
GBC, intra-operative FS analysis had a diagnostic
accuracy of 93%, and the benign diagnosis indicated
that a simple cholecystectomy was enough, i.e., either
TC or SC. Nevertheless, the benign diagnosis must be
confirmed by a pathological examination, or else reoperation may be inevitable according to the oncologic
point of view.
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Abstract
AIM: To analyze therapeutic changes in Crohn’s disease
(CD) patients following video capsule endoscopy (VCE)
and to assess the usefulness of Lewis score and the
Patency Capsule.
METHODS: Patency Capsule was performed in every
patient that had indication for VCE, and those with
negative patency did not undergo VCE. Patients with
established CD that underwent VCE between January
2011 and February 2014 were selected for this study;
those with suspected CD were excluded, independent
of VCE results, since our purpose was to address
differences in therapeutic regimen in CD patients before
and after VCE. Patients with inconclusive VCE were
also excluded. Patients had to be free of non-steroidal
anti-inflammatories for at least 1 mo. Those patients
who met these criteria were allocated into one of three
groups: Staging group (asymptomatic CD patients
that underwent VCE for staging of CD), Flare group
(patients with active CD), or Post-op group (CD patients
evaluated for post-operative recurrence). Lewis score
was calculated for every VCE procedure. Statistical
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analysis was performed to address the impact of VCE
findings on the therapeutic management of CD patients
and to evaluate the utility of the Lewis score.
RESULTS: From a total of 542 VCEs, 135 were
performed in patients with CD. Patency capsule excluded
nearly 25% of the patients who were supposed to
undergo VCE. No videocapsule retention during VCE
was reported. From these 135 patients, 29 were
excluded because CD diagnosis was not established at
the time of VCE. Therefore, a total of 106 patients were
included in the final analysis. From these, the majority
were in the Staging group (n = 73, 69%), and the
remaining were in the Flare (n = 23, 22%) or Post-op (n
= 10, 9%) group. Median time between diagnosis and
VCE was 5.5 years. Overall, VCE determined changes in
the treatment of 40% of patients: only 21% remained
free of immunosuppressors after VCE compared to 44%
before VCE (p < 0.001). The differences in therapy
before and after VCE achieved statistical significance
in the Staging and Flare groups. In addition, patients
were significantly different when stratified regarding
time since diagnosis to the date of VCE. A higher Lewis
score was associated with therapeutic modifications (p
< 0.0001); where a score higher than 1354 was related
to 90% probability of changing therapy [area under the
receiver operative characteristic (AUROC) 0.80 (95%CI:
0.69-0.88)].
CONCLUSION: VCE significantly changed the thera
peutic management of CD patients, even in those with
long-term disease. Systematic use of Patency capsule
allowed for no videocapsule retention.
Key words: Capsule enteroscopy; Crohn’s disease;
Treatment modification; Patency capsule; Lewis score
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our work analyzed the therapeutic mana
gement of patients with Crohn’s disease (CD) and
concluded that a very significant proportion of patients
modify their therapeutic regimens after performing
video capsule endoscopy (VCE), even in those with
long-term disease or those without symptoms. This
finding highlights the importance of this procedure
in the management of CD. The systematic use of
Patency capsule is controversial; however, we showed
in our study that after excluding patients with negative
patency, who did not undergo VCE, none of the patients
had video capsule retention during VCE, highlighting
the importance of Patency capsule in this setting.
Santos-Antunes J, Cardoso H, Lopes S, Marques M, Nunes ACR,
Macedo G. Capsule enteroscopy is useful for the therapeutic
management of Crohn’s disease. World J Gastroenterol 2015;
21(44): 12660-12666 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i44/12660.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i44.12660
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disease
associated with mucosal and transmural inflammation
of the bowel wall, and its diagnosis relies on the
combination of clinical, endoscopic, radiologic and
histopathological features.
Regarding endoscopic assessment, ileocolonoscopy
is the first procedure for the establishment of
the diagnosis. However, evaluation of the entire
small bowel is mandatory, since it can change the
[1]
therapeutic approach used and overall prognosis .
[1]
In this setting, international guidelines regard
cross-sectional studies, such as entero-computed
tomography (CT) scan or magnetic resonance imaging
(MRI), as first line tools, since they can evaluate extraluminal features and characterize intra-abdominal
adverse events related to CD, such as abscesses or
fistulas. Video capsule endoscopy (VCE) is considered
a second-line tool in those CD patients with atypical
[1]
symptoms, in which imaging was negative .
Nevertheless, VCE is often used as a first-line study
[2,3]
in the suspicion of CD, after ileocolonoscopy . Its
efficacy in detecting lesions in the upper small bowel
seems higher than entero-CT or MRI, with similar
[4-6]
accuracy for distal lesions .
Since the role of VCE in established CD is not
completely defined, namely whether VCE is useful for
treatment guidance, a few studies tried to evaluate
its impact on determining treatment guidance and
analyzing the therapeutic changes attributed to
[7-11]
VCE
. However, some of these previous studies
included a very low number of patients or had very
short disease duration at the time of VCE, thereby
compromising the interpretation of the results.
Evaluation of possible changes in management
includes searching for changes in inflammatory bowel
disease (IBD) specific modification strategies, further
radiologic or endoscopic studies, or even surgical
interventions.
In this study, our main goal was to analyze the
changes in the therapeutic regimen of patients with
long-term CD after undergoing VCE. Additionally,
we studied the impact of Lewis score in this setting
and the number of videocapsule retentions with the
systematic use of Patency capsule.

MATERIALS AND METHODS
All patients with established CD that underwent VCE
since January 2011 to February 2014 were included
in the study. Patients were assigned to one of three
groups. The first group (Staging group) included
patients with clinical remission who underwent VCE to
assess disease extent or small bowel re-evaluation.
The second group (Flare group) included patients
who were undergoing re-evaluation because of a flare
and had clinical deterioration or raised inflammatory
markers. The third group (Post-op group) included
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Table 1 Baseline characteristics of the patients included in
the study n (%)
Population characteristics (n = 106)
Male gender
Age - mean
Median time between diagnosis and VCE
Montreal classification
Age at diagnosis
A1: Below 17
A2: 17-40
A3: Above 40
Behavior
B1: Non-stenosing/non-penetrating
B2: Stenosing
B3: Penetrating
Location
L1: Terminal ileum
L2: Colonic
L3: Ileocolonic
+ L4: Upper disease
Treatment before VCE
Anti-TNF
Immunosuppressors
Aminosalicylates only
No treatment

Value
47 (44)
40 ± 13 yr
5.5 (IQR 2-10) yr

7 (7)
84 (79)
15 (14)
86 (81)
12 (11)
8 (8)
74 (70)
10 (9)
22 (21)
38 (36)
21 (20)
38 (36)
40 (38)
7 (6)

VCE: video capsule endoscopy; TNF-α: tumor necrosis factor α.

patients who were being evaluated for post-operative
recurrence.
Patients with suspected CD in which VCE did not
confirm the diagnosis or those with VCE considered
inconclusive were excluded from the study. Also,
patients with suspected CD in which VCE confirmed
the diagnosis were also excluded, since our main goal
was to evaluate changes in therapeutic regimens for
CD before and after VCE. Patients had to be free of
non-steroidal anti-inflammatories for at least 1 mo.
All the VCEs were performed after confirming small
®
bowel patency using Agile Patency capsules (Given ,
Imaging Ltd. Yoqneam, Israel), which were read 30 h
®
after ingestion. VCEs were performed using PillCam
®
SB2 or SB3 capsules (Given , Imaging Ltd.). On the
previous day, patients were asked to follow a liquid diet
and to perform a bowel preparation. On the day of the
procedure, patients were on a clear-liquid diet for 6 h
®
after swallowing the capsule. RAPID Real-Time Viewer
was performed in all patients after 2 h of ingestion,
and domperidone 10 mg was prescribed if the
capsule remained in the stomach. A new evaluation
was performed 1 h later, and if the capsule was still
retained in the stomach, a new dose of domperidone
10 mg was administered. If the medication failed, an
upper endoscopy was performed to place the device in
the duodenum.
All the exams were read by two experienced
®
gastroenterologists using RAPID Reader . Lewis score
was calculated in order to assess the severity of the
disease in all procedures, being classified as normal
or clinical insignificant if lower than 135 points, mild
disease between 135 and 790, and moderate/severe
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disease above 790, as described elsewhere .
In addition to demographic, clinical, and analytical
data, medical therapy at the time of VCE and therapy
modifications due to VCE were recorded. In order
to simplify the results, the “Anti-tumor necrosis
factor (TNF) group” included patients taking antiTNF (infliximab or adalimumab) in monotherapy or
combination therapy, and the “Immunosuppression
group” included those under azathioprine (AZA) either
in monotherapy or combination with 5-amynosalici
lates (5-ASA); the remaining patients were under
monotherapy with 5-ASA or had no therapy.
Changes in CD treatment in the Staging group and
Post-op group were only attributable to VCE findings,
since these patients were in clinical and analytical
remission. Patients in the Flare group had clinical or
analytical active disease, but statistical analysis was
conducted to conclude if VCE findings were associated
with changes in therapeutic regimen, independent of
the flare itself.
Statistical analysis was performed using SPSS
software version 22 (SPSS Inc., Chicago, IL, United
States). Continuous variables were analyzed using
T-student tests or Mann-Whitney test when normal
distribution was not verified. Categorical variables
were analyzed using Pearson’s Chi-square, Fisher’s
exact tests or McNemar test as appropriate. Logistic
regression was performed in order to assess variables
independently associated with changes in therapeutic
regimen. A P value below 0.05 was considered
statistically significant.

RESULTS
Among the 542 VCEs performed during the analyzed
period, 135 were performed in patients with CD, after
positive patency was confirmed by Patency capsule
(Patency capsule excluded nearly 25% of the patients
who were supposed to perform VCE). From these 135
patients, 29 were excluded because they did not have
established diagnosis of CD at the time of VCE. In
total, 106 patients were included for the final analysis.
Most of the procedures were performed in patients
within the Staging group (n = 73, 69%), with the
remaining patients in the Flare (n = 23, 22%) and
Post-op (n = 10, 9%) groups. Baseline characteristics
are shown in Tables 1 and 2. Fifty-six percent were
female, with mean age of 40 ± 13 years. Most patients
(81%) had an inflammatory phenotype; 70% had
isolated ileal disease. After VCE analysis, upper tract
involvement was identified in 49 (46%) patients.
The median time between the diagnosis of CD and
VCE was 5.5 [interquartil range (IQR) 2-10] years.
Regarding disease activity (Lewis score), 51 (48%)
had normal or clinical insignificant lesions (25% of
the total procedures were normal), 14 (13%) had
mild disease, and 41 (39%) had moderate to severe
disease.
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Table 2 Patient characteristics at baseline that could influence
therapeutic changes after video capsule endoscopy

50

P < 0.0001

Univariate analysis Multivariate analysis

Age
Male gender
Smoking
C-reactive protein
Disease time duration
Age at diagnosis
Ileal vs colonic vs ileocolonic
disease
Disease behaviour

P = 0.477
P = 0.517
P = 0.771
P = 0.188
P = 0.073
P = 0.097
P = 0.009

P = 0.367

P = 0.564
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Figure 1 Therapeutic regimens for Crohn's disease before and after
capsule enteroscopy. TNF: Tumor necrosis factor; 5-ASA: 5-aminosalicylic
acid.
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Overall, VCE results guided changes in the
treatment of 40% of the patients. At the time of
VCE, 38% were under 5-ASA, 36% were under
immunosuppressors, 20% were under Anti-TNF, and
6% had no treatment. After VCE, no patient remained
without therapy; and the percentage of patients under
5-ASA decreased to almost half and those under AZA
and anti-TNF rose significantly (p < 0.0001, Figure 1).
Similarly, these results were significant when stratifying
patients based on time between diagnosis and VCE
(less than 1 year and more than 1, 5, and 10 years
of the disease) (data not shown). Overall, only 21%
of the patients remained free of immunosuppressors
after VCE compared to 44% before VCE (p < 0.001).
When analyzing Lewis score, only 7% with normal
or almost normal VCE changed therapy, whereas 67%
changed therapy when VCE demonstrated moderate to
severe disease (p < 0.0001, Figure 2). Those patients
who changed therapy clearly had higher median Lewis
score values (1446 vs 552, p = 0.006). Patients with
a Lewis score higher than 1354 had a 90% probability
of changing their medication [AUROC 0.80 (95%CI:
0.69-0.88)].
We found differences in the median Lewis score
among the different groups. Patients in the Flare group
had higher Lewis score values than the Staging (1648
vs 816, p = 0.040) and Post-Op (1648 vs 327, p =
0.035) groups. No significant differences were found
between Staging and Post-op groups.
Regarding the indication for VCE, the percentage
of patients under AZA was duplicated in the Staging
group (p < 0.0001) after VCE, while in the Flare group,
the number of patients doubled under anti-TNF (p =
0.032). In the Post-op group, there was an increase in
the number of those taking AZA or anti-TNF, but it was
not statistically different (p = 0.133, Figure 3).
When performing multivariate analysis, we found
that the factors age, C-Reactive protein levels, smoking
habits, or duration of the disease were not linked with
changes in therapeutic regimen after VCE.
VCE was not retained in any of the patients.
Furthermore, no clinical symptoms or other adverse
events were reported in the patients where Patency
capsule demonstrated negative patency.

None

50
40
30
20
10
0

Normal

Mild

Moderate/severe

Figure 2 Changes in therapeutic regimen regarding the Lewis score
calculated with video capsule endoscopy.

DISCUSSION
VCE is a valuable tool in the assessment of the small
[13-19]
bowel
, but its importance in the evaluation and
[20,21]
follow-up of CD patients is not well established
.
An indicator to determine the impact of this method
on CD is modification of the therapeutic approach after
VCE. Some studies address this issue, but there were
some limitations.
[8]
A recent study found that the number of patients
with CD under anti-TNF or immunosuppressants rose
after VCE. However, most of the patients underwent
VCE in the first year of the disease; and, consequently,
48 of 50 patients were only on 5-ASA or steroids
before VCE (only one was under AZA and one under
anti-TNF), which makes this difference expectable.
An advantage of our study is the inclusion of patients
with long-term disease (median time 5.5 years) and
patients whose CD is adequately managed, namely
anti-TNF and immunosuppressants. Our results showed
that VCE was decisive for therapeutic changes even
in patients with more than 10 years of CD evolution,
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P < 0.0001
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P = 0.038
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Figure 3 Therapeutic regimens before and after capsule enterosopy
within the three analyzed groups. TNF: Tumor necrosis factor; 5-ASA:
5-aminosalicylic acid.

highlighting the importance of VCE in this pathology.
Similar results were found in a previous study of 71
patients with CD that included subjects with long-term
[10]
disease . The treatment modification rate was even
higher in a study performed in a pediatric population
[22]
with CD .
VCE promoted changes in therapy in every group,
although in the Post-op group a statistically significant
difference was not achieved, probably due to the
small amount of patients (n = 10). In fact, post-op
evaluation is emerging as a potential indicator for
[23,24]
VCE
. It is considered to have the same sensibility,
specificity, and negative and positive predictive
[2]
values as colonoscopy. In addition to the latter being
a more accessible procedure, VCE was previously
shown to find more endoscopic recurrences than
[25]
colonoscopy , with the advantage of allowing for
[26]
proximal small bowel evaluation .
In the Staging and Flare groups, there was a clear
and significant modification in therapeutic regimens
after VCE, with a decrease in the number of patients
under 5-ASA and an increase in patients under
AZA (Staging group) and anti-TNF (Flare group).
Downgrading of therapy was observed in three patients
(infliximab to AZA), all in the Staging group. Those
were patients with long-term remission who were
under combination therapy and, after performing a
VCE for address the possibility of anti-TNF withdrawal,
had a normal exam. Previous studies have determined
the utility of VCE for the assessment of small bowel
mucosal healing after immunomodulator or biologic
[27,28]
therapy
, eventually contributing to a downgrade in
CD therapy.
It should be noted that none of our patients were
being treated with steroids. This was due to the
duration of time between the flare and the realization
of VCE. Patients in the Flare group started steroids as
indicated, but when they came to undergo VCE, the
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steroid cycle was already completed. This delay in
VCE could have been a problem in our analysis since
some patients may escalate therapy upon flare before
VCE, which could contribute to some attenuation in
the differences between therapy before or after the
VCE. Statistical differences were still found despite this
time lag, making changes in therapy regimens more
attributable to VCE findings than to clinical or analytical
flare.
The importance of the VCE per se in the changes
in therapeutic regimens was highlighted by the
regression analysis. As observed, no other factor
presented at baseline was independently related
to therapeutic modifications. Age, gender, smoking
habits, duration of the disease, and inflammatory
markers at the time of the VCE were not determinant
for therapeutic decisions, making therapeutic changes
attributable to the results of VCE. Previous studies had
already shown a weak correlation between VCE results
and inflammatory biomarkers, making VCE very useful
even in the absence of raised C-reactive protein or
[11]
fecal calprotectin .
Lewis score can be a valuable tool for therapeutic
[29]
management ; as expected, higher scores were
related with more frequent changes in medical therapy,
since they represent active disease requiring a more
aggressive treatment.
All the VCEs were performed after confirming
small bowel patency using Agile Patency capsules.
This device proved to be a very useful tool for patients
[30]
with known stenosis , but its systematic use, as
we perform in our institution, is not consensual.
[2]
International guidelines state that the risk of
capsule retention is high in patients with known CD,
and, therefore, patency capsule or cross-sectional
studies must be performed before VCE to exclude
significant stenosis. In patients with suspected CD,
the risk appears to be much less significant, and
its use is controversial. Since patients with CD can
have inflammatory changes in small bowel mucosa,
raising the risk of capsule retention, we performed
Patency capsule in every patient in this setting. In our
Department, nearly 25% of the patients with CD do
not perform videocapsule due to negative patency as
assessed by Patency capsules. Consequently, we did
not experience any videocapsule retention during VCE.
The main limitations of our study were the small
number of patients in the Post-Group, which precluded
significant results (although there was a clear trend
towards therapeutic modifications after VCE), and its
retrospective nature. Since this work was not designed
to compare patients with and without VCE, we did
not assess the differences in the follow-up between
them. However, it is well known in the literature that
a suboptimal treatment of CD could predispose to
a worse outcome. Therefore, we strongly believe
that therapy escalation, even in patients with clinical
remission but with small bowel lesions detected by
VCE, is of paramount importance for a better long-
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term outcome of CD.
Overall, we concluded that VCE is a very powerful
tool for evaluating CD in all groups of patients,
including those with long-term disease under
immunosuppressors and anti-TNF. It was decisive
for treatment guidance, which ultimately can lead to
an earlier introduction of immunosuppressors and
anti-TNF therapy, consequently improving overall
prognosis.
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therapeutic regimen in patients with cd. This manuscript is well-written.
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Abstract
AIM: To evaluate a multiplex PCR assay for the
detection of bacterial and viral enteropathogens in stool
samples from patients with ulcerative colitis (UC).
METHODS: We prospectively analyzed 300 individuals,
including immunocompetent patients, immunocom
promised patients, and patients with UC. Stool samples
were collected from the recto-sigmoid region of the
colon by endoscopy. The samples were qualitatively
analyzed for bacterial and viral enteropathogens with
®
a multiplex PCR assay using a Seeplex Kit. Additional
clinical and laboratory data were collected from the
medical records.
RESULTS: A multiplex PCR assay detected 397
pathogens (191 bacteria and 206 viruses) in 215
samples (71.7%). The most frequently detected
bacteria were Escherichia coli H7, 85 (28.3%); followed
by Aeromonas spp., 43 (14.3%); and Clostridium
perfringens , 36 (12.0%) samples. The most prevalent
viruses were Epstein-Barr virus (EBV), 90 (30.0%);
followed by human herpes virus-6 (HHV-6), 53 (17.7%);
and cytomegalovirus (CMV), 37 (12.3%) samples.
The prevalence rate of CMV infection was significantly
higher in the immunocompromised group than in the
immunocompetent group (p < 0.01). CMV infection
was more common in patients with UC (26/71; 36.6%)
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than in the immunocompetent patients excluding UC
(6/188; 3.2%) (p < 0.01). CMV infection was more
prevalent in UC active patients (25/58; 43.1%) than
in UC inactive patients (1/13; 7.7%) (p < 0.05).
Among 4 groups which defined by the UC activity and
immunosuppressive drugs, the prevalence rate of CMV
infection was highest in the UC active patients with
immunosuppressive drugs (19/34; 55.8%). EpsteinBarr virus (EBV) infection was more common in the
immunocompromised patients excluding UC (18/41;
43.9%) than in the immunocompetent patients
excluding UC (47/188; 25.0%) (p < 0.05). The
simultaneous presence of CMV and EBV and/or HHV6
in UC active patients (14/58; 24.1%) was greater than
in immunocompromised patients excluding UC (5/41;
12.2%) (p < 0.05).
CONCLUSION: The multiplex PCR assay that was used
to analyze the stool samples in this study may serve as
a non-invasive approach that can be used to exclude
the possibility of CMV infection in patients with active
UC who are treated with immunosuppressive therapy.
Key words: Polymerase chain reaction; Ulcerative
colitis; Cytomegalovirus; immunosuppressive drugs;
Epstein-Barr virus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Infection with cytomegalovirus (CMV)
can cause exacerbation of ulcerative colitis (UC).
Thus, early diagnosis of CMV infection is important.
Although endoscopic biopsy is the best approach
for the diagnosis of CMV infection, this procedure
may be invasive for patients and damaging to the
inflamed intestine. Our prospective study on the use
of the qualitative multiplex PCR assay in stool samples
revealed that CMV infection is significantly more
prevalent in UC active patients with immunosuppressive
drugs. The multiplex PCR assay for stool samples may
prove useful, non-invasive method to exclude the
presence of CMV infection in patients with active UC
who are treated with immunosuppressive drugs.
Nahar S, Iraha A, Hokama A, Uehara A, Parrott G, Ohira T,
Kaida M, Kinjo T, Kinjo T, Hirata T, Kinjo N, Fujita J. Evaluation
of a multiplex PCR assay for detection of cytomegalovirus
in stool samples from patients with ulcerative colitis. World J
Gastroenterol 2015; 21(44): 12667-12675 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i44/12667.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i44.12667

INTRODUCTION
Cytomegalovirus (CMV), a double-stranded enveloped
DNA virus and a member of β-herpesviridae family,
[1]
commonly infects 40%-100% of adult populations
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and 15.8%-34% of patients with inflammatory bowel
disease (IBD) who are treated with steroids and/or
[2]
other immunosuppressive drugs . The eyes, lungs,
central nervous system, liver and intestine are the
primary target organs for CMV infection. Typically,
individuals who are infected with CMV remain
asymptomatic, but the infection may manifest with
mild mononucleosis-like symptoms. CMV, like other
herpes viruses, persists in a life-long latency coupled
with a risk of intermittent reactivation in some
situations, such as the following: recipients of solid
organ transplants, patients undergoing hemodialysis,
patients with HIV, and patients who are treated with
steroids and other immunosuppressive drugs.
Typically, enteric infections are self-limiting and
acute, but serious illness can occur in immuno
compromised patients. The number of immuno
compromised patients has been increasing dramatically
in recent years due to the increased number of
organ transplants, increased numbers of patients on
hemodialysis, or infected with HIV, and widespread
use of immunosuppressive drugs and steroids. Due
to defective or altered cellular and humoral immunity,
immunocompromised patients are more susceptible to
infections. Any infection has the possibility to cause an
[3,4]
overwhelming disease in these populations .
Patients with IBD such as ulcerative colitis (UC) and
Crohn’s disease (CD) are often immunosuppressed.
Patients with severe, steroid-refractory or steroiddependent states, as well as those treated with other
biologic therapies undergo even more intensive
immunosuppression. Together with the disease activity,
these factors may contribute to the increased risk of
colonic reactivation of latent CMV or CMV reinfection
[5]
in patients with UC . CMV can cause the exacerbation
of UC, particularly in those with steroid-dependent/
[2,6-8]
steroid- refractory diseases
. Histopathology and
the identification of CMV DNA in colonic tissue by
PCR or immunohistochemistry were recommended
as the gold standard diagnostic tool for the diagnosis
of CMV infection in immunosuppressed groups by
the European Crohn’s and Colitis Organization in
[9]
2009 . Although histopathology may be the most
specific diagnostic approach, a biopsy is an invasive
procedure that requires an endoscopic examination. In
patients with UC, the inflamed colonic tissue is friable,
which leads to an increased risk of hemorrhage or
[10]
perforation during invasive procedures . In addition,
an extended length of time is required to obtain results
of a histopathological analysis, and during this time, a
[11]
given patient’s condition may deteriorate clinically .
Molecular diagnostic tools based on the PCR method,
have been developed to improve the detection of enter
[12-14]
opathogens
. Of late, additional advances have
been made to simultaneously identify enteropathogens
[15-18]
using multiplex real-time PCR
, but these methods
can be low-throughput and expensive. Therefore, the
implementation of a rapid, sensitive, powerful, and
non-invasive molecular tool is necessary to determine
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the etiology of diarrhea in UC patients. Only then will it
be possible to provide early and specific interventions
for the prevention and control of infections in both
individuals and the community.
The aim of this prospective study was to evaluate
the feasibility of a qualitative multiplex PCR assay of
stool for the simultaneous detection of bacterial and
viral enteropathogens, focusing on CMV infection
for adult patients, including patients with UC, immu
nocompetent patients, and immunocompromised
patients.

MATERIALS AND METHODS
Study population and specimens

We prospectively analyzed 300 patients who underwent
colonoscopy at the Department of Endoscopy at
the University of the Ryukyus Hospital from August
2014 to January 2015. Stool samples were collected
endoscopically from the recto-sigmoid region of
the colon and were transported to the laboratory.
Stool samples were immediately processed for the
multiplex PCR. Additional clinical and laboratory data
were collected from medical records. UC activity was
[19]
assessed using the Mayo scoring system .

DNA extraction

DNA was extracted using Ribospin™ vRD kit (GeneAll
Biotechnology, Seoul, South Korea) according to
manufacturer’s instructions. Briefly, 300 µL of endo
scopically collected stool was transferred into a
1.5-ml microcentrifuge tube followed by the addition
of 500 µl of buffer to lyse the fecal matter. After an
incubation of 10-15 min at room temperature, 700 µl
of nucleic binding buffer was added; the solution was
then vortexed and mixed. The resultant solution was
transferred to a mini spin column and was centrifuged
at 10000 g for 30-60 s. Total DNA was bound to the
glass fiber membrane while the remaining impurities
on the membrane were removed by two successive
wash buffers. Pure DNA was eluted to a final volume
of 50 µL of nuclease-free water. All procedures were
performed at room temperature. The extracted DNA
was stored at 4 ℃ for immediate use or at -20 ℃ for
long-term use.

PCR amplification

The multiplex PCR was performed according to
the manufacturer’s instructions using a Seeplex
®
Meningitis V1, Diarrhea B1 and Diarrhea B2 ACE
detection kits (Seegene, Seoul, South Korea). In
regards to the Meningitis V1 ACE Detection assay,
multiplex PCR was performed in a 20-μL total volume,
which included 2 μL of each 10 × MV1 PM and 8-MOP
solution, 1 μL of the Meningitis ACE internal control,
10 μL of the 2 × multiplex master mix and 5 μL of
nucleic acid template. Negative and positive control
samples were included in every PCR procedure and
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contained 5 μl of the Meningitis ACE NC and PC,
respectively. DNA amplification was performed in an
Eppendorf Mastercycler under the following conditions:
an initial denaturation at 94 ℃ for 15 min, 94 ℃ for 30
s followed by 40 cycles at 63 ℃ for 1.5 min, 72 ℃ for
1.5 min with a final cycle at 72 ℃ for 10 min and then
a hold at 4 ℃.
In regards to the Diarrhea B1/B2 ACE Detection
assay, the multiplex PCR was performed in a 20-μL
volume that contained 4 μL of 5 × DB1 PM, 3 μL of
8-MOP solution, 10 μL of 2 × master mix and 3 μL of
nucleic acid template. Negative and positive controls
samples were included in each PCR reaction and
contained 3 μL of DB1 NC and DB1 PC, respectively,
instead of nucleic acid.
All multiplex PCR mixtures underwent the same
®
amplification conditions shown above. The Seeplex
Meningitis V1 kit is able to detect five pathogens in
a single reaction tube including CMV, human herpes
virus-6 (HHV-6), Epstein-Barr virus (EBV), herpes
simplex virus type 1 (HSV-1), HSV-2, and varicella
®
zoster virus (VZV). The Seeplex Diarrhea B1 & B2 ACE
detection assay permits the simultaneous amplification
of the target DNA of the following: Salmonella
spp. (S. bongori and S. enterica), Shigella spp. (S.
flexneri, S boydii, S. sonnei, and S. dysenteriae),
Vibrio spp. (V. cholerae, V. parahaemolyticus, and V.
vulnificus), Clostridium difficile toxin B, Campylobacter
spp. (C. jejuni and C. coli), Clostridium perfringens
toxin, Yersinia enterocolitica, Aeromonas spp.
(A. salmonicida, A. sobria, A. bivalvium, and A.
hydrophila), Escherichia coli O157: H7, and Verotoxinproducing E. coli (VTEC). In total, we were able to test
for 25 pathogens simultaneously.

Analysis of PCR product

PCR products were analyzed by microchip electro
phoresis system using the DNA-1000 Reagent kit in
the MCE-202 MultiNA machine (Shimadzu, Japan).
The data was analyzed using MultiNA viewer software
(Shimadzu, Japan).

Ethical considerations

This prospective study was approved by the
institutional review board of the University of the
Ryukyus, and written informed consent was obtained
from all patients prior to their inclusion in the study.

Statistical analysis

Statistical comparisons were conducted by two-tailed

χ 2 test with Yates’ correction using SPSS (version 21.0,
SPSS Inc., Chicago, IL, United States). A P value < 0.05
was considered statistically significant.

RESULTS
Study population

The clinical characteristics of the included patients
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100

Table 1 Demographic and clinical characteristics of the
patients n (%)

CMV positive

80
Number of patients 300 (100)

Gender
Male
Female
Age in years
Underlying disease
Immunocompromised
Ulcerative colitis
One or more bacteria/viruses detected
One or more bacteria detected
Number of bacteria detected
1
2
3
One or more viruses detected
Number of viruses detected
1
2
3
Bacteria detected
Clostridium difficile toxin B
Salmonella spp.
Campylobacter spp.
Vibrio spp.
Clostridium perfringens
E. coli H7
E. coli O157
VTEC
Aeromonas spp.
Virus detected
CMV
HHV6
EBV
HSV1
HSV2
VZV

Prevalence rate (%)

Characteristics

177 (59)
123 (41)
59.04 (16-86 )
41 (13.7)
71 (23.7)
215 (71.7)
146 (48.7)

P < 0.01

40

25/80

20
12/220
0

108 (36.0)
33 (11.0)
5 (1.67)
148 (49.3)

Immuno-competent Immuno-compromised
patients
patients

Figure 1 Comparison of prevalence rate of cytomegalovirus infection. The
prevalence rate was significantly higher in the immunocompromised patients
than in the immunocompetent patients. CMV: Cytomegalovirus.

96 (32.0)
45 (15.0)
7 (2.3)
15 (5.0)
4 (1.3)
3 (1.0)
1 (0.3)
36 (12.0)
85 (28.3)
1 (0.3)
1 (0.3)
43 (14.3)
37 (12.3)
53 (17.7)
91 (30.3)
14 (4.7)
6 (2.0)
6 (2.0)

E. coli: Escherichia coli; VTEC: Verotoxin-producing E. coli; CMV:
Cytomegalovirus; EBV: Epstein-Barr virus; HHV6: Human herpes virus-6;
VZV: Varicella zoster virus.

are summarized in Table 1. Three hundred patients
were enrolled, including 41 immunocompromised
patients and 71 patients with UC. The average age
of the patients was 59.04 years (range 16-86 years),
and there were more males (59%) than females. All
of the UC active patients had diarrhea. A total of 300
samples collected by colonoscopy were examined.
Among the 300 samples, multiplex PCR showed a
positive reaction in 215 samples (71.7%) (Table
1). Among the 300 samples, one or more bacteria
and viruses were identified in 146 (48.7%) and 148
(49.3%) samples, respectively. One bacterium was
detected in 108 (36.0%) samples. Two and three
other types of bacteria were detected in 33 (11.0%)
and 5 (1.67%) samples, respectively. Ninety six
(32.0%) had a single viral infection while 45 (15.0%)
and 7 (2.3%) had 2 and 3 viruses, respectively. The
most frequently detected bacteria were E. coli H7, 85
(28.3%); followed by Aeromonas spp., 43 (14.3%);
C. perfringens, 36 (12.0%); and C. difficile Toxin B, 15
(5.0%). Shigella spp. and Y. enterocolitica were not
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60

detected. The most prevalent viruses were EBV, 91
(30.3%); followed by HHV-6, 53 (17.7%); and CMV,
37 (12.3%). The least prevalent viruses were HSV2,
6 (2.0%) and VZV, 6 (2.0%). Internal control was
positive for all samples.
Patients who were treated with immunosuppressive
drugs (e.g., anticancer drugs, T-cell inhibitors,
steroids), HIV patients, and patients on hemodialysis
for chronic kidney disease were included in the
immunocompromised group (80; 26.7%). Patients
who were not treated with immunosuppressive drugs
were incorporated into the immunocompetent group
(220; 73.3%). The prevalence rate of CMV infection
was significantly higher in the immunocompromised
group than in the immunocompetent group (p <
0.01) (Figure 1). CMV infection was more common
in patients with UC (26/71; 36.6%) than in the
immunocompetent patients excluding UC (6/188;
3.2%) (p < 0.01) (Figure 2).
In UC patients, CMV infection was more prevalent
in UC active patients (25/58; 43.1%) than in UC
inactive patients (1/13; 7.7%) (p < 0.05) (Figure 3).
UC patients were further categorized into 4 groups
based on the UC activity and the administration
of immunosuppressive drugs. The prevalence rate
of CMV infection was highest among individuals
in the active UC group who were treated with
immunosuppressive drugs compared with individuals
in the other 3 groups (Figure 4). Among the 58
patients with active UC, immunosuppressive drugs
were prescribed for 34 patients. The CMV infection
rate was significantly higher in those who were treated
with immunosuppressive drugs (19/34; 55.8%)
compared with those who were not treated with
immunosuppressive drugs (6/24; 25.0%) (p < 0.05).
As for EBV infection, EBV infection was more
common in the immunocompromised patients excluding
UC (18/41; 43.9%) than in the immunocompetent
patients excluding UC (47/188; 25.0%) (p < 0.05)
(Figure 5). Figure 6 shows no significant differences
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Figure 2 Comparison of prevalence rate of cytomegalovirus infection in
3 groups, including the immunocompetent patients excluding ulcerative
colitis, the immunocompromised patients excluding ulcerative colitis, and
ulcerative colitis patients. CMV: Cytomegalovirus.

of the prevalence rate of HHV6 infection among the
groups. The overlapping prevalence patterns for CMV,
EBV, and HHV6 are shown for UC active patients (Figure
7) and the immunocompromised patients excluding UC
(Figure 8). The simultaneous presence of CMV and EBV
and/or HHV6 in UC active patients (14/58; 24.1%)
was greater than in immunocompromised patients
excluding UC (5/41; 12.2%) (p < 0.05). No patients in
our cohort were simultaneously infected with all three
viruses.

DISCUSSION
Multiplex PCR has been widely applied to the
[18]
diagnosis of gastrointestinal infectious diseases .
®
Notably, the Seeplex Diarrhea ACE Detection assay
has shown itself to be a rapid, sensitive, specific,
and reliable diagnostic tool for the direct detection
of the most common enteropathogens in stool
[20]
samples . Other multiplex PCR assays (e.g., the
FilmArray gastrointestinal panel and Luminex xTag
gastrointestinal pathogen panel) have also yielded an
increased percent positive rate compared with routine
[21]
testing . Based on these recent developments,
we have conducted this prospective assay with the
®
Seeplex Diarrhea and Meningitis Detection method.
We have analyzed (1) the results of a multiplex PCR
assay as a rapid and non-invasive molecular diagnostic
tool for the early diagnosis of CMV infection in patients
with UC; (2) the prevalence rate of CMV infection in
UC in comparison with control populations; and (3) the
relationship of CMV infection with immunosuppressive
drugs and disease activity. We have found that CMV
infection is significantly more prevalent in the active
UC group compared with the immunocompetent group
and the immunocompromised group (p < 0.05),
which further indicates the strong association of CMV
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Figure 3 Comparison of prevalence rate of cytomegalovirus infection. The
prevalence rate was significantly higher in ulcerative colitis active patients than
in ulcerative colitis inactive patients. CMV: Cytomegalovirus.

infection in patients with active UC.
In addition, CMV infection is significantly correlated
with the administration of immunosuppressive drugs
among the patients with active UC (p < 0.05). UC
patients who were treated with immunosuppressive
drugs such as corticosteroids, tacrolimus, azathioprine,
6-mercaptopurine, or cyclosporine A, and those
with existing inflammation are considered to be
at an increased risk for the development of CMV
[22-24]
infection
. Although some studies have suggested
that CMV infection may be an occasional finding or
[22,25,26]
that CMV may be an inactive participant in UC
,
CMV itself can be a major cause of exacerbation of
UC. As a result, CMV subsequently leads to the worst
[27]
clinical conditions seen among patients with UC .
Therefore, an early diagnosis of CMV infection in UC is
crucial, and several modalities have been developed
for the diagnosis of CMV infection.
Currently, the guidelines of the European Colitis and
Crohn’s Organization recommend the combined use of
hematoxylin-eosin (HE) staining, immunohistochemical
(IHC) staining with a CMV-specific monoclonal
antibody and PCR for CMV in colonic tissue for the
detection of colonic CMV infection in patients with
[9]
UC . IHC staining has a higher sensitivity than
conventional histology (78%-93%) for the detection of
[28]
CMV in colonic tissue .
Several studies have reported that the quantitative
real-time PCR technique is a highly sensitive method
for the diagnosis of CMV infection in inflamed colonic
tissue compared with non-inflamed colonic tissue in the
[29]
setting of UC . The detection of CMV DNA in mucosal
biopsies by PCR analysis has been regarded as the
most sensitive assay for the diagnosis of CMV infection
[30]
of the intestinal tract . However, this technique
requires invasive procedures such as sigmoidoscopy
or colonoscopy to collect biopsy material and in some
instances a physician may not be able to perform a
colonoscopy. Furthermore, inflamed colonic tissue in
cases of UC is mostly friable, edematous, and eroded
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Figure 5 Comparison of prevalence rate of Epstein-Barr virus infection in
3 groups, including the immunocompetent patients excluding ulcerative
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Figure 6 Comparison of prevalence rate of human herpes virus-6
infection in 3 groups, including the immunocompetent patients excluding
ulcerative colitis, the immunocompromised patients excluding ulcerative
colitis, and ulcerative colitis patients. HHV6: Human herpes virus-6.

and bleeds when touched. As a result, there is a
high risk of bleeding during the collection of tissues.
Additionally, endoscopic biopsy may lead to falsenegative results due to sampling bias. To reduce
sampling error, tissues in different locations along
the colon are needed. Therefore, serology, a CMV
antigenemia assay and PCR of blood samples for CMV
[11,31]
are more convenient than invasive procedures
.
Serological tests, such as the detection of CMVspecific IgM antibodies, have been shown to have a
[32]
100% sensitivity and a 99% specificity . However,
the presence of IgM antibodies can only reveal acute
infection, and as such, cases of reactivation are often
undiagnosed. Therefore, serology also has limited
value in the diagnosis of CMV infection in patients with
UC.
[11]
A recent study
evaluated the diagnostic per
formance of a CMV antigenemia assay and PCR of

blood for the detection of CMV in patients with UC
and showed lower sensitivities for the diagnosis of
[10]
CMV infection compared with a previous study . The
presence of a CMV infection in the intestine cannot be
ruled out in the case of a negative CMV antigenemia
assay. In many cases, additional testing will be
required to reach the diagnosis of CMV infection. The
CMV antigenemia assay also has limited clinical value
in the prediction of the reactivation of CMV infection in
[33]
the gastrointestinal tract
and is therefore ineffective
at preventing the development of CMV colitis.
The CMV antigenemia assay is also relatively time
consuming and demands expert pathologists to reduce
subjective bias during interpretation of the slides.
65
As the pp antigen for the CMV antigenemia assay
is examined in blood leukocytes, it may also reveal
[27]
false-negative results in leucopenic patients . The
diagnostic accuracy of CMV antigenemia may depend
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Figure 7 Overlapping prevalence patterns for cytomegalovirus, EpsteinBarr virus, and human herpes virus-6 infection in active ulcerative colitis
patients. CMV: Cytomegalovirus; EBV: Epstein-Barr virus; HHV6: Human
herpes virus-6.
[34]

EBV
0%

n = 58

on site of organ/tissue involvement . Under these
circumstances, the testing of stool samples by PCR
was chosen as an alternative to these techniques.
We have found advantages in the detection of CMV
DNA in stool samples by the multiplex PCR technique.
Although this prospective study was designed so that
fresh samples would be prepared from stool samples
obtained by endoscopy, stool analysis is traditionally a
non-invasive procedure. The procurement of tissues by
biopsy may have potential risks when the intestine is
inflamed. In addition, the stool may better reflect the
CMV enterocolitis that is located in the proximal colon
and small intestine. We are planning to analyse stool
samples which are collected by the patients at home.
Several studies have evaluated CMV DNA in
[26,35,36]
[37]
stool samples
. Ganzenmueller et al
have
retrospectively evaluated quantitative real-time PCR
in 66 fecal samples and intestinal biopsies for the
diagnosis of CMV intestinal disease. Their study also
compared CMV DNA in stool and colonic biopsies with
the results of histopathology and the CMV antigenemia
assay. In their study, the sensitivity and specificity
of stool CMV DNA for the diagnosis of CMV intestinal
disease are 67% and 96%, respectively. Therefore,
CMV DNA in the stool is more sensitive and specific
than the gold standard method (histopathology and
IHC) for the diagnosis of CMV in inflamed colonic
tissue.
Additional studies have evaluated the sensitivity,
specificity and reliability of the multiplex PCR assay as
a rapid molecular diagnostic tool for the investigation
of the etiology of enteric infections in pediatric
[20]
patients . However, the diagnostic significance of the
multiplex PCR assay in stool samples for the diagnosis
of CMV infection in patients with UC has not yet been
evaluated. In our prospective study, we evaluated
the ability of a commercially available multiplex PCR
assay to diagnose CMV infection in UC using stool
samples. To our knowledge, this is the first large-scale
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Figure 8 Overlapping prevalence patterns for cytomegalovirus,
Epstein-Barr virus, and human herpes virus-6 infection in the immuno
compromised patients excluding ulcerative colitis. CMV: Cytomegalovirus;
EBV: Epstein-Barr virus; HHV6: Human herpes virus-6.

prospective study that assesses the multiplex PCR
assay as a diagnostic tool for the diagnosis of CMV in
patients with active UC, and in both immunocompetent
and immunocompromised patients. As for EBV and
HHV6, this study has showed a possible synergistic
role for these viruses in the pathogenesis in active UC
[38,39]
activation, as suggested by the prior reports
.
Our study has some limitations. First, we did
not quantify the CMV DNA. However, in patients
with UC, any positive result with respect to CMV is
clinically significant without quantification of the viral
load. Quantification of CMV in stool specimens is not
feasible during specimen processing (e.g., diluted
[40]
versus non-diluted) , and positive results should be
carefully considered, especially in patients with UC
[37]
who are treated with immunosuppressive drugs .
Furthermore, this prospective study was not designed
to compare the different modalities for the detection
of CMV, including histopathology, CMV antigenemia
[36]
assay, serology, and tissue CMV PCR. Herfarth et al
have shown that the sensitivity and specificity of the
stool PCR analysis compared with PCR in mucosal
biopsies were 83% and 93%, respectively. They have
noted that it is not clear whether CMV DNA detected
in the stool samples was due to leakage from the
blood compartment into the intestinal tract, or if it was
derived from intestinal CMV infection.
In conclusion, this prospective study proposes
multiplex PCR as a successful, non-invasive diagnostic
technique for rapid detection of CMV infection among
UC patients in clinical in-patient and out-patient
settings. Additionally, we present a new protocol for
the broad analysis of the enteropathogens in stool
samples in adult populations. This method will also
help predict CMV infection prior to the development
of intestinal symptoms, which is important for the
prevention of exacerbation of UC by CMV reactivation.
Positive PCR results may help to rapidly diagnose
patients at a high risk for CMV infection. Further
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studies are needed to confirm these results. Future
studies that involve colonic biopsies will be needed to
confirm the reliability of the multiplex PCR test results.
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COMMENTS
Background

Infection with cytomegalovirus (CMV) can cause exacerbation of ulcerative
colitis (UC). Thus, early diagnosis of CMV infection is important. Although
endoscopic biopsy is the best approach for the diagnosis of CMV infection, this
procedure may be invasive for patients and damaging to the inflamed intestine.

8

9

Research frontiers

Molecular diagnostic advances have been made to simultaneously identify
enteropathogens using multiplex polymerase chain reaction (PCR). The
aim of this prospective study was to evaluate the feasibility of a qualitative
multiplex PCR assay of stool for the simultaneous detection of bacterial and
viral enteropathogens, focusing on CMV infection for adult patients, including
patients with UC, immunocompetent patients, and immunocompromised
patients.

10

Innovations and breakthroughs

This is the first large-scale prospective study that assesses the multiplex PCR
assay in stool samples as a diagnostic tool for the diagnosis of CMV in patients
with UC. This assay may prove useful, non-invasive method to exclude the
presence of CMV infection in patients with active UC who are treated with
immunosuppressive drugs.
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Applications

This multiplex PCR as a successful, non-invasive diagnostic technique will help
predict CMV infection prior to the development of intestinal symptoms, which is
important for the prevention of exacerbation of UC by CMV reactivation.
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Terminology

Multiplex PCR assay: a rapid, sensitive, specific, and reliable diagnostic tool for
the simultaneous detection of bacterial and viral enteropathogens by PCR.

Peer-review
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In this study, the authors detected CMV and other enteric pathogens using
multiplex PCR in stool samples collected from 300 patients who underwent
colonoscopy including patients with UC.
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Abstract
AIM: to assess the risk of gastric cancer (GC) in
relation to tobacco use and alcohol drinking in the
Karunagappally cohort in Kerala, South India.
METHODS: This study examined the association of
tobacco use and alcohol drinking with GC incidence
among 65553 men aged 30-84 in the Karunagappally
cohort. During the period from 1990-2009, 116 GC
cases in the cohort were identified as incident cancers.
These cases were identified from the populationbased cancer registry. Information regarding risk
factors such as socioeconomic factors and tobacco
and alcohol habits of cohort members were collected
from the database of the baseline survey conducted
during 1990-1997. The relative risks (RRs) and the
corresponding 95% confidence intervals (95%CIs) for
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tobacco use were obtained from Poisson regression
analysis of grouped survival data, considering age,
follow-up period, occupation and education.
RESULTS: Bidi smoking was associated with GC
risk (P = 0.042). The RR comparing current versus
never smokers was 1.6 (95%CI: 1.0-2.5). GC risk was
associated with the number of bidis smoked daily (P
= 0.012) and with the duration of bidi smoking (P =
0.036). Those who started bidi smoking at younger
ages were at an elevated GC risk; the RRs for those
starting bidi smoking under the age of 18 and ages
18-22 were 2.0 (95%CI: 1.0-3.9) and 1.8 (95%CI:
1.1-2.9), respectively, when their risks were compared
with lifetime non-smokers of bidis. Bidi smoking
increased the risk of GC among never cigarette smokers
more evidently (RR = 2.2; 95%CI: 1.3-4.0). GC risk
increased with the cumulative amount of bidi smoking,
which was calculated as the number of bidis smoked
per day x years of smoking (bidi-year; P = 0.017).
Cigarette smoking, tobacco chewing or alcohol drinking
was not significantly associated with GC risk.
CONCLUSION: Among a male cohort in South India,
gastric cancer risk increased with the number and
duration of bidi smoking.
Key words: Bidi smoking; Alcohol drinking; Gastric
cancer; The Karunagappally cohort; Kerala; India
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In South Asia, bidi smoking is a popular form
of tobacco smoking. A bidi is 0.15-0.25 g of sun-dried
tobacco flakes hand-wrapped in a temburni leaf. Bidi
smoking has been shown to cause various cancers,
such as cancers of the lung and oral cavity, by several
epidemiological studies including the Karunagappally
cohort study, one of the most important cohort
studies in South Asia. However, only a few studies
have examined the relation between bidi smoking and
gastric cancer (GC) risk. Our results indicated that GC
risk increased with the number and duration of bidi
smoking. To our knowledge, the present study is the
first cohort study to show an association between bidi
smoking and GC risk.
Jayalekshmi PA, Hassani S, Nandakumar A, Koriyama C,
Sebastian P, Akiba S. Gastric cancer risk in relation to tobacco
use and alcohol drinking in Kerala, India - Karunagappally
cohort study. World J Gastroenterol 2015; 21(44): 12676-12685
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i44/12676.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i44.12676

INTRODUCTION
Tobacco is used in different forms all around the world.
The most common form of tobacco use worldwide is
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cigarette smoking, which is known to cause various
[1]
cancers including gastric cancer (GC) . In southern
India, the most popularly smoked tobacco is bidi,
which is made of sun dried flaked tobacco rolled into a
conical shape in a dried rectangular piece of temburni
leaf (Diospyros melanoxylon) with a thread securing
the roll. As bidis are hand-rolled, the length and
amount can vary; however, the difference is not large,
and on average, a bidi in Karunagappally taluk, our
[1,2]
study area, contains 0.15-0.25 g of tobacco leaves .
Tobacco-specific nitrosamine levels in the main stream
smoke of bidis were reported to be as high as were
[3]
those in cigarettes . Bidi smoking has been found to
be related to cancers of the oral cavity, lung, head and
[4-10]
neck
. However, only a few studies have examined
the relation between GC risk and bidi smoking, and
[11-13]
their results are inconsistent
.
Tobacco chewing is another common tobaccorelated habit in many Asian countries, particularly in
India. The chewing practices vary in different regions,
and the most common combination used for chewing
[14]
is areca nut, betel leaf, slaked lime and tobacco .
In the study area, tobacco chewing is always betel
quid chewing. The International Agency for Research
on Cancer (IARC) classified areca nut as a human
[14]
carcinogen (Group 1) in 2004 . GC has been asso
ciated with the habit of chewing; an increase in GC
was noted in the case of chewers with a habit of
[15]
chewing tobacco alone . However, the association
that was noted in studies was inconsistent, warranting
[11,12,15,16]
more in-depth studies
.
Alcohol consumption is also known to cause various
cancers, including cancers of the upper digestive tract
[17]
and the liver . Regarding the relation between alcohol
drinking and GC risk, the IARC concluded in 2007 that
[18]
the evidence is inconsistent . A recent meta-analysis
reported an increase in GC risk in alcohol drinkers, with
a higher risk for heavy alcohol drinkers (≥ 4 drinks
[19]
per day) compared to non-drinkers . In India, only
a few studies have investigated the relation between
[11,12,16]
alcohol drinking and GC risk
.
Alcohol consumption is a common habit all over
the world; however, commonly consumed beverages
vary from country to country. In South India, the most
popular alcoholic beverages are toddy and arrack.
Toddy is prepared locally from the sap of coconut
flowers or palm trees. This liquid is collected and
allowed to ferment. This beverage has an alcohol
[20]
content of approximately 5%-10% . This preparation
method is almost identical everywhere, including in
Karunagappally. Arrack is a distilled beverage made
from paddy, wheat, or palm sap, depending on the
local availability. Jaggery, sugar or sugarcane is added
to either one or a combination of these and boiled
with water. This mixture is allowed to ferment, after
which it is distilled. In Karunagappally taluk, arrack
is made primarily from palm sap. This beverage
contains approximately 25%-45% alcohol. With no
legal control, some of the beverages were found
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to have alcohol concentrations as high as 56%. In
a study specifying the type of alcohol consumed,
arrack drinkers and foreign liquor drinkers showed a
[11]
significant association with an increased GC risk . In
that study, foreign liquors normally had 40% alcohol
content.
The present cohort study investigated the association
of tobacco use, alcohol drinking and socioeconomic
status with GC in Karunagappally, Kerala, India.

MATERIALS AND METHODS
Base line survey

The area of the present study is Karunagappally
taluk, which is an administrative unit consisting
of 12 panchayats, in the coastal area of Kollam
district in Kerala, South India, as described in our
[8-10,21]
previous studies
. Based on the 1991 census,
2
Karunagappally taluk, with an area of 192 km , had
a total population of 385103 (193954 females and
191149 males). In the late 1980s, a cohort of all
residents of Karunagappally was established with the
objective of examining the risk of different cancer in
association with natural radiation exposure, lifestyle
[8-10,21]
and many other factors
. During the period from
st
st
January 1 , 1990 to December 31 , 1997, every
resident of Karunagappally taluk was surveyed for
sociodemographic and other lifestyle-related factors as
a part of the investigation. The face-to-face interview
survey was conducted with the help of trained field
investigators for each resident using a 6-page,
standardized questionnaire. The questionnaire was
constructed with specific questions to elicit factors
such as household socioeconomic status, religion,
education, income, and occupation along with lifestyle
factors such as smoking and drinking habits, and
dietary practices.
The questions pertaining to tobacco chewing,
smoking and alcohol drinking included habits practices,
and whether the person had a history of the habits in
the past or was currently habituated. For the subjects
with those habits, a detailed enquiry was made
regarding the types of materials consumed, such as
(1) pan, pan + tobacco, or tobacco alone in the case
of tobacco chewing; (2) bidis or cigarettes in the case
of smoking; and (3) and toddy, arrack or foreign
liquors in the case of drinking. In addition, information
was collected regarding the frequencies of smoking
and tobacco chewing per day, the amount alcoholic
beverages consumed in milliliters or liters per day, and
the ages at starting and stopping those habits.

Study population

During the household survey, personal informa
tion on 359614 subjects from 71674 households
(corresponding to 93% of the population and 94%
of households in Karunagappally according to the
1991 census) were collected. There were 69943
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men between the ages of 30-84 at the time of the
interview. We excluded subjects younger than 30
because cancer incidence is low in this age group and
the smoking effects will be apparent only decades
after starting smoking. Subjects older than 84 were
also excluded as the elderly tend not to seek medical
attention for cancer, which can lower the completeness
of case ascertainment and the diagnosis accuracy. The
local Rare Earth factory workers were also excluded
because of the possible occupational exposures (n
= 1428). Additionally, subjects who were deceased
or diagnosed with cancer before the base-line
survey were excluded from the analysis (n = 136).
Furthermore, we excluded subjects who died within 3
years after the interview because their health status
might have affected their lifestyle. As a result, the
statistical analysis was conducted on the remaining
[10]
65553 subjects .

Cancer case ascertainment

The present study analyzed cancer incidence among
the Karunagappally cohort, during the 1990-2009
period. The regional cancer registry in Karunagappally
st
taluk, which was initiated January 1 , 1990, registered
[10,22]
the cancer cases
. Because this rural area does
not have any center dedicated to cancer diagnosis
or treatment, it was necessary to use an active
registration method. We visited all health and medical
facilities, in or outside the taluk, where cancer patients
[23-26]
are attended to
. The registry reports are included
in the IARC Cancer Incidence in Five Continents vol. Ⅶ[23-26]
.
Ⅹ
We obtained the death reports from the death
registers of the Vital Statistics Division of each
panchayat. To obtain supplemental information for
determining the underlying cause of death, the cancer
registry office started house visits of the deceased in
1997. The Death Certificate Only proportion was 13%
[23]
during the 1991–1992 period , 10% and 11% for
men and women, respectively, during the 1993–1997
[24]
period
and reduced to 4% and 5% for men and
[25]
women, respectively, during the 1998–2002 period .
The mortality to incidence ratio (M:I %) for all cancers
[25]
among men was 56% during the 2002-2003 period
[23]
and 53.8% during the 2006-2010 period
and was
similar to those in other major cancer registries in this
[27]
country .
To assess the extent of migration among cohort
members, periodical door-to-door surveys of all the
households in the 12 panchayats were conducted
during the years 2001-2003 and 2008. The findings
of those surveys were linked to incident cases through
name, age, address, house number and so forth.
These surveys showed that migration was negligible.

Statistical analysis

Statistical analysis was performed using the EPICURE
[28]
program (DATAB; AMFIT) . Poisson regression
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Table 1 Sociodemographic features of study subjects (men) and their associations with gastric cancer

Total
Religion
Hindu
Muslim
Christian
Family income3
< 500
501-1200
1201-2500
2501-3500
3500+
Education
Illiterate
Primary school
Middle school
High school
College
Unknown
Occupation
Farmers and fishermen
Skilled workers
White collars
Others

n

Person-years

65553

900721

47689
11841
6023

658303
160475
81942

88
19
9

1.0
0.9
0.8

Reference
0.5-1.5
0.4-1.6

4367
19460
24794
10839
6093

66066
281461
332258
141566
79370

10
41
37
14
14

1.1
1.0
0.7
0.6
1.0

0.6-2.2

4143
16917
17310
20775
5703
705

52337
221434
238947
298699
79877
9427

7
49
30
25
4
1

0.5
1.0
0.7
0.7
0.4
0.5

0.2-1.1
Reference
0.5-1.2
0.4-1.1
0.1-1.1
0.1-3.9

21683
12445
13672
17753

302651
169094
183094
245882

51
21
28
16

1.0
0.8
0.8
0.4

Reference
0.5-1.3
0.5-1.2
0.2-0.7

Gastric cancer cases

RR

95%CI

P value
> 0.52

0.5-1.1
0.3-1.0
0.5-1.8

0.1911

0.1641

0.0082

1

The P for trend; 2The P for heterogeneity; 3Monthly family income in Indian National Rupee (INR). One INR is approximately 0.016 US dollars. In the
analysis examining the relation between socioeconomic status and gastric cancer risk, a relative risk was obtained from the following model: H = H s exp (BiXi),
where the background hazard, Hs, was stratified by attained age and calendar time, and Xi denotes categorical variables of the sociodemographic factors
shown in the table.

analysis of grouped data was conducted to estimate
relative risks (RRs) and 95%CIs using the survival data
cross-classified by 5-year categories of attained age
(30-84 years), calendar year (1990-1997, 1998-2003,
[29]
and 2004-2009), and other variables .
To examine the relation between GC risk and bidi
smoking, the RRs of former smokers (denoted by X2)
and current smokers (denoted by X3) were estimated
using the following model: H0 (calendar year, attained
age, occupation, and education) exp (β2X2 + β3X3),
where H 0 denotes the baseline, or background,
GC incidence rate (e.g., incidence rate in never
smokers). The attained age of each cohort member
was calculated at the mid-point of one-year intervals
during the follow-up period using the DATAB procedure
(EPICURE). The AMFIT procedure of the EPICURE
program gave Maximum Likelihood Estimates of β2
and β3, after adjusting for calendar year, attained age,
occupation, and education. These estimates are the log
RRs for the indicator variables X2 and X3, respectively,
[10]
with the reference category X1 . We used similar
models for the analysis of all other variables.
The entry date into the cohort was defined as the
st
interview date, from January 1 , 1990 to December
st
31 , 1997. A cohort member was considered censored
when diagnosed with a cancer other than GC or when
died of any other cause. Thus, the end of follow-up
was defined as the diagnosis date for cancer cases, the
date of death for the deceased, the migration date, the
date of attaining the age of 85 or the end of the study
st
period (December 31 , 2009).
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RESULTS
The present study examined 65553 men aged 30-84
years old. By the end of 2009, 116 cases of GC
(ICD9: 151) were identified. Table 1 summarizes the
analysis results regarding the association of GC risk
with socioeconomic status. No significant association
between GC risk and religion, family income or
education was found. In contrast, statistically
significant heterogeneity in GC risk was found among
occupational groups (P = 0.008).
Table 2 summarizes the risk analysis results with
respect to tobacco use and alcohol drinking. Bidi
smoking was significantly associated with GC risk (RR
= 1.6; 95%CI: 1.0-2.5; P = 0.042). Bidi smoking
increased the risk of GC among never cigarette
smokers (RR = 2.2; 95%CI: 1.3-4.0) more evidently.
The number of only bidi smokers was 7592, and the
number of bidi smokers who also smoked cigarettes
was 17740. By restricting our further analyses to only
bidi smokers, we would have omitted more than twothirds of the subjects. Therefore, we decided to include
all bidi smokers in the further analyses (Table 3),
regardless of whether they were cigarette smokers.
Former cigarette smokers showed a 40% increase
in GC risk (RR = 1.4; 95%CI: 0.8-2.4), which was
not statistically significant. Tobacco chewing was not
related to GC risk. Current alcohol drinkers had a 30%
increase in GC risk compared to never alcohol drinkers
(RR = 1.3; 95%CI: 0.9-2.0); however, this association
was not statistically significant either.
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Table 2 Gastric cancer risk in relation to tobacco use and alcohol drinking among men

Total
Bidi smoking
Never
Former
Current
Unknown
Cigarette smoking
Never
Former
Current
Unknown
Tobacco chewing
Never
Former
Current
Unknown
Alcohol drinking
Never
Former
Current
Unknown

n

Person-years

65553

900721

31277
5830
25403
3043

Gastric cancer cases

RR

95%CI

441290
70584
347383
41464

35
15
62
4

1.0
1.3
1.6
1.0

Reference
0.7-2.5
1.0-2.5
0.4-3.0

29205
5603
27835
2910

398841
71488
390298
40093

57
18
39
2

1.0
1.4
0.8
0.4

Reference
0.8-2.4
0.5-1.2
0.1-1.7

42190
4383
18568
412

582656
54094
258317
5653

73
9
34
0

1.0
0.8
0.9

Reference
0.4-1.6
0.6-1.4

33296
7857
24399
1

454553
98248
347905
14

51
16
49
0

1.0
0.9
1.3

Reference
0.5-1.7
0.9-2.0

P value1
0.042

0.265

> 0.5

0.175

1

The P for trend (those in unknown categories were excluded). The model used for statistical analysis to obtain the RRs associated with tobacco and alcohol
use was as follows: H = Hs exp(BiXi), where the background hazard, Hs, was stratified by attained age, calendar time, occupation and education, and Xi
denotes categorical variables related to tobacco and alcohol use. Similar models were used in the analysis that produced the results presented in Tables 3-5.

Table 3 Gastric cancer risk in relation to bidi smoking among men

Bidis smoked per day
Never
Former
1-4
5-14
15-24
≥ 25
Unknown
Duration of bidi smoking
Never
1-14
15-29
30-44
≥ 45
Unknown
Age at start of bidi smoking
< 18
18-22
≥ 23
Never
Unknown
Years since quitting bidi smoking
Current smokers
<5
5-9
≥ 10
Never
Unknown

Person-years

Gastric cancer cases

RR

95%CI

441290
70584
40768
131494
105359
67303
43924

35
15
4
20
23
15
4

1.0
1.3
1.0
1.4
1.9
1.7
1.0

Reference
0.7-2.5
0.4-2.8
0.8-2.5
1.1-3.4
0.9-3.2
0.3-2.8

441290
141330
123435
84545
68393
41728

35
10
14
30
23
4

1.0
1.3
1.1
2.0
1.6
1.0

Reference
0.6-2.8
0.6-2.1
1.2-3.5
0.9-3.0
0.4-3.0

64800
172714
109709
441290
41624

14
32
16
35
4

2.0
1.8
1.3
1.0
0.0

1.0-3.9
1.1-2.9
0.7-2.5
Reference

347383
28435
18058
23055
441290
42500

62
6
5
4
35
4

1.0
0.9
1.1
0.6
0.6
0.6

Reference
0.4-2.0
0.5-2.9
0.2-1.7
0.4-1.0
0.2-1.7

P value1
0.012

0.036

0.161

0.424

1

The P for trend (those in unknown category were excluded).

As shown in Table 3, where the results of
more detailed analysis regarding bidi smoking are
summarized, GC risk increased with the number of
bidis smoked daily (P = 0.012) and with the duration
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of bidi smoking (P = 0.036). Those individuals who
started bidi smoking at 22 years old or younger had
an elevated GC risk. The cumulative amount of bidi
smoking was calculated as the product of the number
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Table 4 Gastric cancer risk in relation to cigarette smoking among men

Cigarettes smoked per day
Never
Former
≤ 14
≥ 15
Unknown
Duration of cigarette smoking
Never
1-14
15-29
30-44
≥ 45
Unknown
Age at start of cigarette smoking
< 18
18-22
≥ 23
Never
Unknown
Years since quitting cigarette smoking
Current smoker
<5
5-9
≥ 10
Never
Unknown

Person-years

Gastric cancer cases

RR

95%CI

398841
71488
357740
43325
29327

57
18
36
3
2

1.0
1.4
0.8
0.6
0.6

Reference
0.8-2.3
0.5-1.2
0.2-2.1
0.1-2.5

398841
212691
134583
72749
41727
40129

57
12
14
18
13
2

1.0
0.9
0.8
1.0
0.9
0.4

Reference
0.5-1.8
0.4-1.5
0.6-1.7
0.5-1.8
0.1-1.7

53786
193597
143035
398841
39974

6
20
13
57
2

0.8
0.8
0.7
1.0
0.0

0.3-1.9
0.5-1.4
0.4-1.3
Reference

390298
27180
18804
24089
398841
41508

39
7
6
5
57
2

1.0
2.0
2.4
1.4
1.3
0.5

Reference
0.9-4.3
1.0-5.6
0.5-3.5
0.9-2.0
0.1-2.0

P value1
0.212

> 0.5

> 0.5

0.109

1

The P for trend (those in unknown categories were excluded).

of bidis smoked per day and the number of years of
smoking (bidi-year). GC risk increased with bidi-year (P
= 0.017). The RRs for those individuals with 400-799
and 800+ bidi-years were 1.7 (95%CI: 1.0-2.9) and
1.8 (95%CI: 1.0-33), respectively.
As summarized in Table 4, further analysis regarding
the effect of cigarette smoking and GC risk showed
that the increase in GC risk in former smokers was
more evident among those who had quit smoking
during the 10 years before the survey. The increase in
risk was statistically significant for the group who had
quit smoking 5-9 years before the survey (RR = 2.4;
95%CI: 1.0-5.6). The cumulative amount of cigarette
smoking, which was calculated as the product of the
number of cigarettes smoked daily and the number of
years of smoking, was not associated with GC risk.
Further analysis regarding tobacco chewing showed
no significant association between GC risk and the
amount or duration of the habit (data not shown).
As shown in Table 5, GC risk was not associated
with the amount or duration of alcohol drinking.
We observed elevated RRs for all types of alcoholic
beverages, with the highest RR observed for toddy (RR
= 2.3; 95%CI: 0.7-7.3), followed by arrack (RR = 1.7;
95%CI: 0.9-3.3); however, none of the results were
statistically significant.
Regarding drinking, we did not have sufficient
information to calculate the accurate amount of alcohol
consumed per day for each of a wide variety of alcohol
types. Therefore, we limited the analyses regarding the
amount of alcohol consumption to only arrack drinkers
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because arrack is the most common liquor (with high
alcohol content) among our study population. No
association between arrack drinking and GC risk was
found in our study population. The RRs for former
(n = 862) and current (n = 4139) arrack drinkers
versus never alcohol drinkers were 1.5 (95%CI:
0.5-4.9) and 1.7 (95%CI: 0.9-3.2), respectively. In
the analysis of daily arrack consumption, the RRs for
daily consumption of less than 70 ml per day and
70 ml or more per day were 1.3 (95%CI: 0.3-5.3)
and 1.6 (95%CI: 0.8-3.5), respectively. Although
GC risk increased with the amount of daily arrack
consumption, P for the trend was not statistically
significant (P = 0.098). The cumulative amount of
arrack drinking was calculated as the product of the
amount of daily arrack consumption in ml and the
duration of the habit in years (ml-year). No significant
increase in GC risk was associated with the ml-year of
arrack consumption (P = 0.377).

DISCUSSION
The present study showed that bidi smoking was
associated with a higher risk of GC. GC risk increased
with the increased number of bidis smoked daily (P =
0.012) and with a longer duration of bidi smoking (P
= 0.036). Bidi smoking that started at 22 years old
or younger was shown to be significantly associated
with a higher risk of GC. Cigarette smoking or tobacco
chewing was not significantly associated with GC risk.
Alcohol drinking was not significantly associated with
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Table 5 Gastric cancer risk in relation to alcohol drinking among men

Type of alcohol
Never drinker
Former drinker
Toddy
Arrack
Foreign
Combination
Other
Duration of alcohol consumption
Never
1-14
15-29
30-44
≥ 45
Unknown
Age at start of alcohol drinking
< 25
≥ 25
Never
Unknown

Person-years

Gastric cancer cases

RR

95%CI

P value

454152
98248
10404
60956
63835
209740
3384

51
16
3
12
7
27
0

1.0
0.9
2.3
1.7
1.4
1.2
0.0

Reference
0.5-1.7
0.7-7.3
0.9-3.3
0.6-3.3
0.7-1.9

> 0.51

454553
148811
176222
71460
11079
38596

51
14
19
26
1
5

1.0
1.8
1.0
1.4
0.3
1.3

Reference
1.0-3.3
0.5-1.6
0.9-2.3
0.0-2.5
0.5-3.2

146010
166508
454553
35400

15
29
51
5

1.0
1.6
1.0
1.5

0.5-1.7
1.0-2.6
Reference
0.6-3.7

> 0.52

0.1792

1

The P for heterogeneity; 2the P for trend (those in unknown categories were excluded).

GC risk either.
Three previous Indian studies examined the relation
[11-13]
between bidi smoking and GC risk
. Among them,
two studies (a case-control study and a cohort study)
[12,13]
found no association
. However, the case-control
study compared the risk among current smokers with
[12]
the risk among never smokers and former smokers .
[13]
In the cohort study , we cannot deny the possibility
that non-bidi smokers included a significant number of
cigarette smokers.
In the present study, we did not see an increase
in GC risk in current cigarette smokers; however,
an increase in risk, although non-significant, was
observed among former smokers. Notably, an increase
in GC incidence was observed in those individuals
who had quit smoking during the 10 years before the
survey. The risk of developing GC for those individuals
who stopped smoking less than 5 years before the
survey was 2 times the risk for current smokers (RR
= 2.0; 95%CI: 0.9-4.3), and the RR increased to
2.4 (95%CI: 1.0-5.6) for those individuals who had
stopped smoking between 5-9 years before the survey.
This excess risk could be a result of quitting smoking
due to experiencing symptoms of chronic atrophic
gastritis, intestinal metaplasia or gastro-duodenal
ulcers. The same phenomenon has been mentioned as
the reason for the decrease in the RR estimates often
observed in studies in the highest exposure category
possibly due to a lower tolerance of people suffering
from symptoms such as chronic indigestion due to the
[30]
above-mentioned conditions .
In the present study, GC risk increased among
alcohol drinkers, but the association was not sta
tistically significant. Among the types of alcoholic
beverages used, toddy had the largest RR. However,
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the analysis was based on only three GC cases with
a toddy drinking habit. Three previous Indian casecontrol studies were conducted in Madras, Mumbai
and Trivandrum. None of these studies found a
significant association between alcohol drinking and
[11,12,16]
GC risk
. In the case-control study performed
[11]
by Gajalakshmi et al
in Madras, the estimated
odds ratio (OR) was 0.8 (95%CI: 0.41-1.77) for
the comparison between current and never drinkers
and was 1.4 (95%CI: 0.54-3.40) for ex-drinkers
versus never drinkers. Among the types of alcoholic
beverages used, statistically significant increases in
risk were observed for arrack (OR = 2.6; 95%CI:
1.49-4.40) and foreign liquors (OR = 3.0; 95%CI:
1.49-5.96) but not for toddy (OR = 0.4; 95%CI:
[11]
0.09-2.20) . In this alcohol-type specific analysis, the
values for former drinkers and current drinkers were
combined. The results obtained in the present study
were consistent with those findings except for toddy.
Indeed, the present study showed statistically nonsignificant elevated RRs for arrack drinkers (RR = 1.7)
and foreign liquor drinkers (RR = 1.4).
The association between tobacco chewing and GC
risk has been studied in epidemiological studies from
different regions of India, including Madras, Mumbai,
[11,12,15,16]
Trivandrum and Mizoram
. Among these
studies, only the hospital-based case–control study in
Mizoram found an evident risk increase among tobacco
chewers; this study reported an OR of 2.6 (95%CI:
1.1-4.2) for those individuals chewing tobacco alone
and an OR of 2.0 for those individuals chewing tobacco
[15]
with betel nuts (95%CI: 1.3-5.3) . Although the
cohort study in Mumbai showed an association of GC
risk with smokeless tobacco use, the relation was not
statistically significant, and the observed RR was not
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large (RR = 1.28; 95%CI: 0.68-2.43) .
A recent meta-analysis of 36 studies on socioeconomic
position (SEP) and GC risk cited in PubMed and
EMBASE from 1966 to 2013 observed a significant
increase in GC risk among the lowest SEP categories
[31]
in occupation and education . The present study
showed significant heterogeneity in GC risk among
occupational groups (P = 0.008). Those findings most
likely indicate that SES factors are related to dietary
[32-34]
habits, which are known to be related to GC
.
Helicobacter pylori (H. pylori) infection is the most
important risk factor of GC and is known to trigger a
[35]
consequence of pathological changes leading to GC .
Risk factors such as tobacco use and alcohol drinking
can modify the risk of GC induced by H. pylori. The
evidence showing that tobacco smoking remains a
risk factor among individuals infected with H. pylori
[36]
supports this notion . However, studies in India have
not shown a strong association between GC risk and
H. pylori infection, although its prevalence is high.
The high prevalence of H. pylori infection in India,
despite relatively low GC incidence, is known as the
[37]
Indian enigma . Taken together, in the results of the
present study suggests that bidi smoking increases
the risk of H. pylori-related GC. However, we cannot
deny the possibility that bidi smoking also increases H.
pylori-unrelated GC risk because we do not have any
information on H. pylori infection in the present study
population.
We do not have any information regarding GC
pathology; therefore, we could not distinguish the
intestinal and diffuse types. However, the diffuse type
is considered only weakly related to lifestyle-related
[38]
factors such as smoking and dietary habits . Thus,
the relations between bidi smoking and GC observed
in this study were primarily from the associations with
the intestinal type. However, we cannot tell whether
bidi smoking increased the risk of both subtypes,
although to different magnitudes, or only increased the
risk of the intestinal type.
Another limitation of this study is the lack of data
regarding dietary habits. A case-control study by
[16]
Mathew et al
conducted at Regional Cancer Centre,
Trivandrum, South India, found that GC risk was not
associated with the consumption of dried fish, which
is the primary food item with a high concentration of
salt in our study area. Moreover, the consumption of
dried fish was not common in the study population.
Therefore, we believe that our study results regarding
the association between bidi smoking and GC risk is
unlikely to be substantially affected by salt intake,
which was not considered in the present study.
Mathew et al also found that GC risk was related
to more frequent rice intake (OR = 3.9; 95%CI:
1.6-10.0 for daily users), hot chili consumption (OR
= 7.4; 95%CI: 4.0-13.5) and high-temperature food
use (OR = 7.0; 95%CI: 3.7-12.9). The ORs for hot
chili and high temperature foods are relatively large
in this study, but their CIs are wide. In addition, those
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habits are less common in the study area; therefore,
the percentage of stomach cancer cases related to
those habits is expected to be small although the
ORs are relatively high. Notably, the association of
those factors with bidi smoking is unlikely to be large
enough to be able to explain the association between
bidi smoking and GC completely. However, the weak
associations of cigarette smoking and alcohol drinking
with GC risk may be explained by the associations with
dietary habits. Regarding rice eating, this habit is so
common that everybody eats it; the amount of rice
consumption is unlikely to be strongly associated with
bidi smoking.
To summarize, in the present cohort study, bidi
smoking emerged as a risk factor of GC with a positive
dose-response relation with the number and duration
of bidi smoking.
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METHODS: MEDLINE (PubMed), EMBASE, and The
Cochrane Library were systematically searched through
st
the 1 of March 2015 using a predefined search
strategy.
RESULTS: A total of 20 studies with 323 patients were
included. Most studies were single-arm prospective
studies with fewer than 100 patients. Multiple transanal
access platforms were used, and the laparoscopic
approach was either multi- or single port. The pro
cedure was initiated transanally or transabdominally.
If a simultaneous approach with 2 operating surgeons
was chosen, the operative time was significantly
reduced.
CONCLUSION: TaTME was also associated with better
TME specimens and a longer distal resection margin.
TaTME is thus feasible in expert hands, but the learning
curve and safety profile are not well defined. Longterm follow-up regarding anal function and oncological
outcomes should be performed in the future.
Key words: Laparoscopy; Colorectal surgery; Rectal
cancer; Total mesorectal excision; Transanal total
mesorectal excision; Natural orifice specimen
extraction; Transanal; Transanal minimally invasive
surgery; Reverse total mesorectal excision
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To describe the role of Transanal total mesorectal
excision (TaTME) in minimally invasive rectal cancer
surgery, to examine the differences in patient selection
and in reported surgical techniques and their impacts

WJG|www.wjgnet.com

on postoperative outcomes and to discuss the future of
TaTME.

Core tip: Transanal total mesorectal excision (TaTME) is
a result of recent developments in transanal endoscopic
microsurgery, transanal minimally invasive surgery,
natural orifice specimen extraction, natural orifice
transluminal endoscopic surgery, transanal abdominal
transanal proctosigmoidectomy, and laparoscopic total
mesorectal excision. TaTME is an exciting convergence
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of various existing surgical techniques that represents
the future of rectal cancer surgery. A substantial
number of patients, and especially obese males
with a narrow pelvis, will benefit from this minimally
invasive approach. This systematic review addresses
all aspects of TaTME and discusses the advantages
and disadvantages of this technique. Different surgical
approaches are used, but it is clear that experience
with TaTME is increasing worldwide. Standardization of
the technique and reporting of outcomes is required.
Wolthuis AM, Bislenghi G, de Buck van Overstraeten A,
D’Hoore A. Transanal total mesorectal excision: Towards
standardization of technique. World J Gastroenterol 2015;
21(44): 12686-12695 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i44/12686.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i44.12686

INTRODUCTION
Total mesorectal excision (TME) was first described by
[1]
Heald et al in 1982 and is the gold standard for the
treatment of rectal cancer. This technique results in
larger negative circumferential resection margins, with
subsequent reductions in locoregional recurrence and
[2]
improved oncological outcomes . A minimally invasive
approach to TME has additionally been developed
to optimize postoperative short-term outcomes.
Laparoscopic TME exhibits oncological outcomes
[3-6]
similar to those of open TME
and is also associated
with better postoperative recovery, including lower
[7,8]
postoperative morbidity and shorter hospital stays .
However, a steep learning curve is associated with
laparoscopic TME, making the implementation of this
[9]
technique a long process . The technical challenges
of laparoscopic TME are linked to operating in a
deep and often narrow pelvis, with difficulties in
obtaining adequate exposure. Laparoscopic ultra-low
TME requires substantial retraction, which hampers
visualization of the most distal part of the rectum.
This critical step may lead to both breaches in the
mesorectal fascia and incorrect identification of the
distal resection margin, compromising oncological
outcomes. Moreover, distal rectal transection using
currently available laparoscopic staplers can be difficult.
[10]
A suboptimal angle in the deep bony pelvis
often
requires different staple firings for rectal transection,
and the need for more than 2 linear stapling firings is
associated with increased postoperative morbidity and
[11]
anastomotic leakage . The abovementioned technical
challenges of operating in a confined space result in
considerable rates of conversion from laparoscopic to
[3,4,12-15]
open TME. Conversion rates as high as 34%
have been reported, and these conversions are
linked to increased morbidity and worse oncological
[13,16]
outcomes
. The risk of conversion is higher in
[17]
males and obese patients .
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A recent transanal approach was introduced to
facilitate mobilization of the most distal rectum and to
overcome the inherent shortcomings of laparoscopic
[18,19]
TME
. In particular, transanal TME (TaTME) is
a new minimally invasive procedure that basically
merges different concepts of transanal surgery. TaTME
was developed as a result of combined experience in
[20]
transanal endoscopic microsurgery (TEM) , transanal
[21]
abdominal transanal proctosigmoidectomy (TATA) ,
[22]
transanal minimally invasive surgery (TAMIS) ,
[23]
natural orifice specimen extraction (NOSE) , and
natural orifice transluminal endoscopic surgery
[24,25]
(NOTES)
. However, although TaTME appears to
be an attractive option for improving postoperative
outcomes, the technique has not been extensively
investigated. The aims of this systematic review were
to describe the role of TaTME in minimally invasive
rectal cancer surgery, to examine the differences in
patient selection and in reported surgical techniques
and their impacts on postoperative outcomes and to
discuss the future of TaTME.

MATERIALS AND METHODS
MEDLINE (PubMed), EMBASE, and The Cochrane
Library were systematically searched through the
st
1 of March 2015. Boolean AND/OR operators were
used to combine keywords and subject headings. The
following search criteria were used: (total mesorectal
excision or TME) and (transanal or transanal minimally
invasive surgery or TAMIS or transanal specimen
extraction or natural orifice specimen extraction
or NOSE or natural orifice transluminal endoscopic
surgery or NOTES). Search results were supplemented
with subject headings for Medline. The reference
lists of retrieved articles were also hand searched
for additional publications. Cross-referencing was
continued until no further relevant publications were
identified. Randomized controlled clinical trials as
well as observational cohort studies (excluding case
reports) that described a technique to mobilize the
most distal rectum transanally using endoscopic
instruments were considered for inclusion. Studies
of paediatric surgery were excluded. Studies using
cadaveric and animal series were also excluded. First,
the titles were screened, and appropriate studies
were selected. Second, the full text of these studies
was acquired. There was no language restriction. The
quality of the included studies was assessed using
the Newcastle-Ottawa Scale. This scale assesses
the quality of non-randomized clinical trials and
evaluates patient selection, the comparability of
study groups and outcome assessment. A maximum
[26,27]
of 9 stars can be achieved
. Relevant data
from the included studies were extracted using a
standard fillable form of predefined parameters and
were entered into an Excel database. The following
data were extracted: publication year, study type,
inclusion and exclusion criteria, sample size, patient
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Additional records identified through
hand searching and peer review
(n = 2)

Identification

Records identified through database searching
EMBASE
(n = 305)

MEDLINE (via PubMed)
(n = 1451)

COCHRANE
(n = 24)

Screening

Records after duplicates removed
(n = 138)
Records screened
(n = 1644)

Eligibility assessment

Records excluded
(n = 1511)

Full-text records assessed for
eligibility
(n = 133)

Inclusion

Exclusion based on full text (n = 113)
Off topic (n = 16); Review (n = 7); Case reports (n = 11);
Studies on cadavers or animals (n = 11);
Abstracts (n = 39); Commentaries (n = 13);
Anatomy or technical description (n = 12);
Duplicate publications of the same trial (n = 4)
Records included in final
analysis
(n = 20)

Figure 1 PRISMA flow diagram of the systematic literature review.

characteristics (age, gender, and body mass index
(BMI)), neoadjuvant treatment, tumour characteristics
(clinical stage and distance from anal verge or
dentate line), surgical technique (approach, transanal
platform used, specimen extraction, anastomotic
technique, and defunctioning stoma), and operative
outcomes (duration of surgery, estimated blood loss,
postoperative complications, length of hospital stay,
and follow-up). This systematic review was conducted
[28]
in compliance with the PRISMA guidelines .

RESULTS
The predefined search strategy returned 1644 nonduplicated references (Figure 1). Publication titles
and abstracts were screened, and 133 publications
were retrieved for full-text review. Subsequently, 113
articles were excluded for the following reasons after
a detailed review of the studies: 16 studies were off
topic, 11 studies were case reports, 7 studies were
reviews, 11 studies reported on cadaveric or animal
series, 39 studies were abstracts, 14 studies were
expert commentaries, 11 studies described the surgical
technique or the anatomy involved in TaTME, and 4
studies were duplicate publications of the same clinical
series. The article with the most comprehensive data
was used in the last case. In total, 20 publications with
[29-48]
a total of 323 patients were included
. Seventeen
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studies were prospective studies, 1 study was a casecontrol study, 1 study was a comparative study, and 1
study was a retrospective cohort study.

Patient selection

Only small studies, with fewer than 100 patients, were
found (Table 1). Patients were predominantly male
(male:female = 2:1), with a reported median age of
approximately 65 years. The median BMI ranged from
2
22-31 kg/m . Eighteen of the 20 studies reported the
tumour distance from either the anal verge or the
dentate line. This distance ranged from 0-15 cm, with
reported median distances of between 1.7 and 9.7
cm. Most patients in studies reporting on neoadjuvant
therapy received induction chemoradiotherapy (231
of 296 patients). Patient and/or tumour characteristics
played a role in patient selection. Specifically, patients
[31,43]
were selected according to age (> 18 years old)
,
2
2 [31,33,42]
BMI (BMI > 30 kg/m , BMI < 40 kg/m )
,
or pelvic anatomy (pubococcygeal diameter < 10
[29,33,42]
cm)
; in 15 studies, tumour characteristics
determined patient selection. Here, patients were
selected if they were diagnosed with tumours located
[42]
anteriorly in 1 study , with low (< 5 cm) rectal
[29,30,34,36,39,40,44,45]
cancer in 8 studies
, or with tumours
[31,41,42]
within 12 cm from the anal verge in 3 studies
.
Only T1-T3 tumours, as staged by magnetic resonance
[43]
imaging, were included in 1 study , and tumours that
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Table 1 Types of studies and patient selection for transanal total mesorectal excision
Author, year

Type of study

No. of
patients

Median age (yr)

Gender ratio
(M:F)

Zorron, 2010
Dumont, 2012
de Lacy, 2013

Prospective
Prospective
Prospective

9
4
20

5:4
4:0
11:9

NR
23 (range, 22-25)
25 ± 3.8 (range, 19-33)

4/9
NR
14/20

AV 7.5 (range, 4-12)
AV 5.3 (range, 4-7)
DL 6.5 ± 3.31 (range, 2-15)

Lacy, 2013
Rouanet, 2013

Prospective
Prospective

3
30

63 (range, 52-81)
67 (range, 70-66)
65 ± 10.21
(range, 44-77)
73 (range, 71-75)
65 (range, 43-82)

1:2
30:0

22 (range, 16-25)
26 (range, 21-32)

2/3
29/30

5
20
20
16
37

49 ± 9.81
57 (range, 36-73)
58 ± 10.11
58 (range, 34-81)
65 ± 11.81

3:2
14:6
11:9
6:10
24:13

26 ± 2.3
24 (range 18-41)
25 ± 3
28 (range, 21-38)
24 ± 3.6 (range, 18-31)

2/5
17/20
11/20
Yes
27/37

6
3
56
25

56 (range, 45-65)
80 (range, 76-82)
65 (range, 39-83)
64 (range, 49-86)

5:1
2:1
41:15
18:7

25 (range, 23-28)
NR
27 (range, 20-42)
25 (range, 20-36)

4/6
1/3
47/56
25/25

9.7 (range, 9-10)
AV Low rectum (0-5 cm) 20/30;
Middle rectum (5-10 cm) 10/30;
Upper rectum (10-15 cm) 0/30
AV 5.7 (range, 4-10)
AV 5 (range 1-9)
AV 5.9 ± 1.7 (range, 2-8)
NR
AV Middle rectum 8.1 ± 1.71;
Low rectum 3.5 cm ± 1.21
DL 1.7 (range, 0-3)
AV 4.3 (range, 4-5)
AV 4 (range, 0-5)
AV 8 (range, 0-16)

7
4
5
10
26
17

65 (range, 38-87)
45 (range, 26-59)
53 (range, 38-67)
61 (range 36-70)
66 (range, 38-84)
68 (range, 49-81)

6:1
3:1
4:1
8:2
16:10
11:6

25 (range, 17-32)
31 (range, 21-38)
26 (range, 22-31)
27 (range 22-34)
26 (range, 17-38)
28 (range, 22-32)

NR
3/4
4/5
10/10
19/26
12/17

NR
AV 3.3 (range, 1-4)
AV 5 (range, 4-6)
DL 2.9 ± 1.21
4.4 (range, 3-6)
AV 6 (range, 3-8)

Sylla, 2013
Atallah, 2014
Chen, 2014
Chouillard, 2014
Fernandez-Hevia,
2014
Kneist, 2014
Meng, 2014
Tuech, 2014
Velthuis, 2014

Prospective
Prospective
Prospective
Prospective
Prospective
Comparative
Prospective
Prospective
Prospective
Prospective
Case-Matched
Wolthuis, 2014
Prospective
Atallah, 2015
Retrospective
Gomez Ruiz, 2015 Prospective
Knol, 2015
Prospective
Muratore, 2015
Prospective
Prochazka, 2015
Prospective

Median BMI (kg/m²) Neoadjuvant
therapy

Median distance from AV/DL
(cm)

1

Values reported as the mean ± SD. AV: Anal verge; DL: Dentate line; NR: Not reported; M: Male; F: Female; BMI: Body mass index.

responded well to neoadjuvant therapy were included
[36]
in another study . cT4 tumours were excluded in 4
[33,37,40,45]
[49]
studies
, and Rullier type Ⅱ/Ⅲ tumours were
[40]
excluded in 1 study .

Operative technique

[31,33,40,41,44,46,47]

TaTME was initiated transanally in 7 studies
,
and the abdominal phase was performed first in 7
[29,30,35-37,42,45]
other studies (Table 2)
. TaTME was
performed simultaneously with the presence of
[32,34,38,39,43,48]
laparoscopic and perineal operative teams
.
This simultaneous approach was taken to reduce the
operative time. Seven different transanal access
platforms were used: the GelPOINT Path Transanal
Access Platform (Applied Medical, Inc., Rancho Santa
Margarita, CA, United States), SILS Port (Covidien,
Mansfield, MA, United States), TriPort (Olympus
Medical Europe Holding GmbH, Germany), TEO
proctoscope (Karl Storz, Tuttlingen, Germany), TEM
proctoscope (Richard-Wolf, Knittlingen, Germany),
Endorec Trocar (Aspide Medical, La Talaudiere,
France), and PAT transanal access port (DevelopiahumV, Santander, Spain). The tumour distance, as
measured from the anorectal junction, determined the
type of anastomosis (stapled or hand-sewn) before
insertion of the transanal access platform. Therefore,
the tumour height dictated the type of dissection.
Intersphincteric dissection was required using an
open approach under direct vision if the tumour
was located at the anorectal junction. A Lone Star
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Retractor (Lone Star Medical Products Inc., Houston,
TX, United States) was first inserted. Circumferential
sleeve mucosectomy was then performed at the
dentate line to safeguard the internal sphincter, and
the rectum was closed using a purse-string suture.
In particular, the rectal lumen was occluded with a
purse string if the distal tumour margin (at least 1
cm below the tumour) allowed for a stapled coloanal
anastomosis. Subsequently, the transanal access
platform was placed into the anal muscular cuff, and
insufflation was initiated with CO2 to a pressure of 8-15
mmHg using a conventional CO2 insufflator. The TME
plane was identified in a reverse manner, beginning
at the top of the puborectal muscle. The posterior
TME plane was developed under direct vision using
conventional laparoscopic instruments via incision of
the endopelvic fascia and dissection in front of the
presacral fascia to preserve the mesorectal envelope.
Anterior dissection was performed in the rectovaginal
septum or Denonvilliers’ fascia (rectoprostatic plane)
as cephalad as possible until the pouch of Douglas
could be opened. Lateral dissection involved division
of the middle rectal artery and connection of the
anterior and posterior planes bilaterally. Only one
[31]
study reported pure NOTES TaTME , whereas TaTME
was performed with laparoscopic assistance (Hybrid
TaTME) in most studies. Laparoscopy was performed
[32,34-40,43,44,46,47]
using multiport laparoscopy (3-5 ports)
[31,33,44,45,48]
or single-port access
. The single port was
placed in the future ileostomy site. High ligation
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Simultaneous
No

No or simultaneous

Sylla, 2013
Atallah, 2014

Chen, 2014

No

Simultaneous
Yes

5/25

Yes
No

No

No

Yes

Yes

Meng, 2014
Tuech, 2014

Velthuis, 2014

Wolthuis, 2014
Atallah, 2015

Gomez Ruiz, 2015

Knol, 2015

Muratore, 2015

Prochazka, 2015

Simultaneous

Kneist, 2014

Fernandez-Hevia, 2014

SILS™ Port or GelPOINT path
or Endorec®

SILS™ Port

Transanal access port
proctoscope
GelPOINT Path

GelPOINT Path
GelPOINT Path

SILS™ Port or GelPOINT path

TEM platform
SILS™ Port or GelPOINT path
or Endorec®

SILS™ Port or GelPOINT path

GelPOINT Path

SILS™ Port or GelPOINT path

GelPOINT Path

TEO proctoscope
SILS™ Port or GelPOINT path

GelPOINT Path
TEO proctoscope

GelPOINT Path
GelPOINT Path

TriPort

Transanal platform

No

No

No

No

No
No

No

No
No

No

No

Yes (10/16)

No

No
No

No
No

No
No

No

Pure NOTES

Values reported as the mean ± SD. E-E: End-to-end; NR: Not reported; S-E: Side-to-end.

1

Simultaneous
Not systematically

Lacy, 2013
Rouanet, 2013

Yes

Yes
Simultaneous

Dumont, 2012
de Lacy, 2013

Chouillard, 2014

Yes

Transanal first

Zorron, 2010

Author, year

Table 2 Operative techniques reported for transanal total mesorectal excision

NR

3

4 or 5

4

3
NR

SILS™ Port

5
4 or single port in
future ileostomy site

3-5

4 or 5

GelPOINT

GelPOINT + 1

4 or 5
NR

4
NR

GelPOINT
3.2 ± 0.81 (range, 3-4)

3

Number of
laparoscopic ports

Yes

Yes

8/10

Yes

Yes
Yes

Yes

Yes
NR

Yes

14/37

NR

4/20

Yes
Yes

2/3
Yes

Yes
NR

Yes

Splenic flexure
mobilization

Transanal

Transanal 1;
transabdominal 9
Transanal

Transanal

Transanal
Transabdominal

Transanal

Transabdominal
Transanal

Transanal 36;
transabdominal 1
Transanal

Transanal or
transabdominal
NR

Transanal
Transanal or
transabdominal
Transanal
NR

Transabdominal
Transanal

Transanal 7;
transabdominal 2

Specimen extraction

Hand-sewn straight 2/5,
stapled 3/5
Hand-sewn 3/10,
stapled 7/10
Hand-sewn straight 17/26,
hand-sewn J-pouch 8/26
Hand-sewn

Hand-sewn
Hand-sewn 3/4

Hand-sewn 16/37,
stapled 21/37
Hand-sewn J-pouch 2/6,
hand-sewn E-E 2/6,
hand-sewn S-E 1/6,
stapled J-pouch 1/6
Stapled
Hand-sewn J-pouch 4/56,
hand-sewn S-E 29/56,
hand-sewn straight 13/56
Hand-sewn or stapled

Hand-sewn 1/9,
hand-sewn J-pouch 3/9,
stapled 5/9
Hand-sewn
Hand-sewn 13/20,
stapled 7/20
Stapled
Hand-sewn straight 12/30,
hand-sewn J-pouch 18/30
Hand-sewn
Hand-sewn straight 11/20,
stapled 4/20
Hand-sewn 6/20,
stapled 14/20
Hand-sewn

Anastomosis

Yes

Yes

Yes

Loop ileostomy 19/25,
permanent colostomy 6/25
Yes
Loop ileostomy 3/4,
permanent ileostomy 1/4
Yes

NR
Permanent colostomy 4/56,
loop ileostomy 44/56

Yes

Loop colostomy 12/20,
loop ileostomy 5/20
Loop ileostomy 4/16,
permanent ileostomy 1/16,
permanent colostomy 1/16
32/37

Yes
14/20

2/3
Yes

Yes
16/20

Yes

Defunctioning stoma (loop
ileostomy)
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Table 3 Operative outcomes after transanal total mesorectal excision
Author, year

Median duration of
surgery (min)

Median blood loss
(mL)

Postoperative morbidity

Median length of stay
(d)

Median follow-up
(mo)

NOS

Zorron, 2010
Dumont, 2012
de Lacy, 2013

311 (range, 200-420)
360 (range, 270-460)
234.7 ± 561
(range, 150-325)

96 (range, 20-250)
175 (range, 50-300)
45 ± 151
(range, 10-110)

7 (range, 4-27)
13 (range, 10-21)
6.5 ± 3.11

NR
4.3 (range, 3-9)
NR

3
4
6

Lacy, 2013
Rouanet, 2013

143 (range, 125-155)
304 (range, 120-432)

65 (range, 15-30)
NR

5 (range, 4-5)
14 (range, 9-25)

NR
21 (range, 10-41)

4
6

274.6 ± 85.41

166 (range, 80-300)

5.2 ± 2.61

5.4 ± 2.31

5

243 (range, 140-495)

153 (range 30-500)

4.5 (range, 3-24)

6 (range, 1-24)

6

200.8 ± 47.71

68 ± 1061

8.85 ± 2.51

NR

6

265 (range, 155-440)

225 (range, 50-600)

10 (range, 4-29)

9 (range, 3-29)

6

215 ± 601
(range, 120-360)

NR

6 (range, 3-17)

NR

8

Kneist, 2014
Meng, 2014
Tuech, 2014

NR
NR
270 (range, 150-495)

NR
NR
NR

NR
NR
10 (range, 6-21)

NR
NR
29 (range, 18-52)

3
2
6

Velthuis, 2014
Wolthuis, 2014
Atallah, 2015

NR
148 (range, 85-250)
376 (range, 40-409)

NR
49 (range, 0-150)
200 (range, 50-300)

NR
9 (range, 3-14)
4 (range, 4-5)

NR
6 (range, 2-14)
9 (range, 6-12)

8
6
4

Gomez Ruiz, 2015
Knol, 2015
Muratore, 2015
Prochazka, 2015

375 (range, 270-450)
235 (range, 150-290)
241 (range, 150-360)
280 (range, 212-375)

76 (range, 25-120)
220 (range, 65-480)
NR
200 (range, 40-900)

Anastomotic leakage 1/9
Anastomotic leakage 1/4
Urinary retention 2/20,
POI 1/20,
high-output ileostomy 1/20
High-output ileostomy 1/3
POI 2/30, transient urinary
dysfunction 2/30
POI 1/5, transient urinary
dysfunction 2/5
SSI 2/20, Pelvic abscess
4/20, POI 4/20, Anastomotic
leakage 1/20
Urinary retention 3/20,
pelvic abscess 2/20
SBO 2/14,
pelvic abscess 1/16
Anastomotic leakage 2/37,
haemorrhage 1/37, urinary
retention 1/37, POI 4/37
NR
No
Anastomotic leakage 3/56,
pelvic sepsis 3/56, transient
urinary dysfunction 5/56
NR
Pelvic haematoma 1/7
High-output ileostomy 1/20,
SSI 1/20
Anastomotic leakage 1/5
POI 1/10
Urinary retention 1/26
Anastomotic leakage 2/17,
POI 2/17, UTI 1/17, SSI 1/17

6 (range, 5-7)
6 (range, 5-9)
7 (range 3-25)
9 (range, 6-30)

NR
NR
18 (range, 16-30)
NR

4
4
6
4

Sylla, 2013
Atallah, 2014

Chen, 2014
Chouillard, 2014
Fernandez-Hevia,
2014

1

Values reported as the mean ± SD. NR: Not reported; POI: Postoperative ileus; SBO: Small-bowel obstruction; SSI: Surgical site infection; UTI: Urinary tract
infection.

of the inferior mesenteric artery and vein was
performed. In 12 studies, after full mobilization of
the left and sigmoid colon and connection to the TME
plane were performed, the specimen was extracted
[32,34-36,38,40,41,43-47]
transanally
. This extraction was
only performed if the specimen was not too bulky.
Adequate length was obtained via mobilization of the
splenic flexure. Nine studies described hand-sewn
[30,31,33,40-44,46]
coloanal anastomoses
, and only stapled
[38,39]
anastomoses were performed in 2 studies
.
Both hand-sewn and stapled coloanal anastomoses
[29,32,34-37,45,47,48]
were created in another 9 studies
.
Additionally, a diverting-loop stoma (loop ileostomy or
loop colostomy) was created in nearly every case.

Outcomes

The median total surgery duration ranged from
143-375 min (Table 3). This time included the
transabdominal and transanal operative times. The
operative times were significantly reduced when TaTME
was performed using a 2-team approach compared
[34]
with laparoscopic TME . The reported median blood
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loss ranged from 45-225 mL. Overall, rendezvous
was not possible using laparoscopy in 9 patients,
so conversion to laparotomy was performed. The
reasons for conversion included small-bowel adhesions
[44,46]
(3 patients)
, obesity (2 patients: 1 male and 1
[44]
[42]
female) , a posteriorly fixed tumour (2 patients) , a
[47]
bulky tumour (1 patient) , and uncontrolled bleeding
[48]
from the presacral plane (1 patient) . Seventeen
studies also reported postoperative morbidity. The
anastomotic leak rate in the included studies was
calculated to be 3.8%. There were also 3.4% pelvic
abscesses. Other postoperative complications noted in
the studies were (prolonged) postoperative ileus (15
[29,32,34,37,41-43]
patients)
, transient urinary dysfunction (9
[42-44]
[32,34,40,48]
patients)
, urinary retention (7 patients)
,
[29,30,41]
surgical site infection (4 patients)
, high-output
[30,32,38]
ileostomy (3 patients)
, adhesive small-bowel
[31]
obstruction (2 patients) , haemorrhage/pelvic
[34,46]
haematoma (2 patients)
, and urinary tract
[41]
infection (1 patient) . The median length of hospital
stay ranged from 4-14 d, and there was no 30-day
mortality.
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DISCUSSION
This systematic review of TaTME for rectal cancer
demonstrated that TaTME is feasible in select patients.
The abdominoperineal rectum amputation rate is
approximately 21% for low rectal cancer, but most
patients are candidates for reconstruction after TME
[49]
to avoid permanent colostomy . Acceptance of a
[50]
shorter distal resection margin (1 cm) , an increased
[51]
interval after neoadjuvant chemoradiotherapy
and
(partial) intersphincteric dissection increase the rates
of sphincter-saving surgery in patients with distal rectal
[49]
cancer . The recent introduction of TaTME suggests
that every patient who is selected for sphincter-saving
surgery would undergo a minimally invasive approach,
without conversion to laparotomy. This review clearly
demonstrated that TaTME is currently performed in
a non-standardized manner, which reflects surgeons
exploring the technical boundaries of ultra-low rectal
cancer surgery. Heterogeneity in patient selection
and operative techniques leads to differences in
surgical, oncological, and functional outcomes, which
in turn hinder inter-study comparisons. Operative
techniques specifically differed among studies in
the present analysis, with use of different numbers
of ports, different transanal platforms and different
methods of performing TaTME. The procedure can
be initiated either transabdominally or transanally,
and the extent of dissection from either side can be
tailored to each individual patient. The additional use
of Airseal technology leads to a stable workspace
(pneumopelvis), which avoids any “flapping” of the
[52]
specimen and facilitates pneumodissection .
TaTME has certain advantages over laparoscopic
TME, but there are still issues that must be addressed.
TaTME is advocated in the case of a narrow male
pelvis, so most studies have selected male patients.
Only a few studies considered BMI or pelvic anatomy
for patient selection. Less than half of the studies
included here exclusively selected low (i.e., < 5
cm from the anal verge) rectal tumours for TaTME.
TaTME is an attractive alternative to laparoscopic TME
because of several benefits, including determination
of the distal resection margin, creation of a single
stapled anastomosis, and avoidance of abdominal wall
incision for specimen retrieval. If TaTME is first initiated
in the transanal phase, then the distal resection
margin and the level of the future anastomosis can
be chosen under direct vision. A significantly longer
distal resection margin has been reported using
TaTME compared with conventional laparoscopic
[34]
[45]
TME . TaTME also results in better TME specimens .
Furthermore, this review demonstrated that a handsewn anastomosis was performed in approximately
half of the studies, which may reflect the selection
of patients with ultra-low rectal cancers. A stapled
coloanal anastomosis using the double purse-string
technique results in a single stapled anastomosis.
This technique may eventually lead to a decreased
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anastomotic leak rate, but whether this technique
improves functional outcomes is not clear. Moreover,
TaTME will ultimately be performed as a pure NOTES
procedure, which may be its greatest advantage. In
this way, the diseased target organ can be reached
transanally, so future developments should focus on
pure NOTES TaTME. If laparoscopy can be omitted in
this setting, then true NOTES may become possible
in a consecutive series of patients. Mobilization and
extraction of the specimen can presently be performed
via the anus if the splenic flexure is mobilized using
laparoscopic assistance. Therefore, TaTME is a NOSE
technique that shares all of the advantages of NOSE.
The avoidance of abdominal wall incision that is
tailored to specimen and tumour sizes is important
because the extraction site carries a morbidity risk.
A wound infection rate of 9% has been documented,
albeit generally, with only local septic complications
[53]
in particular . This review demonstrated that
specimens were extracted transanally in 12 studies.
Differences between transanal NOSE techniques
involving laparoscopic TME using the anus as the
extraction site and techniques involving transanal TME
in the literature must be highlighted. Both procedures
are transanal NOSE techniques, but transanal TME
is performed in a reverse manner. TaTME may offer
several advantages over laparoscopic and open TME,
but it also has limitations. One major perioperative
complication that is specific to TaTME is urethral injury.
[42]
For example, Rouanet et al
described two urethral
injuries that were sutured transanally. Moreover, the
impact of TaTME on the anal sphincter is not known,
and therefore, functional outcomes after TaTME are of
interest. Additionally, this technique is in its infancy,
so the learning curve is ill defined. Further prospective
studies will therefore be required to describe the safety
profile of and learning curve for TaTME. However, it
is clear that a reverse approach to the mesorectum
forces surgeons to recognize new anatomical
landmarks and to perform the fundamental steps of
[54,55]
TaTME
. Most studies have only reported shortterm outcomes, which reflects the novelty of TaTME.
Whether this new approach exhibits similar oncological
outcomes in terms of local recurrence, diseasefree survival and cancer-specific survival will require
further study in prospective trials that compare TaTME
with conventional laparoscopic or robotic TME over
substantial follow-up periods.
In conclusion, this state-of-the-art narrative review
presents recent developments in the TaTME technique.
The technical possibilities and shortcomings of TaTME
are also described. A new era of further optimization of
distal rectal cancer surgery has dawned: standardization
of surgical technique and implementation in daily
practice are the steps required to take TaTME to the
next level. In addition, large prospective studies
should focus on safety and functional and oncological
outcomes, and the presumed benefits of TaTME must
be studied in controlled trials.
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Abstract
AIM: To review applications of confocal laser
endomicroscopy (CLE) in pancreatobiliary lesions and
studies that assessed training and interpretation of
images.
METHODS: A computerized literature search was
performed using OVID MEDLINE, EMBASE, Cochrane
library, and the ISI Web of Knowledge from 1980 to
October 2014. We also searched abstracts from major
meetings that included the Digestive Disease Week,
Canadian Digestive Disease Week and the United
European Gastroenterology Week using a combination
of controlled vocabulary and text words related to
pCLE, confocal, endomicroscopy, probe-based confocal
laser endomicroscopy, and bile duct to identify reports
of trials. In addition, recursive searches and crossreferencing was performed, and manual searches
of articles identified after the initial search was also
completed. We included fully published articles and
those in abstract form. Given the relatively recent
introduction of CLE we included randomized trials and
cohort studies.
RESULTS: In the evaluation of indeterminate
pancreatobiliary strictures CLE with ERCP compared to
ERCP alone can increase the detection of cancerous
strictures with a sensitivity of (98% vs 45%) and
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has a negative predictive value (97% vs 69%),
but decreased the specificity (67% vs 100%) and
the positive predictive value (71% vs 100%) when
compared to index pathology. Modifications in the
classification systems in indeterminate biliary strictures
have increased the specificity of pCLE from 67% to
73%. In pancreatic cystic lesions there is a need to
develop similar systems to interpret and characterize
lesions based on CLE images obtained. The presence
of superficial vascular network predicts serous
cystadenomas accurately. Also training in acquiring and
interpretation of images is feasible in those without any
prior knowledge in CLE in a relatively simple manner
and computer-aided diagnosis software is a promising
innovation.
CONCLUSION: The role of pCLE in the evaluation of
pancreatobiliary disorders might be better suited for
those with an intermediate and low probability.
Key words: probe based confocal laser endomicroscopy;
Confocal; Endomicroscopy; Probe-based confocal laser
endomicroscopy; Bile duct; Pancreatobiliary; Stricture;
Endoscopic retrograde cholangiopancreatography;
Cholangioscopy; Endoscopic ultrasound; Systematic
review
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Current endoscopic evaluation of biliary and
pancreatic duct strictures and pancreatic lesions using
standard methods are suboptimal. Confocal laser
endomicroscopy (CLE) is starting to establish a role in
such cases with multiple studies suggesting that image
interpretation is not as difficult as initially perceived.
Furthermore the diagnostic discriminatory value of
images obtained by CLE could decrease the need for
repeated and invasive investigations, as the case in the
serous cystadenomas. Although classification systems
have been developed and improved with regards to
the performance of CLE in biliary strictures they are
still evolving for pancreatic lesions and require further
validation.
Almadi MA, Neumann H. Probe based confocal laser
endomicroscopy of the pancreatobiliary system. World J
Gastroenterol 2015; 21(44): 12696-12708 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i44/12696.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i44.12696

yield of these tests is still suboptimal with regards
to pancreatobiliary disorders, mainly biliary and
pancreatic duct strictures as well as pancreatic cystic
or solid lesions. The applications of confocal laser
endomicroscopy (CLE) have expanded beyond luminal
applications to direct tissue imaging including the
[1]
[2]
pancreas and the liver . Thus, CLE has permitted
real time in-vivo histological evaluation of areas of
suspected neoplasia. With this new technology it has
become possible to detect neoplasia and subsequently
acquiring targeted biopsies as well as the confirmation
of non-diseased tissue and the decreased need of
[3]
random biopsies .
In CLE a low-power laser light is focused on a
single point in a microscopic field of view. The light
emanating from that point is focused through a pinhole
to a detector and thus the point of illumination and
the pinhole are focused onto the same point and are
[4]
said to be ‘‘confocal’’ with each other , this process
decreases the effect of scattered light thus permitting
a higher spatial resolution. The beam focused spot
traverses a line rapidly from left to right, and is swept
top to bottom that would cover the area of interest and
then the detected signal is digitized, resulting in the
construction of a two-dimensional grey-scale image
(Supplement figure 1).
As the experience with CLE is relatively new we
sought to systematically review the literature for the
available evidence with regards to the benefits of
CLE in patients with pancreatobiliary disorders not
overlooking abstracts at major congresses.

MATERIALS AND METHODS
A computerized literature search was performed using
OVID MEDLINE, EMBASE, Cochrane library, and the
ISI Web of Knowledge from 1980 to October 2014.
We also searched abstracts from major meetings
that included the Digestive Disease Week, Canadian
Digestive Disease Week and the United European
Gastroenterology Week. We used a combination of
controlled vocabulary and text words related to pCLE,
confocal, endomicroscopy, probe-based confocal laser
endomicroscopy, and bile duct to identify reports of
trials (Appendix 1). In addition, recursive searches
and cross-referencing were performed, and manual
searches of articles identified after the initial search
was also completed.

Study selection

INTRODUCTION
Despite the technological developments in the field
of imaging as well as available options for endoscopic
evaluation whether through endoscopic retrograde
cholangiopancreatography (ERCP), cholangioscopy,
or endoscopic ultrasound (EUS) the diagnostic
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We included all clinical studies, both fully published
and those to date having appeared only in abstract
form that assessed the use of probe based CLE
(pCLE) whether it was used through a needle (nCLE),
for pancreatic lesions, or through a cholangioscope
or catheter for the evaluation of pancreatobiliary
disorders. We included all adult human studies
published in any language.
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Table 1 Interpretation of findings on confocal endomicrosopy and findings on confocal laser endomicroscopy for specific pancreatic
lesions
Findings on CLE

Interpretation

Normal
Reticular pattern seen in normal tissue and smaller than blood vessels[6]
Thick white bands[52]
Reticular arrangement of dark-gray bands on a light-gray background and normal vessels
(thin and regular) and no visible glands[9]
Black clumps[69]
Large white streaks/bands[69]
Loss of mucosal architecture[6,69]
Multiple thin white bands[15]
Thin dark bands forming a reticular pattern (diameter < 20 μm)
Thin white bands (diameter < 20 μm)
Light grey background
Abnormal
Thick collagen bundles
Thick white bands (diameter > 20 μm)
Multiple white bands
Dark clumps and epithelium
Type of pancreatic lesion
Exocrine adenocarcinomas

Tumors with acini cells and neuroendocrine tumors
Serous cystadenoma

Intraductal papillary mucinous neoplasm
Mucinous cystadenoma neoplasm

Lymphatics
Angiogenesis
Normal common bile duct chorion
Areas of decreased fluorescein uptake
Dilated, tortuous blood vessels
Fibrosis
Vascular congestion
Submucosal collagen network
Small caliber blood vessels
Lymphatic sinuses
Desmoplasia (growth of fibrous and connective tissue)
Malignant bile duct stricture
Inflammatory bile duct stricture
Malignancy
Characteristics on nCLE
Dark cells aggregates with pseudo-glandular aspects
Straight hyperdense elements more or less thick
corresponding to tumoral fibrosis
Very dense network of small vessels on a dark background
Highly dense and dynamic network of blood capillaries,
present in the superficial layer of the cyst wall, superficial
vascular network, (pathognomonic)
Papillae characterized by two epithelial borders
surrounding a bright vascular flow
An epithelial border lined the cyst wall, with or without
deep blood vessels, and without papillary organization

CLE: confocal laser endomicroscopy; nCLE: Needle CLE.

RESULTS
Contrast agent used in pancreatobiliary CLE

To enhance the image quality of CLE certain contrast
agents are used. Intravenous fluorescein sodium in a
concentration of 10% is the most widely used contrast
agent in CLE, a portion of it is bound to albumin while
the remainder diffuses into the capillaries and causes
[5]
enhancement of the extracellular matrix of tissue .
The use of fluorescein has been found safe with only
mild adverse events in 1.4% of 2272 procedures
[3]
performed , these included nausea/vomiting,
transient hypotension without shock, injection site
erythema, diffuse rash and mild epigastric pain.
Fluorescein is usually administered about 2 to 3 min
[6]
prior to acquiring images .

Technical aspects

Confocal miniprobes used in pancreatobiliary
disorders: The CholangioFlex miniprobe (Mauna Kea
Technologies, Paris, France) is usually used for confocal
imaging of the pancreatobiliarysystem. The probe
requires a working channel of at least 1.2 mm and
has a working length of 4 m. Lateral resolution of the
probe is 3.5 µm with a field of view of 325 µm.
For cystic or mass lesions, the nCLE system
(Mauna Kea Technologies, Paris, France) is used. The
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miniprobe is passed through a 19-gauge needle and
has a lateral resolution of 3.5 µm and a field of view of
300 µm.

Interpretation of the findings of CLE

The initial evaluation of pancreatic cells in ex-vivo
animal studies suggested that microvessel structures
and connective tissue structure were better visualized
[7]
by CLE when compared to conventional histology and
CLE images have also been correlated very well with
[8]
histology in animal models . The findings on CLE and
there interpretation are displayed in (Table 1) (Figure
1), of note during the imaging of the biliary system
due to the depth of penetration of the CLE probe the
normal mucosa of the CBD, that is very thin, cannot
[9]
be seen on CLE images that are obtained . One of
the key features of neoplastic lesions is disorganized
[10]
angiogenesis .

Classification systems

The Miami classification was an attempt to identify
as well as standardize the interpretation of finding on
pCLE of the biliary system in cases on indeterminate
[11,12]
biliary strictures
. The highest sensitivity was
found when there was the combination of thick white
bands or dark clumps or epithelial structures, with
[11]
a sensitivity of 94% and specificity of 46% . While
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vascular congestion, dark granular patterns with
scales, increased inter-glandular space, and thickened
[15]
reticular structure . In a validation study for the Paris
classification it was found to increase the specificity
to 73% compared to 67% when using the Miami
[16]
criteria , a similar finding was obtained in a second
[17]
study .
[18]
Giovannini et al
attempted to identify CLE
findings for EUS nCLE in patients in pancreatic lesions
whether they were cystic or solid as well as lymph
nodes in the celiac area and mediastinum. Although
the number of cases in that series was small (11 cases
in total), nonetheless the authors found that in benign
intraductal papillary mucinous neoplasms (IPMNs)
there were finger-like projections corresponding to
the villous changes seen in IPMN (Figure 2) while
in pancreatic adenocarcinomas, there was vascular
leakage with irregular vessels and leakage of
fluorescein into the tumor as well as large dark clumps
[18]
that corresponds to humps of malignant cells . The in
vivo nCLE study in the pancreas with endosonography
of cystic tumors (INSPECT) group had also attempted
to develop image criteria and a classification of nCLE
[19]
findings in pancreatic cysts . All these proposed
criteria will require further validation in future studies.

A

20 mm

B

20 mm

C

Learning the technique and interpretation of images
[20]

20 mm

Figure 1 confocal laser endomicroscopy images for a normal bile duct.
A: Reticular network of thin dark branching bands (< 20 μm); B: Light grey
background; C: Normal blood vessels (< 20 μm).

the highest specificity was found when there was a
combination of white bands or thick white bands or
fluorescein leakage or dark clumps, with a sensitivity
[11]
of 61% and a specificity of 100% .
The interobserver agreement on the findings of
pCLE was found to be poor to fair when evaluating
videos sent to 6 observers in 5 centers even when the
Miami classification was used to standardize image
[13]
interpretation .
[12,14]
A refinement of the Miami classification
, was
[15]
recently made and was coined the Paris classification .
The aim of the Paris classification was to decrease
the number of false positive results when evaluating
indeterminate strictures of the biliary system as
in inflammatory strictures. Sixty cases from a pro
spective registry were reviewed and four criteria
for benign inflammatory strictures were described:
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In one recent study by Meining et al the investigators
that performed the procedures had no prior experience
with the use or interpretation of pCLE, except for one.
Each endoscopist had to complete a standard training
module of 20 pCLE videos and then had to complete a
review of another 20 pCLE video cases and provide a
correct diagnosis of benign versus malignant in each
[20]
video with a minimum score of 90% .
Furthermore, when comparing the first 45 cases of
the same cohort to the remainder of cases there was
an increase in the specificity of the diagnosis reached
by the endoscopists from 55% to 71%, but this did
[20]
not reach statistical significance . Ease of obtaining
pCLE video sequences and image interpretation
slightly improved but the ease of tissue sampling was
[20]
the same . Although these results are encouraging
it should be noted that the endoscopists were not
blinded to the pre-procedure evaluation and these
results might be biased but at the same time they do
represent real-life experience.
A study involving gastroenterology fellows with
no prior experience with pCLE underwent training
with a set of ten video images that were repeated till
the trainees were comfortable then they were asked
to interpret 20 videos per week over three weeks,
at the last session the accuracy by all beginners
was 83% with an interobserver agreement of 0.63
[21]
which is substantial . This study is encouraging
with regards to the interpretation of images obtained
but does not address the point of the technical skills
required for obtaining these images. Another study
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A

Columnar
epithelium

20 mm

Vascular
core

20 mm

B

10-20 microns
TM

Orientation of the AQ-Flex

10-20 microns

19

Very thin epithelium

Fibrous tissue
(no ovarian-type stroma)

Necklace of subepithelial

C

Superficial vascular
network (SVN)
Vessels in white with
blood cells in black

20 mm

Figure 2 wall of the intraductal papillary mucinous neoplasms is composed of villous structures consisting of columnar epithelium and a vascular core
(A); Histological specimen of a serous cystadenoma that is composed of a thin epithelium lining and underlying fibrous tissue and is characterized by the
presence of a necklace of subepithelial vessels all around the cyst (B); confocal laser endomicroscopy image of a serous cystadenoma (C).
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involving five practicing gastroenterologists and
the majority with less than 10 cases of experience
with pCLE demonstrated that when receiving formal
training by an expert (experience with more than 50
procedures) with educational videos pre- and posttraining improved the diagnostic accuracy as well as
[22]
the interobserver agreement .
A computer-aided diagnosis software (Smart
Atlas; Mauna Kea Technologies, Paris, France) that
assist endoscopists interpreting pCLE sequences
and automatically discriminates between benign and
[23]
malignant strictures
as well as cystic lesions of the
[24]
pancreas . Preliminary results of the performance
characteristics of this software are encouraging and
the results of prospective trials evaluating the new
technique are highly anticipated.

Application in different organs and diseases

nCLE of solid and cystic pancreatic lesions: A
number of studies reported the use of nCLE in-vivo
[25-27]
for pancreatic lesions
. A feasibility study on the
use of nCLE through a 19-gauge needle inserted
into pancreatic lesions, mainly cysts, was technically
successful in the majority of the cases (17/18 cases)
and the image quality was good to very good in 10/18
cases. Two patients in the study cohort developed
[1]
pancreatitis . To overcome this an investigational
prototype pCLE (AQFlex) has been developed that is
compatible with a 19-gauge FNA needle The probe was
used through a transgastric as well as a transduodenal
approach for a total of 66 patients with cystic lesions
[28]
in the pancreas . In this series the 2 patients had
pancreatitis while one developed transient abdominal
pain, and three developed intracystic bleeding without
[28]
need for any intervention . Also in the DETECT
study the use of nCLE alone had a sensitivity of
75% in differentiating mucinous from non-mucinous
cysts while when combined with cystoscopy it had a
[29]
sensitivity of 100% . Although the procedure is safe
and feasible, standard criteria for interpretation of
[27]
obtained images are still to be established , some
characteristics of pancreatic lesions are displayed in
table 1. Preliminary data from the Clinical evaluation
Of nCLE in The lymph nodes Along with masses
and Cystic Tumors of the pancreas (CONTACT)
demonstrated that the normal pancreatic tissue had
an image resembling “coffee beans”, histologically
corresponding to acini. Exocrine adenocarcinomas
had two signs on nCLE; (1) dark cells aggregates with
pseudo-glandular aspects; and (2) straight hyperdense
elements more or less thick corresponding to tumoral
fibrosis. Both these signs were absent in tumors with
acinarcells and neuroendocrine tumors, instead these
tumors demonstrated a very dense network of small
[30]
vessels on a dark background . The same study
[31,32]
described findings in cystic lesions of the pancreas
.
One particular finding is that serous cystadenomas
have a superficial vascular network, which can be
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highlighted by nCLE (Figure 2). The specificity and
positive predictive value (PPV) of this sign was found in
a preliminary series to be 100%. This is of importance
[33,34]
as its presence could avoid unnecessary surgery
.

Pancreatic duct strictures

The first case report of the use of pCLE in the
[35]
pancreatic duct was by Meining et al
in 2009.
Evaluation of pancreatic duct strictures involves
[35]
insertion of the pCLE through a cholangioscope .
A case series of 5 patients who had pancreatic
duct strictures underwent pCLE during ERCP and
the findings were compared to cytology and when
available histology. pCLE was able to identify main
duct intraductal papillary mucinous neoplasm with
severe dysplasia and adenocarcinoma as well as
[36]
benign strictures accurately . A second series
similarly identified IPMN with dysplasia but in this
series two pancreatic duct strictures had positive
Miami classification criteria although on histology they
[37]
were proven to be inflammatory . Another case
series of 18 patients with indeterminate pancreatic
duct strictures demonstrate almost perfect agreement
between cyto/histopathology and pCLE (kappa
[38]
coefficient = 0.8, p ≤ 0.001) .

Molecular imaging of the pancreas

[39]

In a pilot study by Nakai et al
in vivo detection of
epidermal growth factor receptor (EGF-R) and survivin
were possible using a EUS-guided fine needle imaging
technique that incorporated nCLE after injection of
FITC-labeled specific antibodies against EGF-R and
survivin. The EGF-R antibodies were localized to
ductal-lining cells and many acinar cells while survivin
[39]
was confined to acinar cells .

Ampullary lesions
[40]

Bakhru et al
assessed the interobserver agreement
for five variables for 12 pCLE videos these variables
were the presence of an epithelial outer border
with irregular thickness, dark epithelium without
discernable individual cells, heterogeneously dis
tributed elongated crypts, reduced number of goblet
cells, neovascularization, and the final diagnosis.
The study included 6 gastroenterologists from five
centers and the interobserver agreement was poor to
slight for all variables except for the presence of an
epithelial outer border with irregular thickness that
[40]
was fair . The results did not differ much when the
gastroenterologists were stratified by their level of
[40]
experience .

Biliary strictures

The evaluation of biliary strictures, whether in the
context of primary sclerosing cholangitis (PSC)
or not, can be a challenge for clinicians, and the
current approaches suffer from a low sensitivity. The
application of pCLE for the differentiation between
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A

B
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D

C

20 mm

20 mm

Figure 3 Features of malignant bile duct strictures on confocal laser endomicroscopy. A: Thick white bands (> 20 μm); B: Thick dark bands (> 40 μm); C:
Epithelium; D: Dark clumps.

neoplastic and non-neoplastic strictures have yielded
[41,42]
very promising results
(Figure 3). The advantage
of pCLE is its higher sensitivity in the detection of
neoplastic lesions and an earlier detection of disease
[15]
at a potentially resectable stage . Furthermore,
the more confident the diagnosis the lesser the need
for repeated investigations and thus reducing the
costs as well as morbidity associated with repeated
[15]
manipulation of the biliary system . The performance
characteristics of CLE in pancreatobiliary strictures are
displayed in Table 2 as well as in specific organs in
supplement table 1.
Different probes have been used for pCLE of
the biliary system, GastroFlex (UHD; Mauna Kea
[43]
Technologies, Paris, France) miniprobe
and
CholangioFlex probes. The drawback of the GastroFlex
probe is its larger diameter and thus it might be
difficult to negotiate through strictures although a
case series demonstrated successful insertion of this
probe in 10/11 patients with various indications for
pCLE with one patient developing pancreatitis after the
procedure. Although the GastroFlex probe has a higher
lateral resolution when compared to the CholangioFlex
[44]
probe (1 µm vs 3.5 µm) there is no clear advantage
[45]
of the use of one over the other .
The pCLE probe has been delivered successfully
[20,46]
through various cholangioscopes as well as catheters
.
When using a cholangioscope pCLE had a sensitivity
of 96% (95%CI: 84% to 100%) and a specificity
of 76% (95%CI: 53% to 91%), while when using a
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catheter the sensitivity was 100% (95%CI: 83% to
100%) and the specificity was 62% (95%CI: 45%
[46]
to 78%)
but there was no statistical difference in
[46]
the accuracy between these delivery techniques
but the operators confidence about the diagnosis
was much higher when using cholangioscopy when
compared to a catheter based approach for pCLE of
[46]
biliary strictures (43.2% vs 9.8%, respectively) . In
a randomized trial for comparison between catheterguided (Fluoroscopy only) pCLE and cholangioscopyguided pCLE the accuracy of cholangioscopy-guided
pCLE was 82% compared to 78% for catheter-guided
pCLE. Of note, the sample size of the study was
[47]
small .
The addition of pCLE with ERCP in the evaluation of
indeterminate pancreatobilary strictures can increase
[9,48]
the detection of cancerous strictures
with a
sensitivity of (98% vs 45%) and a negative predictive
value (NPV) (97% vs 69%), although it decreased
the specificity (67% vs 100%) and the PPV (71% vs
[48]
100%) when compared to index pathology . Similar
[6,37,42,49-54]
findings were found in other studies
.
Although conventionally the use of pCLE for the
evaluation of biliary strictures is through a side viewing
duodenoscope, a case series showed pCLE through
direct peroral cholangioscopy in 22 out of 24 patients
[54]
with biliary strictures . An interesting approach for
this case series is that they classified patients based
on the pre pCLE evaluation for the probability of a
malignant etiology for biliary stricture into a range
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Table 2 Performance of characteristics of findings on confocal laser endomicroscopy for pancreatobiliary strictures
Criterion

Author and the description of the examined area

Meining et al[41,53]
Malignant biliary strictures Loss of reticular pattern of epithelial bands of less than 20 μm
Irregular epithelial lining, villi, or gland-like structures
Tortuous, dilated, and saccular vessels with inconsistent
branching
Presence of “black areas” of more than 60 to 80 μm (focally
decreased uptake of fluorescein)
Meining et al[20]
Suggestive of
Thick, dark bands (> 40 μm)
Thick, white bands (> 20 μm)
malignancy
Dark clumps
Epithelium visualized (villi, glands)
Fluorescein leakage
Suggestive of
Thin, dark (branching) bands
Thin, white bands
benign strictures
Meining et al[14]
Normal bile ducts
Reticular network of thin dark branching bands (< 20 μm)
Light gray background
Vessels < 20 μm
Malignant biliary strictures
Thick white bands (> 20 μm)
Thick dark bands (> 40 μm),
Dark clumps
Epithelial structures
Normal vessels (thin and regular)
No visible glands
Giovannini et al[18]
Benign IPMN
Finger-like projections corresponding to villous changes of
intestinal IPMN type
Pancreatic adenocarcinoma
Vascular leakage with irregular vessels with leakage of
fluorescein into the tumor
Large dark clumps which correspond to humps of malignant
cells
Benign Lymph nodes
Diffuse small cells into a homogeneous stroma with normal
vascularization
Malignant lymph nodes
Glandular structures with dark cells, large dark clumps and neovascularization with huge leakage of fluorescein
Filoche et al[56]
Benign inflammatory
Vascular congestion but still regular
Roughness aspect
strictures of the common
Increased inter-glandular space
bile duct
Thickened reticular structure
Caillol et al[15]
Inflammatory stenosis
Multiple thin white bands (Vascular congestion)
Roughness aspect
Increased inter-glandular space
Thickened reticular structure

Sensitivity

Specificity

PPV

NPV

83%

88%

NR

NR

98%

67%

71%

97%

97%

33%

80%

80%

NR

NR

NR

NR

NR

NR

NR

NR

96.3%

63.6%

68.4%

95.5%

IPMNs: intraductal papillary mucinous neoplasms; NR: Not reported; PPV: positive predictive value; NPV: Negative predictive value.

from very unlikely to certainly based on the clinical
[54]
evaluation as well as imaging , pCLE was found to be
complementary to peroral cholangioscopy and ERCP in
cases where a malignant etiology was suspected and
did not effect the management decision but it might
be sufficient for confirmation of a malignant etiology
[54]
when tissue acquisition is not required .
The use of pCLE in hilar strictures has also been
proven to be of use in a series of 19 patients with the
correct identification of all cases with neoplasia but one
[55]
false positive case was reported .
[56]
Filoche et al
identified four characteristics
on biliary pCLE that were associated with benign
inflammatory strictures; vascular congestion, rough

WJG|www.wjgnet.com

ness aspect, increased inter-glandular space and
thickened reticular structure (Figure 4). In this study
the authors sought to explain the false positive cases
in 60 cases that were enrolled in a registry and found
that pCLE diagnosis was either influenced by the ERCP
impression or the presence of less than 3 malignant
[56]
Miami classification criteria .
[57]
Giovannini et al
evaluated the effect of biliary
stenting in 54 patients with indeterminate biliary
stenosis and found that biliary stenting decreased
the accuracy of pCLE when using the Miami criteria,
similar findings were replicated where a decrease in
the sensitivity from 88% to 75% and specificity from
83% to 71% was found in those who had cholangitis
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B
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20 mm

D

C

20 mm

20 mm

Figure 4 Features of inflammatory bile duct strictures on confocal laser endomicroscopy. A: Thickened reticular structures; B: Multiple white bands; C: Dark
granular pattern in scales; D: Increased spaces between scales.
[58]

or a stent inserted prior to pCLE imaging . Although
this requires validation in other series but it might be
prudent to perform pCLE prior to biliary stenting in
cases with biliary strictures of unknown etiology. Also,
[15]
of note, in the study by Caillol et al
they noted that
stricture dilation could induce fluorescein leakage thus
giving the impression of a malignant stricture while it
was subsequently found to be benign.
A recent consensus report by 16 physicians
validated seven statements with regards to the use
of pCLE in biliary strictures; (1) CLE can be used
to evaluate biliary strictures, and the probe can be
delivered via a catheter or a cholangioscope; (2) CLE
is more accurate than ERCP with brush cytology and/
or forceps biopsy in determining malignant or benign
strictures, using established criteria; (3) The accuracy
of CLE in indeterminate biliary strictures may be
decreased by prior presence of plastic stent; (4) The
NPV of CLE is very high; (5) The use of CLE can assist
clinical decision-making such as excluding malignancy;
(6) CLE should be cited as a valuable tool for an
increased diagnostic yield in official guidelines; and (7)
The «black bands» that can be seen in pCLE images
have been shown to be collagen fibrils that predictably
[59]
increase in pathologic tissue .
A preliminary analysis of the multicenter multi
national FOCUS trial demonstrated that the clinical
impression of physicians and pCLE during workup of
biliary strictures outperform tissue sampling where the
combination of brush cytology and biopsy would have
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[60]

missed 5 malignant strictures out of 36 patients .
While the addition of histology/cytology to pCLE
resulted in a marginal increase in sensitivity (from
89% to 93%) but did not change the specificity (79%)
[61]
compared to the addition of pCLE alone .

Primary sclerosing cholangitis

The work up of patients with PSC who develop
strictures can be a challenge. The management will
depend on the etiology of these strictures whether
they are neoplastic or just inflammatory. In a series
[62]
of 15 patients with 19 strictures , both extra and
intrahepatic, were evaluated by ERCP and pCLE. Due
to the inflammatory nature of PSC the authors used a
scoring system based on the Miami classification when
there were 2 of 5 malignant criteria the lesion was
classified as “suspicious” and 1 criterion as “reactive”
and the finding of a reticular pattern was deemed
[62]
as “benign”
the finding on pCLE were compared
to ERCP, cholangioscopy, histology/cytology, liver
explants, fluorescence in-situ hybridization (FISH),
or 12 mo of follow-up. Visualization was successful
in 95% of the procedures, pCLE was found to have
a sensitivity of 100% (95%CI: 40% to 100%),
specificity of 50% (95%CI: 9% to 90%), PPV of 67%
(95%CI: 24.5% to 94%) and a NPV of 100% (95%CI:
[63]
20% to 100%) . The authors suggested the high
negative predictive value of pCLE could guide in the
interval of surveillance in patients with dominant biliary
[62]
strictures .
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DISCUSSION
The role of pCLE in the evaluation of pancreatobiliary
disorders might not be of high value in cases where the
pretest probability of a malignant etiology is high but
might be better suited for those with an intermediate
and low probability. Furthermore it might guide
tissue sampling to increase the yield when evaluating
pancreatobiliary disorders. It does not seem, at least
for now, that pCLE will eliminate the need for tissue
acquisition and a histological diagnosis but it does
supplement the evaluation of these patients. The field
is evolving and as more centers acquire this technology
[50,63-68]
and studies are conducted
the definite role of
pCLE will be better defined.
The diagnostic criteria might need to be refined to
be applicable to clinical practices outside centers of
expert endoscopists and might need to be tailored to
specific underlying disease like PSC and patients with
chronic pancreatitis where discriminating normal from
abnormal histology might be more challenging.
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Immediate endoscopic optical histology without samples in accessible tissue
surfaces is a new tool providing important advances in lesion recognition. CLE
is used in assessing histological structure without samples in endoscopy using
specially designed scopes but can also be used as thin probes which are able
to reach and assess tissue structure in ducts, cysts and accessible tumors.
The present paper is an extensive and complete, up-to-date review of the
literature available since 2001; nevertheless most the papers were published
from 2007 to 2015. This review describes some important aspects of CLE
image evaluation, including specificity, sensitivity and positive predictive values,
and also the learning curves in image interpretation which all are important for
introducing a new device in clinical practice. The paper is long but is a welldesigned systematic review and includes one part devoted to technical aspects,
another on image interpretation and a third on its application in different
localizations.
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Abstract
Spontaneous perforation of a duodenal ulcer secondary
to allergic eosinophilic gastroenteritis (EGE) has
not been previously reported. We present such a
case in a teenager who presented with peritonitis.
After exploration and operative repair of his ulcer,
he continued to experience intermittent abdominal
pain, and further evaluation revealed eosinophilic
gastroenteritis in the setting of multiple food allergies.
His EGE resolved after adhering to a restrictive diet.
Both duodenal ulcers and EGE are very rarely seen
in pediatric patients. EGE has a variable presentation
depending on the layer(s) of bowel wall affected
and the segment of the gastrointestinal tract that is
involved. Once diagnosed, it may respond to dietary
changes in patients with recognized food allergies, or
to steroids in patients in whom an underlying cause
is not identified. Our case highlights the need to keep
EGE in the differential diagnosis when treating pediatric
patients with duodenal ulcers. The epidemiology,
pathophysiology, and treatment of EGE are also
discussed, along with a review of the current literature.
Key words: Pediatric; Duodenal ulcer; Eosinophilic;
Gastroenteritis; Food allergies
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report a case of a perforated duodenal
ulcer secondary to allergic eosinophilc gastroenteritis
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in a pediatric patient. To our knowledge this is the
only reported case of spontaneous duodenal ulcer
perforation in this patient population. Herein we
discuss the details of our case, highlighting the need
for increased suspicion of eosinophilic gastroenteritis
(EGE) in pediatric patients with gastrointestinal ulcers.
Further, we discuss the epidemiology, pathophysiology,
and treatments of EGE, along with a review of the
current literature.
Riggle KM, Wahbeh G, Williams EM, Riehle KJ. Perforated
duodenal ulcer: An unusual manifestation of allergic eosinophilic
gastroenteritis. World J Gastroenterol 2015; 21(44): 12709-12712
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i44/12709.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i44.12709

INTRODUCTION
Eosinophilic gastroenteritis (EGE) is a rare disorder
characterized by intestinal inflammation with eosino
philic infiltration of the wall of the gastrointestinal
[1,2]
tract, with or without peripheral eosinophilia . This
disease occurs in the absence of most known causes of
eosinophilia such as parasitic infection, malignancy, or
drug reactions. EGE can involve one or more layers of
the bowel wall, resulting in a wide range of presenting
symptoms that typically include nausea, abdominal
[1,2]
pain, and diarrhea . Herein we report an unusual
case of EGE, which presented as a perforated duodenal
ulcer in a teenager.

CASE REPORT
A sixteen-year-old boy presented with acute epigastric
abdominal pain and focal right-sided peritonitis on
physical exam. He had no significant medical history,
and no history of non-steroidal anti-inflammatory drug
(NSAID) or cocaine use. Initial labs demonstrated
leukocytosis with a normal eosinophil count, a
computed tomography (CT) scan showed a small
volume of free air, and he was taken to the operating
room for exploratory laparoscopy. He was found
st
to have a perforated ulcer in the 1 portion of the
duodenum (Figure 1), which was repaired using a
Graham patch.
He was treated presumptively for Helicobacter
pylori (H. pylori), and was discharged home after an
uneventful postoperative course on a regular diet.
Interestingly, his serological analysis was negative
for H. pylori, and he continued to have diffuse, nonspecific abdominal pain despite ongoing treatment
with proton pump inhibitors. Two months after his
operation he underwent esophagogastroduodenoscopy
(EGD), which demonstrated significant esophageal
edema, gastric erythema, and a small residual area of
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Figure 1 Intraoperative photo depicting the perforated duodenal ulcer in
the 1st portion of the duodenum.

duodenal ulceration at the site of his repair (Figure 2).
Histologic analysis of these grossly abnormal areas
revealed eosinophilic infiltration of the esophagus,
stomach, and duodenum (Figure 3A-C). Given an
absence of other known causes for eosinophilia he
underwent allergy testing, and was found to have
allergies to multiple foods, including dairy, eggs, and
peanuts. Five months after initiation of a restrictive
diet, his abdominal pain subsided, and repeat
endoscopy with biopsies confirmed that his esophageal
and gastric inflammation had significantly improved,
with resolution of the duodenal inflammation (data not
shown). After three more months he re-introduced
milk and peanuts into his diet, leading to recurrent
abdominal pain. EGD with biopsies at that time
confirmed recurrent severe esophagitis, prompting
him to resume his restricted diet.
Interestingly, we have treated two other patients
at our institution with duodenal ulcers secondary to
EGE, one of which was found to have milk allergies as
the presumed etiology. After that patient adopted a
lactose free diet, the EGE resolved. The third patient
had resolution of the EGE following corticosteroid
treatment. All three patients were H. pylori negative
and presented with abdominal pain as their primary
symptom.

DISCUSSION
EGE is a rare benign disorder known to cause inflammation
in all locations and layers of the gastrointestinal (GI) tract,
[1,2]
resulting in highly variable presenting symptoms .
It is more commonly seen in adults, so may not
be considered in pediatric patients with abdominal
[3]
complaints . EGE should be a part of the differential
diagnosis in patients with unexplained GI symptoms,
especially in those with peripheral eosinophilia or a
history of allergies. The primary diagnostic criteria
for EGE include GI symptoms, biopsies showing an
eosinophilic infiltrate in one or more layers of the
gastrointestinal wall, and the absence of other diseases
that cause eosinophilia, such as drug reactions or
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Figure 2 Initial endoscopy showing residual duodenal ulceration after
repair.

parasitic infections. Peripheral eosinophilia is seen in up
to 80% of cases, but is not mandatory for diagnosis.
EGE may be classified as predominantly mucosal
(60%), muscular (30%), or serosal (10%), and can
[4]
occur in any segment of the GI tract .
Gastroduodenal ulcers are similarly uncommon
in pediatric patients, and spontaneous perforation
[5]
of an ulcer in a child is extremely rare . Most
pediatric duodenal ulcers are secondary to H. pylori
infection, NSAIDS, or Zollinger-Ellison syndrome. To
our knowledge, there are only a handful of gastric
or duodenal ulcers secondary to EGE that have
[6-10]
been reported in pediatric patients
. Only two
of these were duodenal ulcers, and there are no
previous reports of EGE presenting as spontaneous
duodenal ulcer perforation. The only other case of EGE
presenting with perforated duodenal ulcer occurred
[6]
after blunt abdominal trauma .
The precise pathophysiology of EGE is poorly
understood, but is presumed to involve either IgEdependent or independent eosinophil recruitment and
activation, followed by T-cell mediated chemokine
[1,2]
production by eosinophils
. In support of IgEmediated mechanisms driving this disease, it has
been reported that up to 75% of patients with EGE
have a personal or family history of food, medication,
[11]
or pollen allergies . In patients with EGE and food
allergies, adherence to a restrictive diet will often result
[11,12]
in remission of the disease
. In those who do not
respond to allergen avoidance, up to 90% will respond
[3]
to corticosteroid therapy . Accordingly, our patient
had resolution of his symptoms and pathologic findings
after initiation of a restrictive diet. Furthermore, he
had recurrence of his gastrointestinal inflammation
following liberalization of his dietary intake, supporting
the notion that food allergies and EGE caused his
perforated duodenal ulcer.
In conclusion, EGE is a rare condition that has
a highly variable presentation depending on the
layer(s) of bowel wall affected and the segment of the
gastrointestinal tract that is involved. Once diagnosed,
it may respond well to dietary changes in patients with
recognized food allergies or to corticosteroid treatment.
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Figure 3 Esophageal (A), gastric (B), and duodenal (C) biopsies showing
moderate to severe eosinophilic infiltration of the lamina propria and
epithelium. The duodenal biopsy also shows gastric metaplasia. Hematoxylineosin staining, magnification × 200.

Our series of three patients highlights the need to
keep EGE in the differential diagnosis when faced with
duodenal ulcers in pediatric patients, particularly in the
setting of negative H. pylori testing.

COMMENTS
COMMENTS
Case characteristics

A sixteen year-old boy presented with intermittent, non-specific epigastric pain
for two months following repair of a perforated duodenal ulcer.

Clinical diagnosis

On physical exam he demonstrated mild epigastric tenderness.

Differential diagnosis

Helicobacter pylori (H. pylori) infection, non-steroidal anti-inflammatory druginduced peptic ulcers, Zollinger-Ellinson syndrome, antral gastritis.

Laboratory diagnosis

Initial labs demonstrated leukocytosis with a normal eosinophil count, allergy
testing revealed multiple food allergies.

Imaging diagnosis

Esophagogastroduodenoscopy showed edema/erythema of distal esophagus,
stomach, and duodenum.

Pathological diagnosis

Histologic analysis of gastric biopsies revealed eosinophilic infiltration of the
esophagus, stomach, and duodenum.

Treatment

Adherence to a restrictive diet resulted in resolution of his symptoms and
histologic inflammation.

Related reports

Few cases of eosinophilic gastroenteritis (EGE) have been reported in the
pediatric population, and duodenal ulceration is an extremely rare presentation
of EGE. In reports of EGE caused by food allergies, adherence to a restrictive
diet is often curative.

Term explanation

Eosinophilic gastroenteritis is a rare disease known to cause inflammation in
one or more layers of the bowel wall.
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Experiences and lessons

5

This case report highlights the need to keep EGE in the differential diagnosis
when faced with duodenal ulcers in pediatric patients, particularly in the setting
of negative H. pylori testing.

6

Peer-review

7

The authors present a rare and interesting case of allergic eosinophilic
gastroenteritis with associated duodenal ulcer perforation. It highlights the
clinical characteristics of this rare disease, and describes resolution of the
inflammation after elimination of the inciting allergens.
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Abstract
This work aims to facilitate diagnosing Aspergillus
appendicitis, which can be missed clinically due to its
rarity, by proposing a clinical pentad for Aspergillus
appendicitis based on literature review and one new
case. The currently reported case of pathologicallyproven Aspergillus appendicitis was identified by
computerized search of pathology database at William
Beaumont Hospital, 1999-2014. Prior cases were
identified by computerized literature search. Among
10980 pathology reports of pathologically-proven
appendicitis, one case of Aspergillus appendicitis
was identified (rate = 0.01%). A young boy with
profound neutropenia, recent chemotherapy, and
acute myelogenous leukemia presented with right
lower quadrant pain, pyrexia, and generalized malaise.
Abdominal computed tomography scan showed
a thickened appendiceal wall and periappendiceal
inflammation, suggesting appendicitis. Emergent
laparotomy showed an inflamed, thickened appendix,
which was resected. The patient did poorly post
operatively with low-grade-fevers while receiving
antibacterial therapy, but rapidly improved after
initiating amphotericin therapy. Microscopic examination
of a silver stain of the appendectomy specimen revealed
fungi with characteristic Aspergillus morphology,
findings confirmed by immunohistochemistry. Primary
Aspergillus appendicitis is exceptionally rare, with only
3 previously reported cases. All three cases presented
with (1)-neutropenia, (2)-recent chemotherapy,
(3)-acute leukemia, and (4)-suspected appendicitis;
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(5)-the two prior cases initially treated with anti
bacterial therapy, fared poorly before instituting antiAspergillus therapy. The current patient satisfied
all these five criteria. Based on these four cases, a
clinical pentad is proposed for Aspergillus appendicitis:
clinically-suspected appendicitis, neutropenia, recent
chemotherapy, acute leukemia, and poor clinical
response if treated solely by antibacterial/anti-candidial
therapy. Patients presenting with this proposed pentad
may benefit from testing for Aspergillus infection by
silver-stains/immunohistochemistry and considering
empirical anti-Aspergillus therapy pending a tissue
diagnosis.
Key words: Aspergillosis; Aspergillus appendicitis; Fungal
appendicitis; Appendicitis; Neutropenia; Chemotherapy;
Acute myelocytic leukemia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This work reports the fourth reported case of
isolated Aspergillus appendicitis, further characterizes
this syndrome, and identifies a clinical pentad
associated with this syndrome: clinically-suspected
appendicitis, neutropenia, recent chemotherapy, acute
leukemia, and poor clinical course if treated solely with
antibacterial or anti-Candidial antibiotics. These risk
factors are biologically reasonable. Immunosuppression
from neutropenia and acute leukemia may promote
Aspergillus appendicitis. Local gastrointestinal ulcers
from recent chemotherapy provides a nidus for fungal
colonization. In patients presenting with this proposed
pentad, Aspergillus appendicitis should be considered
in the differential diagnosis, special silver stains should
be performed to evaluate for this infection, and empiric
anti-Aspergillus therapy may be considered pending
tissue diagnosis.
Gjeorgjievski M, Amin MB, Cappell MS. Characteristic clinical
features of Aspergillus appendicitis: Case report and literature
review. World J Gastroenterol 2015; 21(44): 12713-12721
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i44/12713.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i44.12713

INTRODUCTION
The diagnosis of isolated (primary) Aspergillus
appendicitis may be clinically overlooked or delayed
because of its exceptional rarity, as shown by a review
of the English literature revealing only three cases,
and its association with profound immunosuppression
[1-3]
(Table 1)
that can delay or mask the usual clinical
[4,5]
features of appendicitis . Yet, delayed diagnosis and
therapy for Aspergillus appendicitis may have dire
patient consequences, as occurred in two of the three
[1,2]
previously reported cases . A new patient is reported
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of isolated Aspergillus appendicitis who presented with
five striking clinical findings, and a novel syndromic
pentad is proposed as a diagnostic tool, based on this
new case report and review of the three previously
reported cases that demonstrated nearly identical
findings.
Computerized search using the words “appendicitis”
and “Aspergillus” of the pathology database at William
Beaumont Hospital, Royal Oak, July 1999-December
2014, revealed only 1 case of Aspergillus appendicitis
(0.01% rate) among 10980 pathology reports of
appendicitis proven by pathologic examination of
the appendectomy specimen. Published reports of
Aspergillus appendicitis were identified by computerized
literature search using PubMed; and review of
general textbooks and specialized monographs in
gastroenterology, pathology, and infectious diseases.
One case report of isolated Aspergillus appendicitis
[6]
written in German was professionally translated .
Case reports of small intestinal Aspergillosis without
known or documented appendiceal involvement were
[7]
excluded . This study received exemption/approval by
William Beaumont Hospital IRB on December 1, 2014.

CASE REPORT
An 8-year-old boy with acute myelogenous leuke
mia (AML), diagnosed one month earlier, and with
profound neutropenia, after receiving two cycles of IV
chemotherapy with daunorubicin, cytarabine, thio
guanine, etoposide and dexamethasone, presented
with low-grade pyrexia and chills for one day. Physical
examination revealed temperature = 36.8  ℃, pulse
= 111 beats/min, blood pressure = 94/63 mmHg,
and mild right lower quadrant (RLQ) tenderness
without rebound tenderness. The leukocyte count
3
3
= 200 cells/mm (normal 4800-10100 cells/mm ),
3
neutrophil count < 100 cells/mm (normal 1600-7200
3
cells/mm ), hematocrit = 36.3% (normal in male boy,
age 6-9 years: 33.6%-43.4%), and platelet count =
3
3
90000/mm (normal 150000-400000/mm ). Abdominal
ultrasound was unrevealing. Abdomino-pelvic com
puted tomography (CT) showed a mildly enlarged
appendix without an appendicolith or periappendi
ceal inflammation, findings possibly consistent with
early appendicitis. The patient was rehydrated with
normal saline and administered IV antibiotic therapy
with amoxicillin, gentamicin and metronidazole,
but developed increasing RLQ abdominal pain and
several episodes of vomiting during the ensuing 24 h.
Repeat abdomino-pelvic CT scan revealed a dilated
appendiceal lumen, thickened appendiceal wall, and
periappendiceal fat stranding, findings consistent with
acute appendicitis (Figure 1).
Emergency laparotomy revealed an inflamed,
edematous, dusky appendix without appendiceal
perforation but with thickened periappendiceal
mesentery. The appendix was resected. Microscopic
examination of hematoxylin and eosin stains of
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AML-M5

Daunorubicin, cytarabine,
thioguanine, etopiside, and
dexamethasone

NA

Mitozantrone and cytarabine.
Later treatment with daunorubicin
and cytarabine

Induction therapy:
cyclophosphamide, daunorubicin,
vincristine, prednisone,
L-asparaginase, and dasatinib;
Maintenance therapy:
6-mercaptopurine and dasatinib;
Received stem cell transplantation

Initial therapy: Vincristine,
prednisolone, L-asparaginase, intrathecal methotrexate.
Chemotherapy during relapse: not
reported

Chemotherapy received prior to
appendicitis

30 d

NA

30 d after diagnosis

12 d after
transplantation; 5
mo after initiation of
chemotherapy

14 mo after therapy
restarted for a relapse

Symptom appearance
after initiating
chemotherapy

Yes. WBC=
200/mm3

Not reported

Yes. WBC =
500/mm3 (no
neutrophils
seen)

Yes

Yes

Neutropenia
at presentation

Pathologic findings in resected
appendix

Therapy and outcome

USD: enlarged appendix,
Necrosis and inflammation in
Fared poorly for 10 d while treated with conventional
cecal wall thickened, and
mucosa and nearby muscle
antibiotic therapy of ceftazdime and amikacin
small periappendiceal fluid consistent with acute appendicitis.
before undergoing appendectomy. Did well after
collection
Many septated fungal hyphae
appendectomy. Discharged in stable condition at
showing acute-angle branching, postoperative day 10 (not mentioned whether received
characteristic of Aspergillus
antifungal therapy after appendectomy)
CT: cecal wall
Full-thickness invasion of
Fared extremely poorly for 6 d with conventional
thickened, thickened
appendiceal wall including serosa;
antibiotic therapy plus acyclovir and fluconazole.
retrocecal appendix,
fungal angioinvasion with vessels
Improved after appendectomy and after receiving
and periappendiceal
occluded by hyphal forms; positive liposomal amphotericin B and micafungin (switched
inflammatory changes;
methenamine-silver stain
on day 3 to voriconazole and micafungin due to acute
small amount of free fluid
renal injury). Discharged 46 d after appendectomy.
present
Clinically stable 12 mo after hospitalization, without
further aspergillus complications
USD: dilated bowel loops
Coagulative necrosis of
Amphotericin B
and right hydronephrosis.
appendiceal tip with septate
Second laparotomy 6 d after first showed 3 small
CT scan: right hydroureter fungal hyphae with dichotomous
bowel perforations.
extending down into pelvis branching pattern, permeating and Died at day 49 from bleeding from Aspergillus invasion
with loss of fat planes in
occluding arterial branches.
of iliac vein
the region, consistent with
Immunoperoxidase stain
inflammatory process
demonstrated Aspergillus flavus
around distal ureter
Not reported (case
At surgery: inflamed, enlarged,
Did poorly postoperatively with high spiking fevers,
published in 1959 before
gangrenous appendix with severe overwhelming sepsis, and progressive jaundice while
abdominal CT or USD
surrounding inflammation.
receiving streptomycin and 2 other antibacterial
became available)
Microscopic pathology not
antibiotics. On day 9 therapy with antimycotic
reported
trichomycin initiated after Aspergillus nidulans
isolated from appendiceal culture. Died 3 d later from
progressive organ failure
USD: no evident right lower Branched, septate fungal hyphae
Underwent appendectomy: Did poorly initially
quadrant abscess or free
invading full thickness of
postoperatively while receiving antibacterial
fluid. CT: inflammatory
appendiceal wall without discrete antibiotics. Recovered after receiving amphotericin B
changes in right lower
perforation
and discharged after 21 d of this therapy.
quadrant with thick-walled
No signs of disseminated Aspergillosis during 8
appendix and dilated
mo of follow up while receiving prophylaxis with
appendiceal lumen
itraconazole

Abdominal imaging

Case excluded from analysis in this paper because this case report was published in 1959 before modern imaging tests became available and this case report lacks critical clinical details due to its brevity. AML: Acute
myelogenous leukemia; ALL: Acute lymphocytic leukemia; CT: Computerized tomography; USD: Ultrasound; DIC: Disseminated intravascular coagulation; WBC: White blood cell; NA: Not available.

1

8-yr-old
male
[Current
Case
Report]

Not
reported

AML- M1

21-yr-old
male[3]

39-yr-old,
sex not
stated[6]

ALL (B-cell
type with
BCR-ABL
translocation)

41-yr-old
male[2]

1

ALL

8-yr-old
male[1]

Age and sex Underlying
[reference]
condition

Table 1 Case reports of isolated Aspergillus appendicitis without other known Aspergillus infection
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A

B

C

D

A

Figure 1 computed tomography images. computed tomography images of abdomen using IV non-ionic contrast and standard oral contrast demonstrates dilated
appendiceal ostium and thickened appendiceal wall in cross-section (arrows in A); dilated lumen and thickened wall of vermiform appendix in longitudinal section (arrows
in B); periappendiceal fat stranding (arrows in C) and an enlarged right psoas muscle with indistinct margins from local extension of the appendiceal inflammation
(enlarged right psoas muscle with indistinct margins identified in D by 2 arrows, as compared to normal-sized left psoas muscle with distinct margins identified by 1
arrow). The appendix measures approximately 11 mm in diameter from outer wall to outer wall. All these findings are consistent with acute appendicitis. There is no
evident appendicolith or typhlitis.

histologic sections of the resected appendix showed
an acute necrotizing appendicitis, with scattered
questionable fungal hyphal forms. Postoperatively, the
patient continued to be ill with persistent moderate
pyrexia for 12 d, while receiving IV ampicillin,
gentamicin, and metronidazole antibiotic therapy and
filgrastim (granulocyte colony stimulating factor).
Due to this poor clinical response, evident risk factors
for fungal appendicitis, and questionable findings of
fungal hyphae on a conventional hematologic stain,
a Grocott-Gomori methenamine-silver nitrate stain
was performed on the resected specimen which
revealed numerous fungal hyphae that showed
features characteristic of Aspergillus of septation and
acutely angled branching, and which was confirmed
as Aspergillus by immunohistochemistry (Figure 2A
and B). The specific species causing the Aspergillus
infection could not be determined in the formalin fixed
tissue. On day 13 IV amphotericin-B was added to the
antibiotic regimen and the patient rapidly improved
clinically, with defervescence and gradual recovery
3
of the leukocyte count to 3400 cells/mm . He was
discharged after 21 d of IV amphotericin therapy to
receive oral itraconazole as an outpatient. During 8 mo
of follow up, the patient had 2 relapses of AML, but no
evident Aspergillus recurrence, while continuing oral
antifungal prophylaxis with itraconazole.
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DISCUSSION
Aspergillus, a widespread fungus in the environment,
usually enters the human body by airborne trans
mission and colonizes the nasal cavities or facial
sinuses. Invasive pulmonary aspergillosis accounts
for 90%-98% of invasive Aspergillus infections, but
hematogenous spread may cause disseminated
[8-12]
infection
, or rarely isolated infections of other
organs, including central nervous system, heart, liver,
[13-17]
kidneys, and gastrointestinal (GI) tract
. Based
on a literature review of more than 3000 cases of
Aspergillus infection, Denning et al hypothesized that
isolated GI aspergillosis generally arises from ingestion
of food contaminated with Aspergillus, and colonization
by Aspergillus of GI ulcers which can arise from
[10,18]
antecedent chemotherapy
.
Aspergillus fumigatus is the most frequent species
that causes human infections, followed by A. flavus,
[19]
A. terreus, A. niger, and A. nidulans . The risk of
pulmonary infection and hematogenous spread greatly
increases with immunosuppression, including profound
neutropenia, glucocorticoid therapy, and neutrophilic
[20,21]
or phagocytic dysfunction from acute leukemia
,
chronic granulomatous disease, and advanced human
[7,22-24]
immunodeficiency virus infection
.
[7,22,25]
GI aspergillosis is rare
, isolated GI aspergillosis
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Figure 2 Photomicrograph. A: Photomicrograph of a hematoxylin-eosin stained, full thickness, cross-section of the resected appendiceal specimen shows
a thickened appendiceal wall due to a severe mixed inflammatory infiltrate (A, low power). The high power view (A-inset) of an area within the low-power view,
shows one questionable fungal hyphae (arrowhead) within a gland partially destroyed by the necrotizing inflammation; B: Photomicrograph of a Grocott-Gomori
methenamine-silver (GMS) nitrate stain reveals invasive, septate, hyphal forms with acutely angled branches, characteristic of Aspergilus species (B-right side-low
power, B-left lower inset-high power). The hyphae are confirmed as Aspergillus species by immunohistochemistry (B-left upper inset-high power).

is even rarer, and isolated Aspergillus appendicitis is
exceedingly rare. For example, in a review of 1538
patients with aspergillosis, only 85 (5.5%) had GI
aspergillosis, and only 14 (0.8%) patients had isolated
[7]
GI aspergillosis . The currently reported case of
isolated appendiceal aspergillosis represents only the
fourth reported case in the English literature (Table 1).
[6]
A fifth case published in German in 1959 is detailed
in Table 1, but not presently analyzed because (1) it
was published before the advent of modern laboratory
and imaging tests for appendicitis, such as abdominal
ultrasound or CT; and (2) the case report lacked critical
clinical details, such as microscopic findings, due to
brevity of the report.
All four analyzed cases, including the current
case, presented with a distinct syndrome of clinicallysuspected appendicitis, acute leukemia [either AML
or acute lymphocytic leukemia (ALL)], recently
administered chemotherapy, and neutropenia (Table
[1-3]
1) ; and three of the patients, including the current
case, initially did poorly when receiving antibacterial
[1,2]
therapy without anti-Aspergillus therapy
. The
fourth case received anti-Aspergillus therapy promptly
without delay. Four other cases of appendiceal
aspergillosis were reported with other GI involvement,
but without clinically apparent extraintestinal spread
[26-29]
(Table 2)
, of which one had disseminated
[29]
aspergillosis demonstrated by autopsy . All four of
these cases, like the four cases of isolated Aspergillus
appendicitis, had underlying AML or ALL, neutropenia,
and recent chemotherapy.
To promote early diagnosis and appropriate treatment,
a clinical pentad is proposed for suspected Aspergillus

WJG|www.wjgnet.com

appendicitis of: (1) clinically-suspected appendicitis; (2)
neutropenia; (3) recent chemotherapy; (4) underlying
acute leukemia; and (5) poor response if administered
antibacterial antibiotics or anti-Candidial therapy
without anti-Aspergillus therapy. The hypothesized
pathophysiology of the proposed syndromic pentad is
Aspergillus, presumably ingested in contaminated food
(1) colonizes GI ulcers or areas of mucositis induced
by chemotherapy. Mucosal ulcers commonly occur
after chemotherapy with daunorubicine, which was
[2,3,current report]
administered in 3 of the 4 reported cases
,
[30]
or after chemotherapy with cytarabine , which was
[3,current report]
administered in 2 of the 4 reported cases
,
[1]
(fourth patient received unspecified chemotherapy ).
Aspergillus then invades the appendiceal wall
due to immunosuppression from (2) neutropenia
[31]
and (3) acute leukemia . The patients, despite
immunosuppression, still present clinically (4) with
RLQ pain and fever suggestive of appendicitis; and
(5) the patients with Aspergillus infection should not
respond to conventional antibacterial or anti-Candidial
antibiotics.
Patients satisfying this pentad should be: (1) eva
luated for Aspergillus by microscopic examination with
special stains, such as Grocott-Gomori methenamine
silver or periodic acid-Schiff (PAS)-diastase stains,
supplemented by immunohistochemistry as necessary
because the fungal elements may not be readily
visible on routine hematoxylin and eosin stained
slides; (2) should have the entire resected appendix
submitted for histologic examination if the standardly
reviewed one or two representative sections of the
appendix lack identifiable fungal structures; and (3)
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ALL

AML M6

38-yr-old male. Only
appendix and cecum
infected[26]

62-yr-old female.
Appendix, cecum,
ascending colon and
ileum infected[27]

Vincristine and
prednisone
and intrathecal
methotrexate. Later
changed to cytoxan
and adriamycin
Induction therapy:
cytarabine for 7 d
and idarubicin for 3
d

Cytarabine,
daunorubicin, and
etoposide

Chemotherapy
received prior to
appendicitis

12718
Not specified

Day 16 after initiating
chemotherapy

Hospital day 7

Day 12 after initiating
chemotherapy

USD: thickened intestinal walls
with indistinct hypoechogenic
area reaching from cecal pole to
mesenteric root

Abdominal imaging

Pathologic findings in resected appendix

Antifungal therapy:
Outcome

Performed cecal resection and appendectomy.
Amphotericin B and fluoroChronic, partially hemorrhagic inflammation of cytosine: Patient succumbed
intestine infiltrated by Aspergillus. Fungal hyphae
to septic shock while on
also demonstrated within blood vessels
persistent antifungal therapy
6 wk after admission.
Autopsy demonstrated
disseminated Aspergillosis
Yes, WBC = 100/
Gallium scan: increased uptake
Laparotomy: appendix not found (apparently
Amphotericin B: Stable at
mm3
in midabdomen and pelvis
due to destruction), but cecal perforation with
6 mo follow-up, with right
consistent with infectious process. surrounding abscess with multiple coloenteric
lung infiltrate that identified
CT: increased density in right
fistulas found. Resected specimen showed
on previous x-ray, being
lower quadrant consistent with Aspergillus hyphae in necrotic area of bowel wall
stable in size
an abscess or fluid-filled cecum
invading peritoneal surfaces
Yes, WBC =
CT: inflammatory changes and
Resected 2.5 cm segment of small bowel and
Voriconazole started
600/mm3, no
fat stranding surrounding dilated 60 cm segment of cecum and ascending colon.
empirically 20 d after
neutrophils
appendix. Small amount of
Microscopic evaluation of sections of bowel and
admission, before surgery:
adjacent free fluid in pelvis
appendix showed transmural intestinal infarction Patient expired from cardiac
with hemorrhagic plugs within intestine blood
arrest 26 d after admission
vessels and fungal hyphae with septation and
acute branching angles. Fungal stain revealed
morphology consistent with Aspergillus
Yes
CT: early abscess formation in
Pathological confirmation of appendicitis caused
Amphotericin B,
distal ileum and appendix
by invasive aspergillosis
metronidazole and
piperacillin with tazobactam:
Died 1 d later from septicemia
with DIC; Autopsy disclosed
fungal infection disseminated
throughout body

Yes

Presentation with
Neutropenia at
symptoms after initiation of time of developing
chemotherapy
symptoms

should be considered for empiric anti-Aspergillus therapy if doing poorly on conventional antibiotic therapy pending a tissue diagnosis. The importance of early antiAspergillus therapy is emphasized by two of the four reported cases of isolated Aspergillus appendicitis improving dramatically after instituting anti-Aspergillus therapy
and appendectomy. Of note, the prognosis of isolated Aspergillus appendicitis appears to be better than that of Aspergillus appendicitis combined with Aspergillus
enterocolitis.
This work illustrates that neutropenia after chemotherapy is an important risk factor for Aspergillus appendicitis/enterocolitis, and emphasizes the importance of filgrastim
therapy to decrease the severity or duration of neutropenia after chemotherapy. Filgrastim helps prevent febrile neutropenia from Aspergillus or other opportunistic
[32,33]
[34,35]
infections in experiments in mice
, or in clinical trials
, and is likely important in treating Aspergillus appendicitis or enterocolitis occurring in the setting of

GI: Gastrointestinal; AML: Acute myelogenous leukemia; ALL: Acute lymphocytic leukemia; NA: Not applicable; WBC: White blood cell; CT: Computerized tomography; USD: Ultrasound; DIC: Disseminated intravascular
coagulation. ThaiPOG protocol: Thailand Pediatric Oncology Group protocol as described in: Seksarn P, Wiangnon S, Veerakul G, Chotsampancharoen T, Kanjanapongkul S, Chainansamit SO. Outcome of childhood acute
lymphoblastic leukemia treated using the Thai National Protocols. Asian Pac J Cancer Prev 2015; 16 (11): 4609-4614.

AML and 6 cycles of ThaiPOG
diffuse
protocol
large B-cell
lymphoma

AML

11-yr-old male.
Extensive GI
involvement including
appendix and cecum
(typhlitis)[28]

5-yr-old female.
Appendix involved
with widespread GI
infection[29]

Underlying
condition

Age and sex. areas of
aspergillus infection
[reference]

Table 2 Reported cases of Aspergillus appendicitis with additional gastrointestinal involvement
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neutropenia.
The proposed pentad is subject to criticism. First,
the data are limited to four cases of isolated Aspergillus
appendicitis and four cases of Aspergillus appendicitis
with other GI involvement, and therefore require
further confirmation. However, all four case reports
generally satisfied the proposed pentad. Second, the
reviewed cases may lack clinical details because of
their retrospective nature. Third, cases obtained from
the literature, particularly individual case reports, are
subject to reporting bias. For example, clinicians might
selectively report and journal editors might selectively
publish only dramatic cases of poor response to
antibacterial therapy and rapid recovery after
instituting anti-Aspergillus therapy. Fourth, although
the proposed syndromic pentad may be highly
sensitive for Aspergillus appendicitis, the specificity
is unstudied and might only be moderate. The
differential diagnosis in patients satisfying this pentad
also includes (bacterial) neutropenic typhlitis, with or
[36,37]
without bacterial appendicitis
, and appendicitis
[38]
[29]
caused by other fungi , including Candida ,
[39]
[40,41]
Mucor , and Histoplasma
. Therefore, this pentad
should not be viewed as diagnostic, but merely
as clinically useful to raise a suspicion of potential
Aspergillus appendicitis. All five criteria appear to be
typical for Aspergillus appendicitis, but the first four
criteria may also occur with (bacterial) neutropenic
typhlitis/enterocolitis and only the fifth criterion of poor
response to conventional antibacterial/anti-Candidial
antibiotic therapy is relatively specific for Aspergillus
appendicitis.
This clinical pentad may become increasingly
important clinically because of an increasing incidence
[42]
of invasive Aspergillus , and an increasing incidence
of severe neutropenia from more potent immuno
suppressive chemotherapy and more frequent stem
[14]
cell transplantation . It is important to recognize
neutropenic patients with invasive Aspergillus because
they may fare poorly with solely antibacterial or
anti-Candidial therapy (e.g., fluconazole) without
specific anti-Aspergillus therapy (e.g., voriconazole or
amphotericin). Addition of another factor to the pentad
of persistently positive galactomannan antigenemia in
patients with suspected appendicitis might be useful
diagnostically but is not warranted at this point because
of a lack of data on the galactomannan antigen status
[43]
in the reported cases of appendiceal aspergillosis .

without rebound tenderness. The leukocyte count = 200 cells/mm3 (normal
4800-10100 cells/mm3), neutrophil count < 100 cells/mm3 (normal 1600-7200
cells/mm 3 ), hematocrit = 36.3% (normal in male boy, age 6-9 years:
33.6%-43.4%), and platelet count = 90000/mm3 (normal 150000-400000/mm3).

Differential diagnosis

Clinical presentation is an episode of febrile neutropenia. The differential
diagnosis includes neutropenic typhlitis and/or appendicitis, due to local
opportunistic infections including bacterial infections, Candida, Mucor,
Histoplasma, or Aspergillus.

Laboratory diagnosis

The leukocyte count = 200 cells/mm 3 (normal 4800-10100 cells/mm3), and
neutrophil count < 100 cells/mm3 (normal 1600-7200 cells/mm3). These findings
demonstrate profound neutropenia.

Imaging diagnosis

Abdomino-pelvic computed tomography scan revealed a dilated appendiceal
lumen, thickened appendiceal wall, and periappendiceal fat stranding, findings
consistent with appendicitis.

Pathological diagnosis

Microscopic examination of hematoxylin and eosin stains of histologic sections
of the resected appendix showed an acute necrotizing appendicitis, with
scattered questionable fungal hyphal forms. A Grocott-Gomori methenaminesilver nitrate stain performed on the resected specimen revealed numerous
fungal hyphae that showed features characteristic of Aspergillus of septation
and acutely angled branching, and which was confirmed as Aspergillus by
immunohistochemistry.

Treatment

The patient underwent appendectomy for the appendicitis and was
administered IV filgrastim (granulocyte colony stimulating factor) for the
profound neutropenia. On postoperative day 13 IV amphotericin-B therapy was
added when Aspergillus appendicitis was identified by special stains performed
on the resected appendix.

Related reports

Review of the modern literature revealed only 3 other reported cases of isolated
Aspergillus appendicitis, aside from one case very briefly reported in German in
1959.

Experiences and lessons

Analysis of the current case and review of the three prior case reported in
the modern literature suggest that patients with Aspergillus appendicitis
may clinically present with a pentad of: clinically-suspected appendicitis,
neutropenia, recent chemotherapy, acute leukemia, and poor clinical response
if treated solely by antibacterial/anti-candidial therapy.

Peer-review

The strengths of the article include: reporting a well-documented case of
isolated Aspergillus appendicitis, thorough review of the three previously
reported cases as identified by review of the modern literature, and the proposal
of a clinical pentad to facilitate clinical recognition of Aspergillus appendicitis.

REFERENCES

COMMENTS
COMMENTS

1

Case characteristics

An 8-year-old boy with acute myelogenous leukemia, diagnosed one month
earlier, and with profound neutropenia, after receiving two cycles of IV
chemotherapy with daunorubicin, cytarabine, thioguanine, etoposide and
dexamethasone, presented with low-grade pyrexia and chills for one day.

Clinical diagnosis

Physical examination revealed temperature = 36.8  ℃, pulse = 111 beats/min,
blood pressure = 94/63 mmHg. and mild right lower quadrant tenderness

WJG|www.wjgnet.com

2

3

12719

Park BH, Suh JH, Choi HJ, Cha HJ, Nam CW, Kim YM. Acute
appendicitis associated with aspergillosis in a leukemia patient:
case report. Korean J Pathol 2010; 44: 330-332
Kontoyiannis DP, Mathur M, Chen YB, Shellito PC, Tse JY. Case
records of the Massachusetts General Hospital. Case 13-2014.
A 41-year-old man with fever and abdominal pain after stemcell transplantation. N Engl J Med 2014; 370: 1637-1646 [PMID:
24758620 DOI: 10.1056/NEJMcpc1305994]
Rogers S, Potter MN, Slade RR. Aspergillus appendicitis in acute
myeloid leukaemia. Clin Lab Haematol 1990; 12: 471-476 [PMID:
2081387]

November 28, 2015|Volume 21|Issue 44|

Gjeorgjievski M et al . Aspergillus appendicitis associated with neutropenia and AML
4
5
6
7

8

9
10
11

12

13

14

15

16
17
18
19
20

21

22

Bova R, Meagher A. Appendicitis in HIV-positive patients. Aust N
Z J Surg 1998; 68: 337-339 [PMID: 9631905]
Lee J, Tashjian DB, Moriarty KP. Missed opportunities in the
treatment of pediatric appendicitis. Pediatr Surg Int 2012; 28:
697-701 [PMID: 22622518 DOI: 10.1007/s00383-012-3108-4]
Staib F. [Appendicitis & cecal phlegmons caused by Aspergillus].
Dtsch Med Wochenschr 1959; 84: 220-221 [PMID: 13630116]
Eggimann P, Chevrolet JC, Starobinski M, Majno P, Totsch M,
Chapuis B, Pittet D. Primary invasive aspergillosis of the digestive
tract: report of two cases and review of the literature. Infection
2006; 34: 333-338 [PMID: 17180588]
Hori A, Kami M, Kishi Y, Machida U, Matsumura T, Kashima T.
Clinical significance of extra-pulmonary involvement of invasive
aspergillosis: a retrospective autopsy-based study of 107 patients. J
Hosp Infect 2002; 50: 175-182 [PMID: 11886192]
Duthie R, Denning DW. Aspergillus fungemia: report of two cases
and review. Clin Infect Dis 1995; 20: 598-605 [PMID: 7756482]
Denning DW, Stevens DA. Antifungal and surgical treatment of
invasive aspergillosis: review of 2,121 published cases. Rev Infect
Dis 1990; 12: 1147-1201 [PMID: 2267490]
Wiley JM, Smith N, Leventhal BG, Graham ML, Strauss LC,
Hurwitz CA, Modlin J, Mellits D, Baumgardner R, Corden BJ.
Invasive fungal disease in pediatric acute leukemia patients
with fever and neutropenia during induction chemotherapy: a
multivariate analysis of risk factors. J Clin Oncol 1990; 8: 280-286
[PMID: 2299371]
Albelda SM, Talbot GH, Gerson SL, Miller WT, Cassileth
PA. Pulmonary cavitation and massive hemoptysis in invasive
pulmonary aspergillosis. Influence of bone marrow recovery
in patients with acute leukemia. Am Rev Respir Dis 1985; 131:
115-120 [PMID: 3966697]
Bai QX, Huan Y, Wang JH, Yang LJ, Dong HJ. Successful
treatment of liver aspergilloma by caspofungin acetate first-line
therapy in a non-immunocompromised patient. Int J Mol Sci 2012;
13: 11063-11070 [PMID: 23109838 DOI: 10.3390/ijms130911063]
Chasan R, Patel G, Malone A, Finn M, Huprikar S. Primary
hepatic aspergillosis following induction chemotherapy for acute
leukemia. Transpl Infect Dis 2013; 15: E201-E205 [PMID:
24034232 DOI: 10.1111/tid.12127]
van der Velden WJ, Blijlevens NM, Klont RR, Donnelly
JP, Verweij PE. Primary hepatic invasive aspergillosis with
progression after rituximab therapy for a post transplantation
lymphoproliferative disorder. Ann Hematol 2006; 85: 621-623
[PMID: 16758192]
Stevens DA, Melikian GL. Aspergillosis in the ‘nonimmuno
compromised’ host. Immunol Invest 2011; 40: 751-766 [PMID:
21985304 DOI: 10.3109/08820139.2011.614307]
Sanders DL, Pfeiffer RB, Hashimoto LA, Subramony C, Chen
F. Pseudomembranous gastritis: a complication from aspergillus
infection. Am Surg 2003; 69: 536-538 [PMID: 12852516]
Denning DW. Therapeutic outcome in invasive aspergillosis. Clin
Infect Dis 1996; 23: 608-615 [PMID: 8879787]
Dagenais TR, Keller NP. Pathogenesis of Aspergillus fumigatus
in Invasive Aspergillosis. Clin Microbiol Rev 2009; 22: 447-465
[PMID: 19597008 DOI: 10.1128/CMR.00055-08]
Gerson SL, Talbot GH, Hurwitz S, Strom BL, Lusk EJ, Cassileth
PA. Prolonged granulocytopenia: the major risk factor for invasive
pulmonary aspergillosis in patients with acute leukemia. Ann Intern
Med 1984; 100: 345-351 [PMID: 6696356]
Pagano L, Caira M, Candoni A, Offidani M, Martino B, Specchia
G, Pastore D, Stanzani M, Cattaneo C, Fanci R, Caramatti C,
Rossini F, Luppi M, Potenza L, Ferrara F, Mitra ME, Fadda RM,
Invernizzi R, Aloisi T, Picardi M, Bonini A, Vacca A, Chierichini
A, Melillo L, de Waure C, Fianchi L, Riva M, Leone G, Aversa
F, Nosari A. Invasive aspergillosis in patients with acute myeloid
leukemia: a SEIFEM-2008 registry study. Haematologica 2010; 95:
644-650 [PMID: 19850903 DOI: 10.3324/haematol.2009.012054]
Karaman I, Karaman A, Boduroğlu EC, Erdoğan D, Tanır G.
Invasive Aspergillus infection localized to the gastric wall: report
of a case. Surg Today 2013; 43: 682-684 [PMID: 22864935 DOI:

WJG|www.wjgnet.com

23

24
25
26
27

28
29

30

31

32

33

34

35

36

37
38

39

12720

10.1007/s00595-012-0255-0]
Denning DW. Aspergillosis. In: Longo DL, Kasper DL, Jameson
JL, Fauci AS, Hauser SL, Loscalzo J, editors. Harrison’s Principles
of Internal Medicine, 18th ed. New York: McGraw-Hill, 2012:
1655-1660
Bartlett JG. Aspergillosis update. Medicine (Baltimore) 2000; 79:
281-282 [PMID: 10941357]
Prescott RJ, Harris M, Banerjee SS. Fungal infections of the
small and large intestine. J Clin Pathol 1992; 45: 806-811 [PMID:
1401213]
Weingrad DN, Knapper WH, Gold J, Mertelsmann R. Aspergillus
Peritonitis complicating perforated appendicitis in adult acute
leukemia. J Surg Oncol 1982; 19: 5-8 [PMID: 6948978]
Alaskar A, Salih SB, Alshammari K, Bakkar M, Alkushi A.
Appendicitis and intestinal infarction due to aspergillosis in a
patient with acute myeloid leukemia. J Appl Hematol 2014; 5:
65-68
Bömelburg T, Roos N, von Lengerke HJ, Ritter J. Invasive
aspergillosis complicating induction chemotherapy of childhood
leukaemia. Eur J Pediatr 1992; 151: 485-487 [PMID: 1396907]
Larbcharoensub N, Boonsakan P, Kanoksil W, Wattanatranon
D, Phongkitkarun S, Molagool S, Watcharananan SP. Fungal
appendicitis: a case series and review of the literature. Southeast
Asian J Trop Med Public Health 2013; 44: 681-689 [PMID:
24050103]
Slavin RE, Dias MA, Saral R. Cytosine arabinoside induced
gastrointestinal toxic alterations in sequential chemotherapeutic
protocols: a clinical-pathologic study of 33 patients. Cancer 1978;
42: 1747-1759 [PMID: 709532]
Ben-Ami R, Lewis RE, Kontoyiannis DP. Enemy of the
(immunosuppressed) state: an update on the pathogenesis of
Aspergillus fumigatus infection. Br J Haematol 2010; 150: 406-417
[PMID: 20618330 DOI: 10.1111/j.1365-2141.2010.08283.x]
Arber C, Bitmansour A, Shashidhar S, Wang S, Tseng B,
Brown JM. Protection against lethal Aspergillus fumigatus
infection in mice by allogeneic myeloid progenitors is not major
histocompatibility complex restricted. J Infect Dis 2005; 192:
1666-1671 [PMID: 16206084]
BitMansour A, Cao TM, Chao S, Shashidhar S, Brown JM. Single
infusion of myeloid progenitors reduces death from Aspergillus
fumigatus following chemotherapy-induced neutropenia. Blood
2005; 105: 3535-3537 [PMID: 15576478]
Aapro MS, Bohlius J, Cameron DA, Dal Lago L, Donnelly JP,
Kearney N, Lyman GH, Pettengell R, Tjan-Heijnen VC, Walewski
J, Weber DC, Zielinski C; European Organisation for Research and
Treatment of Cancer. 2010 update of EORTC guidelines for the use
of granulocyte-colony stimulating factor to reduce the incidence
of chemotherapy-induced febrile neutropenia in adult patients with
lymphoproliferative disorders and solid tumours. Eur J Cancer
2011; 47: 8-32 [PMID: 21095116 DOI: 10.1016/j.ejca.2010.10.013]
Weycker D, Barron R, Edelsberg J, Kartashov A, Legg J, Glass
AG. Risk and consequences of chemotherapy-induced neutropenic
complications in patients receiving daily filgrastim: the importance
of duration of prophylaxis. BMC Health Serv Res 2014; 14: 189
[PMID: 24767095 DOI: 10.1186/1472-6963-14-189]
Nesher L, Rolston KV. Neutropenic enterocolitis, a growing
concern in the era of widespread use of aggressive chemotherapy.
Clin Infect Dis 2013; 56: 711-717 [PMID: 23196957 DOI:
10.1093/cid/cis998]
Ikard RW. Neutropenic typhlitis in adults. Arch Surg 1981; 116:
943-945 [PMID: 7259499]
Gorschlüter M, Mey U, Strehl J, Schmitz V, Rabe C, Pauls
K, Ziske C, Schmidt-Wolf IG, Glasmacher A. Invasive fungal
infections in neutropenic enterocolitis: a systematic analysis of
pathogens, incidence, treatment and mortality in adult patients.
BMC Infect Dis 2006; 6: 35 [PMID: 16504141]
ter Borg F, Kuijper EJ, van der Lelie H. Fatal mucormycosis
presenting as an appendiceal mass with metastatic spread to the
liver during chemotherapy-induced granulocytopenia. Scand J
Infect Dis 1990; 22: 499-501 [PMID: 2218411]

November 28, 2015|Volume 21|Issue 44|

Gjeorgjievski M et al . Aspergillus appendicitis associated with neutropenia and AML
40
41
42

Lamps LW, Molina CP, West AB, Haggitt RC, Scott MA. The
pathologic spectrum of gastrointestinal and hepatic histoplasmosis.
Am J Clin Pathol 2000; 113: 64-72 [PMID: 10631859]
Cappell MS, Mandell W, Grimes MM, Neu HC. Gastrointestinal
histoplasmosis. Dig Dis Sci 1988; 33: 353-360 [PMID: 3277825]
Pfaffenbach B, Donhuijsen K, Pahnke J, Bug R, Adamek RJ,
Wegener M, Ricken D. [Systemic fungal infections in hematologic

43

neoplasms. An autopsy study of 1,053 patients]. Med Klin (Munich)
1994; 89: 299-304 [PMID: 8072452]
Kazan E, Maertens J, Herbrecht R, Weisser M, Gachot B, Vekhoff
A, Caillot D, Raffoux E, Fagot T, Reman O, Isnard F, Thiebaut A,
Bretagne S, Cordonnier C. A retrospective series of gut aspergillosis
in haematology patients. Clin Microbiol Infect 2011; 17: 588-594
[PMID: 20636423 DOI: 10.1111/j.1469-0691.2010.03310.x]
P- Reviewer: Charfi S, Kim MY S- Editor: Ma YJ L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

12721

November 28, 2015|Volume 21|Issue 44|

World J Gastroenterol 2015 November 28; 21(44): 12722-12728
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i44.12722

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Successful resection of metachronous para-aortic, Virchow
lymph node and liver metastatic recurrence of rectal cancer
Nobuyoshi Takeshita, Toru Fukunaga, Masayuki Kimura, Yuji Sugamoto, Kentaro Tasaki, Isamu Hoshino,
Takumi Ota, Tetsuro Maruyama, Tomohide Tamachi, Takashi Hosokawa, Yo Asai, Hisahiro Matsubara
Nobuyoshi Takeshita, Toru Fukunaga, Masayuki Kimura,
Yuji Sugamoto, Kentaro Tasaki, Isamu Hoshino, Takumi
Ota, Tetsuro Maruyama, Tomohide Tamachi, Takashi
Hosokawa, Yo Asai, Department of Surgery, Numazu City
Hospital, Shizuoka 410-0302, Japan
Hisahiro Matsubara, Department of Frontier Surgery, Chiba
University Graduate School of Medicine, Chiba 260-8670, Japan
Author contributions: Takeshita N and Matsubara H planned
the report; Takeshita N, Fukunaga T, Kimura M, Sugamoto Y,
Tasaki K, Hoshino I, Ota T, Maruyama T, Tamachi T, Hosokawa
T and Asai Y performed the treatment for this case; and Takeshita
N wrote the paper.
Institutional review board statement: The case report was
reviewed and approved by Numazu City Hospital Institutional
Review Board.
Informed consent statement: The patient provided informed
written consent prior to treatment and publication.
Conflict-of-interest statement: We have no financial
relationships to disclose.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Nobuyoshi Takeshita MD, PhD,
Department of Surgery, Numazu City Hospital, Sizuoka,
Shizuoka 410-0302, Japan. ntakeshita1225@gmail.com
Telephone: +81-55-9245100
Fax: +81-55-9245133
Received: March 19, 2015
Peer-review started: March 20, 2015
First decision: July 17, 2015

WJG|www.wjgnet.com

Revised: August 17, 2015
Accepted: September 13, 2015
Article in press: September 14, 2015
Published online: November 28, 2015

Abstract
A 66-year-old female presented with the main
complaint of defecation trouble and abdominal
distention. With diagnosis of rectal cancer, cSS, cN0,
cH0, cP0, cM0 cStage Ⅱ, Hartmann’s operation with D3
lymph node dissection was performed and a para-aortic
lymph node and a disseminated node near the primary
tumor were resected. Histological examination showed
moderately differentiated adenocarcinoma, pSS, pN3,
pH0, pP1, pM1 (para-aortic lymph node, dissemination)
fStage Ⅳ. After the operation, the patient received
chemotherapy with FOLFIRI regimen. After 12 cycles
of FOLFIRI regimen, computed tomography (CT)
detected an 11 mm of liver metastasis in the posteroinferior segment of right hepatic lobe. With diagnosis
of liver metastatic recurrence, we performed partial
hepatectomy. Histological examination revealed
moderately differentiated adenocarcinoma as a
metastatic rectal cancer with cut end microscopically
positive. After the second operation, the patient
received chemotherapy with TS1 alone for 2 years. Ten
months after the break, CT detected a 20 mm of paraaortic lymph node metastasis and a 10 mm of lymph
node metastasis at the hepato-duodenal ligament.
With diagnosis of lymph node metastatic recurrences,
we performed lymph node dissection. Histological
examination revealed moderately differentiated
adenocarcinoma as metastatic rectal cancer in paraaortic and hepato-duodenal ligament areas. After
the third operation, we started chemotherapy with
modified FOLFOX6 regimen. After 2 cycles of modified
FOLFOX6 regimen, due to the onset of neutropenia and
liver dysfunction, we switched to capecitabine alone
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and continued it for 6 mo and then stopped. Eleven
months after the break, CT detected two swelling 12
mm of lymph nodes at the left supraclavicular region.
With diagnosis of Virchow lymph node metastatic
recurrence, we started chemotherapy with capecitabine
plus bevacizumab regimen. Due to the onset of
neutropenia and hand foot syndrome (Grade 3), we
managed to continue capecitabine administration
with extension of interval period and dose reduction.
After 2 years and 2 mo from starting capecitabine plus
bevacizumab regimen, Virchow lymph nodes had slowly
grown up to 17 mm. Because no recurrence had been
detected besides Virchow lymph nodes for this follow
up period, considering the side effects and quality of
life, surgical resection was selected. We performed
left supraclavicular lymph node dissection. Histological
examination revealed moderately differentiated
adenocarcinoma as a metastatic rectal cancer. After
the fourth operation, the patient selected follow up
without chemotherapy. Now we follow up her without
recurrence and keep her quality of life high.
Key words: Rectal cancer; Surgical resection; Virchow
lymph node metastasis; Para-aortic lymph node
metastasis; Liver metastasis; Peritoneal carcinomatosis;
Long-term survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A 66-year-old female who had para-aortic
lymph node metastasis and peritoneal dissemination
of rectal cancer underwent Hartmann’s operation.
Beginning from stage Ⅳ, liver metastasis, paraaortic and hepato-duodenal ligament lymph node and
Virchow lymph node recurrence were detected during
follow up period. According to the previous reports, the
resection of these severe recurrences is controversial.
We conducted four operations during 8 years for Stage
Ⅳ rectal cancer and its recurrences. Finally, there is
no recurrence radiologically. It should be considered
that surgical resection may bring longer term survival
especially in cases with difficulty in management of
chemotherapy.
Takeshita N, Fukunaga T, Kimura M, Sugamoto Y, Tasaki K,
Hoshino I, Ota T, Maruyama T, Tamachi T, Hosokawa T, Asai
Y, Matsubara H. Successful resection of metachronous paraaortic, Virchow lymph node and liver metastatic recurrence of
rectal cancer. World J Gastroenterol 2015; 21(44): 12722-12728
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i44/12722.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i44.12722

INTRODUCTION
In recent decades, great progress has been achieved
in the management of colorectal cancer, especially
in the development of new chemotherapeutic agents
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and surgical technique. The prognosis of patients with
stage Ⅳ colorectal cancer and its recurrence used
to be very poor, but depending on metastatic site,
surgical resection combined with chemotherapy may
bring longer term survival nowadays. Now, we herein
report a case of four times successful resections during
8 years for Stage Ⅳ rectal cancer and its liver, paraaortic, hepato-duodenal ligament and Virchow lymph
node metastases.

CASE REPORT
A 66-year-old female presented with the main
complaint of defecation trouble and abdominal
distention. Abdominal X-ray showed much of colon gas
and computed tomography (CT) showed hypertrophy
and obstruction of rectum and severe colonic dilatation
(Figure 1A). No metastasis was revealed in the liver
and lungs. Radiographical examination revealed
rectosigmoid obstruction and a decompressive
tube couldn’t pass the stenosis (Figure 1B). Mild
dehydration was shown, but other laboratory tests
and serum levels of carcino-embryonic antigen and
carbohydrate antigen 19-9 were all within normal
limits. The preoperative diagnosis was rectal cancer,
cSS, cN0, cH0, cP0, cM0 cStage Ⅱ by the Japanese
[1]
Classification of Colorectal Carcinoma (JCCC) .
Hartmann’s operation with D3 lymph node dissection
was performed and a swelling para-aortic lymph node
and a disseminated node near the primary tumor
were resected. R0 (microscopically negative margin)
surgery was achieved. Histological examination
showed moderately differentiated adenocarcinoma,
pSS, pN3, pH0, pP1, pM1 (para-aortic lymph node,
dissemination) fStage Ⅳ by JCCC (1) (Figure 1C
and D). After the operation, the patient received
chemotherapy with FOLFIRI regimen (starting doses:
2
2
irinotecan at 150 mg/m , folinic acid at 200 mg/m ,
2
fluorouracil (5-FU) bolus at 400 mg/m on day 1 and
2
5-FU continuous intravenous infusion at 2400 mg/m
on days 1-2, every two weeks). Between 12 cycles
of FOLFIRI regimen, due to the onset of neutropenia
(Grade 3), we managed to continue FOLFIRI regimen
with extension of interval period and dose reduction.
After 12 cycles of FOLFIRI regimen (one year after first
operation), CT detected an 11 mm of liver metastasis
in the postero-inferior segment of right hepatic lobe
(Figure 2A and B). With diagnosis of liver metastatic
recurrence, we performed partial hepatectomy.
Histological examination revealed moderately
differentiated adenocarcinoma as a metastatic rectal
cancer with cut end microscopically positive (R1)
(Figure 2C). After the second operation, the patient
received chemotherapy with TS1 alone for 2 years.
For 2 years, due to the onset of neutropenia (Grade
3), we managed to continue TS1 administration with
extension of interval period and dose reduction. Finally,
because of no recurrence, TS1 administration was
stopped by mutual consultation between the patient
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A

B

C

D

Figure 1 computed tomography showed hypertrophy and obstruction of rectum and severe colonic dilatation (A); Radiographical examination revealed
rectosigmoid obstruction (B); and Histological examination showed moderately differentiated adenocarcinoma, pSS, pN3, pH0, pP1, pM1 (para-aortic
lymph node, dissemination) fStage Ⅳ (C and D).

A

B

C

Figure 2 computed tomography detected an 11 mm of liver metastasis in the posteroinferior segment of right hematic lobe (A and B); and Histological
examination revealed moderately differentiated adenocarcinoma as a metastatic rectal cancer with cut end microscopically positive (C).
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A

C

B

Figure 3 computed tomography detected a 20 mm of para-aortic lymph node metastasis and a 10 mm of lymph node metastasis at the hepato-duodenal
ligament (A and B); and Positron emission tomography was performed and detected the recurrences at the same lesions (C).

and us. Ten months after the break, CT detected a
20 mm of para-aortic lymph node metastasis and
a 10 mm of lymph node metastasis at the hepatoduodenal ligament (Figure 3A and B). Positron
emission tomography was performed and detected
the recurrences at the same lesions (Figure 3C). With
diagnosis of lymph node metastatic recurrences, we
performed lymph node dissection (4 years after first
operation). R0 surgery was achieved. Histological
examination revealed moderately differentiated
adenocarcinoma as metastatic rectal cancer in paraaortic and hepato-duodenal ligament areas. After
the third operation, we started chemotherapy with
modified FOLFOX6 regimen (starting doses: oxaliplatin
2
at 85 mg/m , intravenous infusion folinic acid at
2
2
200 mg/m , bolus 5-FU at 400 mg/m on day 1 and
continuous intravenous infusion of 5-FU at 2400 mg/
2
m on days 1-2, every two weeks). After 2 cycles
of modified FOLFOX6 regimen, due to the onset of
neutropenia and liver dysfunction, we switched to
capecitabine alone and continued it for 6 mo and
then stopped. Eleven months after the break, CT
detected two swelling 12 mm of lymph nodes at the
left supraclavicular (Figure 4A). With diagnosis of
Virchow lymph node metastatic recurrence, we started
chemotherapy with capecitabine plus bevacizumab
regimen (5 years and 6 mo after first operation). Due
to the onset of neutropenia and hand foot syndrome
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(Grade 3), we managed to continue capecitabine
administration with extension of interval period and
dose reduction. After 2 years and 2 mo from starting
capecitabine plus bevacizumab regimen, Virchow
lymph nodes had slowly grown up to 17 mm (Figure
4B). Because no recurrence had been detected
besides Virchow lymph nodes for this follow up period,
considering the side effects and quality of life, surgical
resection was selected by mutual consultation between
the patient and us. We performed left supraclavicular
lymph node dissection (8 years after first operation).
R0 surgery was achieved. Histological examination
revealed moderately differentiated adenocarcinoma as
a metastatic rectal cancer. After the fourth operation,
the patient selected follow up without chemotherapy.
Now we follow up her without recurrence and keep her
quality of life high. Figure 5 shows the clinical course.

DISCUSSION
As a result of the significant advances in the clinically
available chemotherapeutic agents, such as 5-FU,
leucovorin and oxaliplatin combination chemotherapy
(FOLFOX) and 5-FU, leucovorin and irinotecan
combination chemotherapy (FOLFIRI), the median
survival time of patients with metastatic colorectal
cancer improved to > 20 mo in a recently published
[2]
report . Furthermore, recently, bevacizumab and anti-
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A

B

Figure 4 computed tomography detected two swelling 12 mm of lymph nodes at the left supraclavicular (A); and Virchow lymph nodes had slowly grown
up to 17 mm (B).

Para-aorta and
hepatoduodenal
ligament lymph
node recurrence

Liver
metastatic
recurrence
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Virchow
lymph node
recurrence
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Cape + Bev
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st

30

nd

1 ope
2 ope
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70
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Para-aorta and
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4 ope
Virchow
lymph node
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Figure 5 clinical course of this case.

EGFR monoclonal antibody have been reported to
[3,4]
improve the survival times of patients . Many kinds
of chemotherapeutic agents are available, but it is
important to manage side effects and keep quality of
[5]
life high .
In colorectal cancer, up to about 20% of all
patients present with stage Ⅳ disease at initial
[6,7]
diagnosis . Liver, lung and peritoneum are the most
frequently observed metastatic site. It was reported
that sites of metastasis were liver 85%, lung 4%
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[7]

and peritoneum 10% . For patients with resectable
metastatic lesion, R0 surgery was thought to lead to
improvement of prognosis. In the cases of liver or
lung metastasis, this policy has been well acceptable
and 5 year survival rates were reported to be above
[8,9]
60% . Peritoneal carcinomatosis is thought to result
from peritoneal spread of cancer cells or seeding
of the peritoneum during surgery, and it has been
[10]
associated with a median survival time of 7 mo .
Recently, the combination of multimodality therapy

12726

November 28, 2015|Volume 21|Issue 44|

Takeshita N et al . Severe metastatic recurrence of rectal cancer
and cytoreduction surgery has been accepted and
using this approach, median survival exceeding 60 mo
[11]
has been reported . Although in the limited cases,
surgical resection was acceptable option for the patient
with peritoneal carcinomatosis from colorectal cancer.
Extra-mesenteric lymph node metastasis such
as para-aortic lymph node and lateral pelvic lymph
node metastasis are thought to be poor prognostic
risk factors and the indication of surgical resection
[12]
for these conditions is controversial . On the other
hand, para-aortic lymph node recurrence after curative
surgery for colorectal cancer is more rare condition.
It was reported that isolated para-aortic lymph node
recurrence was identified in 1.3% of the patients
who underwent curative surgery for colorectal cancer,
and the median survival time from para-aortic lymph
node recurrence for the resected patients was 34 mo,
whereas it was 12 mo for those who did not undergo
[13]
resection . Lymph node metastasis outside the
mesenteric lesion may represent metastasis from
metastasis. Traditionally, metastatic disease in the
hilar or para-aortic lymph nodes has been considered
a strong relative contraindication to surgery due
to poor prognosis. However, more recently, with
more effective chemotherapy, the role of resection
of these extra hepatic lymph node metastasis has
been reconsidered. The patients of colorectal liver
metastasis with lymph node metastasis in hepatoduodenal ligament and retro-pancreatic area had a
5-year survival greater than 30%. These data may
have important implications to help select patients for
surgical resection. On the other hand, these patients
with lymph node metastasis in para-aortic area had
median survival of only 17 mo and every patient
experienced a recurrence. On the basis of these data,
surgical resection for the cases with para-aortic lymph
[14]
node metastasis should be more controversial . Left
supraclavicular lymph node is often called Virchow
lymph node. The lymphatic vessels including the
thoracic duct arrive at the Virchow lymph node, and
this is recognized as being “final destination” of lymph
[15]
nodes . The metastasis to this lesion is thought to be
extremely poor prognostic risk factor and the evidence
of the treatment option for this is insufficient. There
are some reports about synchronous or metachronous
metastasis of Virchow lymph node which were treated
by chemotherapy or chemoradiotherapy and achieved
[16,17]
good prognosis
.
In this case, para-aortic lymph node metastasis and
peritoneal dissemination of rectal cancer were revealed
in first operation. Beginning from stage Ⅳ, three times
operations were done for liver metastatic recurrence,
para-aortic and hepato-duodenal ligament lymph
node recurrence and Virchow lymph node recurrence.
According to previous reports, the resection of
liver metastatic recurrence was acceptable, but the
indication of the extrahepatic disease, such as paraaortic, hepato-duodenal ligament and Virchow lymph
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node is controversial. Furthermore, para-aortic and
Virchow lymph node recurrences may be thought
to be extremely poor prognostic factors. Meanwhile,
this patient had difficulty with the management of
chemotherapeutic side effects. In fact, extension of
interval period and dose reduction of chemotherapy
was necessary and her quality of life was low due to
the onset of neutropenia and other side effects. As
to Virchow lymph node metastasis, during the period
of chemotherapy which had been continued for two
years, other new metastatic lesion had not revealed
and the target lesion had been slowly increasing.
Although we could change the regimen and continue
other chemotherapy, the patient didn’t wish to suffer
new side effect and preferred surgical resection. It was
not easy to propose the option of surgical resection,
but we thought that the option of surgery could be
acceptable when adequate informed consent about
the risks, benefits and other therapeutic options are
obtained from the patient. After the R0 surgery of
Virchow lymph node recurrence, the necessity of
chemotherapy may be controversial. The patient
understood the risk of recurrence and preferred the
follow up without chemotherapy with keeping her
quality of life high. In this case, we conducted four
times operations during 8 years for Stage Ⅳ rectal
cancer and its recurrences. As a result, now, there is
no recurrence lesion radiologically.
Although surgery alone for sever metastatic
recurrence is rarely selected due to the advance of
multimodality therapy, it should be considered that
surgical resection may bring longer term survival
especially in cases with difficulty in management
of side effects or necessity of dose reduction
chemotherapy. In the recurrent lesion without enough
data about long term prognosis, such as para-aortic
and Virchow lymph node, we hope that the reports
like our approach will be accumulate and make use in
decision of therapeutic options in future.
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A female patient underwent four times operations during 8 years for Stage Ⅳ
rectal cancer and its liver, para-aortic, hepatoduodenal ligament and Virchow
lymph node metastasis.
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Rectal cancer and its recurrence.
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Surgical resection and chemotherapy were performed.
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Related reports

According to previous reports, the resection of liver metastatic recurrence was
acceptable, but the indication of the extrahepatic disease, such as para-aortic,
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to the advance of multimodality therapy, it should be considered that surgical
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Abstract
Hepatic artery thrombosis is a serious complication
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after liver transplantation which often results in
biliary complications, early graft loss, and patient
death. It is generally thought that early hepatic artery
thrombosis without urgent re-vascularization or retransplantation almost always leads to mortality,
especially if the hepatic artery thrombosis occurs
within a few days after transplantation. This series
presents 3 cases of early hepatic artery thrombosis
after living donor liver transplantation, in which surgical
or endovascular attempts at arterial re-vascularization
failed. Unexpectedly, these 3 patients survived with
acceptable graft function after 32 mo, 11 mo, and 4
mo follow-up, respectively. The literatures on factors
affecting this devastating complication were reviewed
from an anatomical perspective. The collective evidence
from survivors indicated that modified nonsurgical
management after liver transplantation with failed
revascularization may be sufficient to prevent mortality
from early hepatic artery occlusion. Re-transplantation
may be reserved for selected patients with unrecovered
graft function.
Key words: Complication; Hepatic artery; Thrombosis;
Liver transplantation; Revascularization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We present 3 cases of early hepatic artery
thrombosis after living donor liver transplantation, in
which surgical or endovascular attempts at arterial revascularization failed. Unexpectedly, these 3 patients
survived with acceptable graft function after 32 mo, 11
mo, and 4 mo follow-up, respectively. The literatures
on factors affecting this devastating complication were
reviewed from an anatomical perspective. Our three
cases raise the possibility that a modified nonsurgical
management strategy may be sufficient for recovery
from early hepatic artery thrombosis after liver
transplantation with failed revascularization procedures.
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INTRODUCTION
Hepatic artery thrombosis (HAT) is a serious com
plication after liver transplantation (LT) which often
results in biliary complications, early graft loss, and
[1-3]
patient death . HAT is defined according to the time
of onset, with early HAT occurring 30 d or less after LT
[2]
and late HAT occurring more than 30 d after LT . In
[3]
a large study of 21822 patients who underwent LT ,
the overall incidence of early HAT was 4.4%, higher in
children than in adults (8.3% vs 2.9%), and diagnosed
at a median of postoperative day (POD) 7. Early HAT
resulted in an overall re-transplantation rate of 53.1%
(children higher than adults, 62% vs 50%) and an
overall mortality rate of 33.3% (adults higher than
[3]
children, 34.3% vs 25%) . It is generally thought that
early HAT (especially within the first few days after
transplantation) without urgent re-vascularization or
re-transplantation almost always leads to mortality.
However, in this case series, 3 patients with early
HAT after living donor LT with failed arterial revascularization survived with acceptable graft function
after 32 mo, 11 mo, and 4 mo follow-up, respectively
(Table 1). Possible explanations were discussed from
an anatomical perspective. Our three cases raise the
possibility that a modified nonsurgical management
strategy may be sufficient for recovery from early HAT
after LT with failed revascularization procedures.

CASE REPORT
Case 1

A 60-year-old woman with recurrent hepatocellular
carcinoma (HCC) and hepatitis C virus-related liver
cirrhosis underwent living donor LT (right lobe from
her 31-year-old son). Hepatic artery anastomosis was
performed smoothly under an operating microscope.
Extubation was performed on POD 2. However,
she had abrupt elevation of liver enzymes and
hyperbilirubinemia on POD 7 [alanine transaminase
(ALT) 1183 U/L from 211 U/L on POD 6, total bilirubin
(T-bil) 4.25 mg/dL from 1.78 mg/dL]. Doppler
ultrasonography showed no HA blood flow. CT
angiography further disclosed the absence of intrahepatic arterial flow and a hypodense lesion suspected
to be an infarction at S7-8 of the liver. Angiography
confirmed the diagnosis of thrombosis at the proper
HA anastomosis (Figure 1), and the angiographic
micro-catheter failed to pass through the occlusion
site. She then underwent urgent laparotomy. Re-
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anastomosis of the HA failed and the HA graft was
not suitable for another attempt at re-anastomosis.
Under supportive treatment, the patient’s liver function
recovered gradually (POD 31: ALT 160 U/L, T-bil
2.02 mg/dL) and she was discharged 31 d after liver
transplantation. The patient took aspirin 100 mg daily
thereafter. She had 3 episodes of biliary tract infection
nd
th
th
(BTI) on the 2 , 4 , and 5 month after LT, which
required hospitalization for intravenous antibiotics
th
treatment. CT scan at the post-operative 5 month
showed no remarkable intrahepatic duct dilatation or
infarction of the liver parenchyma. She has remained
well with normal graft function after 32 mo of followup.

Case 2

A 49-year-old man with alcoholic liver cirrhosis
underwent living donor LT (right lobe from her
23-year-old son). The HA was anastomosed end-toend under an operating microscope. Extubation was
performed on POD 1. Elevation of liver enzymes and
hyperbilirubinemia were found on POD 1 (ALT 456
U/L from 17 U/L, T-bil 7.78 mg/dL from 1.73 mg/dL).
Doppler ultrasonography showed no HA flow. CT
angiography disclosed total occlusion of the grafted
HA. An attempt to place an intra-arterial catheter
for endovascular management on POD 1 resulted in
extravasation distal to the anastomosis site. On POD3,
an intra-arterial catheter was placed at the anastomosis
site for endovascular thrombolysis, but still no arterial
flow was noted. On POD7, the intra-arterial catheter
was re-implanted for urokinase infusion (60000 IU/h
for 4 h), but angiography on POD8 showed persistent
thrombosis at the anastomosis site (Figure 2A). The
patient’s liver function improved gradually under
supportive treatment (POD 17: AST 53 U/L, ALT 169
U/L, T-bil 2.98 mg/dL, D-bil 1.51 mg/dL) and he
was discharged on POD 17 after LT. The patient took
aspirin 100 mg daily after discharge. In the following
th
9 mo, he had one episode of BTI at the 7 month
after LT which required hospitalization for intravenous
antibiotics treatment. Magnetic resonance angiography
th
on the 8 month after LT showed recanalization of
the intrahepatic artery via another artery (possibly
the right inferior phrenic artery; Figure 2B). He has
remained well with normal graft function after 11 mo
of follow-up.

Case 3

A 13-year-old boy with primary sclerosing cholangitis
(after common bile duct excision and Reux-en-Y
hepaticojejunostomy at age 11) underwent living
donor LT (left lobe from his 44-year-old mother).
Hepatic artery anastomosis had been performed twice
because of donor artery intima dissection. He had
elevated liver enzymes on POD1 (ALT 699 U/L from 61
U/L, T-bil 8.21 mg/dL from 1.77 mg/dL). CT on POD 2
showed occlusion of the proper HA at the anastomosis
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Table 1 Demographic and clinical data of patients with early hepatic artery thrombosis after living donor liver transplantation

Age (yr)
Gender
Indication of LT
Donor age (yr)/gender
Graft
HA anastomosis condition
Time of diagnosis of HAT
Management
Discharge time
Follow-ups

Case 1

Case 2

Case 3

60
Female
HCV/HCC
31/male
Right lobe
9-0, once
82 min
POD 7
Surgical reanastomosis, failed
POD 31
32 mo
(BTI x 3)

49
Male
Alcoholic cirrhosis
23/male
Right lobe
9-0, twice
36 + 43 min
POD 1
Angiographic procedure, failed
POD 17
11 mo
(BTI x 1)

13
Male
PSC
44/female
Left lobe
8-0, twice
30 + 99 min
POD 2
Angiographic procedure, failed
POD 36
4 mo
(no BTI)

LT: Liver transplantation; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; PSC: Primary sclerosing cholangitis; POD: Postoperative day; BTI:
Biliary tract infection.

Figure 1 Angiography in a 60-year-old woman 9 d after living donor
liver transplantation shows thrombosis at the proper hepatic artery
anastomosis, in which endovascular intervention failed to restore blood
flow through the hepatic artery occlusion.

site. Angiography showed total occlusion of the proper
HA (Figure 3), prompting urokinase 20000 IU injection
through a microcatheter with its tip inserted within the
thrombosed proper HA, but in vain. The patient’s liver
function improved gradually with no further treatment
of the thrombosed HA (POD 36: ALT 23 U/L, T-bil 0.69
mg/dL). He was discharged on POD 36 after LT and
prolonged ascites drainage. He has remained well with
normal graft function 4 mo after LT without any BTI
episode during follow-up.

DISCUSSION
HAT is a serious complication after LT which often
nd
results in patient death and is the 2 leading cause
[1]
of early graft failure after primary nonfunction .
The etiology of early HAT is thought to be related
not only to surgical factors such as vessel kinking,
stenotic anastomosis, and intimal dissection, but
also to non-surgical factors such as elderly donors,
[4]
hypercoagulable state, and rejection episodes . Risk
factors of early HAT reported in literature include
cytomegalovirus mismatch, re-transplantation, use
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of an arterial conduit, prolonged operation time,
low recipient body weight, variant arterial anatomy,
[3]
lower volume LT hospital , and delay in arterial
[4]
reperfusion . Besides, use of continuous rather than
interrupted sutures to anastomose the ends of an
hepatic artery was associated with higher incidence
[5]
of HAT . The most frequent clinical presentation
[1]
(30%) of early HAT is acute fulminant hepatic failure ,
and the diagnosis of early HAT is often confirmed by
thrombo/embolic occlusion of the hepatic artery on
Doppler ultrasonography and/or CT/angiography.
Routine Doppler ultrasonography in the first 3 d
after LT allows early detection of HAT, and makes
[6]
rescue interventions before liver damage possible .
Introduction of microvascular reconstruction has
[7]
significantly decreased the incidence of HAT .
Therapeutic options for HAT include arterial
revascularization and re-transplantation. Revas
cularization could be surgical re-anastomosis (or
thrombectomy) or endovascular treatments such
as intra-arterial thrombolysis and percutaneous
transluminal angioplasty with/without stent placement
or balloon dilatation. Although re-transplantation
is traditionally the gold standard of therapy for
HAT, in areas with organ shortage such as Asia,
timely re-transplantation may not be feasible.
Thus endovascular or surgical revascularization is
often the first line treatment for patients with HAT.
Arterial revascularization via endovascular or surgical
procedures may reduce graft loss and improve
[8]
[9]
outcome in both adult and pediatric LT recipients
with early HAT. Most studies suggest the use of
[10]
endovascular urokinase or heparin for HAT after LT ,
which has a 68% success rate (with internal bleeding
[10]
as its most common complication) . Several studies
reported that antiplatelet prophylaxis can reduce the
incidence of HAT in selected adult patients after LT,
with no increase in the incidence of bleeding events
[11,12]
and wound complications
.
HAT causes ischemic injury of the biliary system
and liver parenchyma leading to biliary necrosis
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A
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Figure 3 Angiography in a 13-year-old boy 2 dafter living donor liver
transplantation shows total occlusion of the proper hepatic artery despite
injection of 10000 IU of urokinase through a microcatheter with tip
inserted into the thrombosed proper hepatic artery.

Figure 2 Angiography in a 49-year-old man 8 d after living donor liver
transplantation shows persistent thrombosis at the anastomosis site of
hepatic artery (A), however magnetic resonance angiography at the 8th
month after liver transplantation shows recanalization of intrahepatic
artery via right inferior phrenic artery (B).
[1,2]

and the formation of liver abscesses
. In our 3
cases, endovascular or surgical revascularization
was performed but failed to restore blood flow.
However, the grafts functioned well, without the need
[13]
for re-transplantation. Recently, Boleslawski et al
recommended HA ligation as a reasonable option for
HA ruptures following LT. Of the seven patients who
received HA ligation for HA rupture, six survived well
with functional grafts during follow-up. It is unclear
why these patients did not develop severe ischemic
cholangiopathy. Looking at this problem from an
anatomical perspective, the biliary system has three
zones with different blood supplies: the intrahepatic
bile ducts, hilar ducts, and extrahepatic bile ducts.
The intrahepatic biliary ducts are surrounded by a rich
[14]
microvascular network (the peribiliary plexus) . Some
experimental studies have supported the suggestion
of arterioportal communication through the peribiliary
[15]
plexus . The peribiliary plexus represents a collateral
source of arterial blood to the liver when the hepatic
[16]
artery is occluded . Therefore, biliary ischemia of
the distal bile ducts usually occurs because of injury
to the arteries supplying the distal extrahepatic ducts
but is not always inevitable because of the existence
[17]
of arterioportal collaterals . If the hepatic ducts of a
liver graft were transected at a proximal level during
the operation to remove the living donor’s liver, the
risk of devastating biliary ischemia after HA occlusion
would be expected to be lower because proximal
hepatic ducts behave more like the intrahepatic ducts.
In 2 of our 3 cases, the bile ducts of the liver grafts
were proximally transected, supporting our hypothesis.
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In case 1, the bile ducts in the right lobe liver graft had
two orifices, and in case 3, left donor hepatectomy
was performed. Moreover, in a rat model of liver
transplantation, arterial reconstruction was regarded
[18]
as unnecessary and thus not routinely performed .
Recent studies reported the same survival rate in
LT rats with HA reconstruction and LT rats without
HA reconstruction (though the latter are associated
with more graft parenchymal damage in the early
[15]
postoperative period) . The detail mechanism of
hepatic arterial collateral formation via inferior phrenic
artery is not clear, however, arterial collaterals through
the bare area of liver in recurrent hepatocellular
carcinoma after transarterial chemoembolization is not
uncommon.
Development of HAT within 7 d of LT is an indication
[19]
of emergency transplant status (UNOS status 1) .
However, emergency LT and especially emergency retransplantation are often associated with lower patient
and graft survival as compared with non-emergency
[20-23]
. Considering
LT and elective re-transplantation
that the real outcome of early HAT may not be as bad
as once thought, patients may not need to undergo
high risk emergency re-transplantation routinely. As
a result, we recommend a short-term “wait and see”
policy when patients developed early HAT even if it
happens within 7 d of LT, as long as their biochemical
and hemodynamic status remains relatively stable. Retransplantation may be reserved for select patients
who present with unrecovered graft function after early
HAT and fail to be rescued by endovascular or surgical
intervention. Besides, mesenteric arteriovenous shunt
(partial portal arterialization) had been reported
effective in preventing hepatic failure caused by
interruption of hepatic artery flow, and might also be
an option to gain time until collateral arterial vessels
[24]
develop or re-transplant . In summary, our cases
illustrate that very early HAT without successful urgent
re-vascularization or urgent re-transplantation may
not always lead to mortality. In patients with very
early HAT, urgent endovascular intervention or surgical
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exploration for re-vascularization is recommended.
However, when re-vascularization fails, observation
with supportive care such as maintaining relatively
high blood pressure and arterial patency by antiplatelet therapy may be a feasible strategy. Retransplantation may be preserved for selected cases
such as those who fail to recover graft function.

2

3

4

COMMENTS
COMMENTS
Case characteristics

Three patients presented with symptoms of liver dysfunction within one week
after living-donor liver transplantations.

5

Clinical diagnosis

Hepatic artery thrombosis after living donor liver transplantations.

Differential diagnosis

Primary graft nonfunction, rejection, portal vein thrombosis.

6

Laboratory diagnosis

The three patients had various degree of elevation of liver enzymes and
hyperbilirubinemia.
7

Imaging diagnosis

For three cases, computed tomographic angiography scan showed occlusion of
hepatic artery.

Pathological diagnosis

8

No pathological diagnosis in these three cases.

Treatment

The first patient underwent urgent surgical re-anastomosis of the hepatic artery
but failed. All of the three patients underwent endovascular treatment but failed.

9

Related reports

One recent study recommended hepatic artery ligation as a reasonable option
for hepatic artery ruptures following liver transplantations.

10

Term explanation

Hepatic artery thrombosis is a serious complication after liver transplantation
which often results in biliary complications, early graft loss, and patient death.

11

Experiences and lessons

These three cases raise the possibility that a modified nonsurgical management
strategy may be sufficient for recovery from early hepatic artery thrombosis
after liver transplantation with failed revascularization procedures.

12

Peer-review

The authors have described three cases of early hepatic artery thrombosis after
living donor liver transplantation, in which surgical or endovascular attempts at
arterial re-vascularization failed. Unexpectedly, these 3 patients survived with
acceptable graft function after 32 mo, 11 mo, and 4 mo follow-up, respectively.
These cases outlines that a modified nonsurgical management strategy may be
sufficient for recovery from early hepatic artery thrombosis.

14
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Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

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

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

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

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

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

II

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

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

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

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

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

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

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

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

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

III

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

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

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
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Abstract
Colorectal carcinoma (CRC), as the third most common
new cancer diagnosis, poses a significant health
risk to the population. Interval CRCs are those that
appear after a negative screening test or examination.
The development of interval CRCs has been shown
to be multifactorial: location of exam-academic
institution versus community hospital, experience
of the endoscopist, quality of the procedure, age of
the patient, flat versus polypoid neoplasia, genetics,
hereditary gastrointestinal neoplasia, and most
significantly missed or incompletely excised lesions. The
rate of interval CRCs has decreased in the last decade,
which has been ascribed to an increased understanding
of interval disease and technological advances in the
screening of high risk individuals. In this article, we aim
to review the literature with regard to the multifactorial
nature of interval CRCs and provide the most recent
developments regarding this important gastrointestinal
entity.
Key words: Colorectal carcinoma; Interval colorectal
carcinoma; Post colonoscopy colorectal cancer; Detection;
Screening
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interval colorectal cancers (CRCs) represent
a small but important subgroup of colorectal cancers.
Interval CRCs are those that appear after a negative
screening test or examination. The development of
interval CRCs has been shown to be multifactorial. We
aim to review the multifactorial nature of interval CRCs
and provide the most recent developments regarding
this important entity.
Benedict M, Neto AG, Zhang X. Interval colorectal carcinoma:
An unsolved debate. World J Gastroenterol 2015; 21(45):
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INTRODUCTION
Colorectal carcinoma (CRC) is the third most com
mon new cancer diagnosis as well as the third
[1]
most common cause of death due to cancer . An
estimated 96090 new cases of colorectal cancer with
49700 deaths are expected to occur in the United
[1]
States for 2015 . The 5-year survival rate for CRC
that is localized at the time of diagnosis is 90% with
a decrease to 68% with regional involvement and
a precipitous decline to 10% if distant metastases
[2]
are discovered . Colonoscopy has been an effective
measure in the screening and ultimate prevention
of CRC with a 30-year decline in new cases and
[3]
deaths as a result of CRC . There are over 12 million
colonoscopic procedures performed in the USA
each year with roughly half occurring due to CRC
[3]
prevention . The current prevention strategy dictates
that at 50 years of age a screening colonoscopy
be performed and every ten years subsequent to
[4]
a negative exam . The United States Preventative
Services Task Force recommends against the routine
[5]
screening of any individual after the age of 75 .
Adenomatous as well as serrated polyps harbor
malignant potential and require additional early
[5]
screening for the development of CRC . Those patients
with two or more tubular adenomas that measure
less than 10 mm should have a colonoscopic exam
[5]
every 5 years . A three year repeat colonoscopy is
required for patients that have three to 10 adenomas,
an adenoma or serrated polyp greater than or equal
to 10 mm, an adenoma with villous features or high
grade dysplasia, a dysplastic serrated adenoma,
[5]
or a traditional serrated adenoma . Endoscopic
surveillance becomes more tenuous in cases of
inflammatory bowel disease (IBD). Inflammatory
bowel diseases, specifically ulcerative colitis and Crohn’
s disease, are damaging processes that result from
the constant assault on the bowel by inflammation.
Ulcerative colitis characteristically involves the rectum
with proximal extension to involve all or just a portion
of the colon. However, Crohn’s disease is characterized
by its patchy involvement of the gastrointestinal
tract from the mouth to the anus. There is a bimodal
age distribution for inflammatory bowel disease with
peak incidences in the age range of 15-30 years and
[6]
50-80 years . Inflammatory bowel disease shows
its highest prevalence in western countries, with
[7]
nearly 1.4 million Americans affected . Patients with
inflammatory bowel disease are at increased risk for
[8]
CRC as well as a more rapid progression to CRC .
However, the overall incidence of IBD-related CRC
[9]
has decreased in recent years . Of the conditions
which are risk factors for the development of CRC,
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IBD ranks third behind familial adenomatous polyposis
(FAP) and hereditary nonpolyposis colorectal cancer
[10]
syndrome (HNPCC/Lynch syndrome) . In the general
population, screening colonoscopy seeks to identify
dysplastic or premalignant conditions, namely colon
polyps, which are typically easily visualized and
[11]
resected . In stark contrast, dysplasia in IBD is
difficult to recognize at colonoscopy, as it is often seen
to arise from flat, plaque-like, or occasionally raised
polypoid lesions defined as dysplasia-associated lesion
[11]
or masses (DALM) . In addition to the difficulties
posed by flat dysplasia, operator-dependent variability
and the quality of examination contribute to the
inconsistent effectiveness of colonoscopy, especially
[12]
in the proximal colon . All of these factors, as
well as additional contributing factors that will be
subsequently discussed, contribute to what is called
interval colorectal carcinoma.

DEFINITION AND INCIDENCE OF
INTERVAL COLORECTAL CARCINOMA
The definition of interval CRC is varied and complex.
Therefore, the Expert Working Group on interval CRC
of the Colorectal Cancer Screening Committee of the
World Endoscopy Organization (WEO) has set out
[12]
to standardize the nomenclature for its definition .
After a literature review, the WEO has defined an
interval CRC as “colorectal cancer diagnosed after a
colorectal screening examination or test in which no
cancer is detected, and before the date of the next
[12]
[13]
recommended exam” . Samadder et al
conducted
a population based-study of Utah residents and
observed that 3.4% of all CRCs occurred in 6-36 mo
[14]
from their index colonoscopy. Singh et al
looked
at 4883 cases of CRCs and concluded that 1 in 13
CRCs may be an early or missed CRC, diagnosed
after an index colonoscopy. Whereas, additional data
suggests that 1 in 45 of CRCs are of the interval
[15]
type . Several studies site incidence rates of interval
[15]
CRC to be as high as 9% of all diagnosed CRCs .
Site specific interval CRCs were identified and include
(based on nine studies): 4615 proximal interval CRCs
out of 53847 total proximal CRCs and 2726 distal
[10]
interval CRCs out of a total 77922 distal CRCs .
This corresponds to 1 in 15 proximal CRCs being
[10]
interval and 1 in 34 distal CRCs being interval .
Proximal interval CRCs are 2.4 times more likely when
[10]
compared to distal interval CRCs . Sanduleanu et
[15]
al
calculated the magnitude of threat posed by
interval CRCs to be in the range of 30000 out of one
million new cases of CRC diagnosed worldwide each
year, based on an average-risk scenario of 1 out of 30
diagnosed CRCs.

RISK FACTORS
There are several factors that have been implicated in the
development of interval CRCs including: technical factors,
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biology-related, nonpolypoid colorectal neoplasms,
serrated lesions, hereditary cancer syndromes (for
[15]
example Lynch Syndrome), among others .

Technical factors

Colonoscopy value, defined using both health outcomes
and cost, is intimately linked to the physician performing
the procedure, university facility versus community
practice, site of service, and the engagement of the
[3]
patient in the colonoscopy sequence . Physician factors
have proved most directly related to the risk of an
interval CRC. The use of three quality metrics: adenoma
detection rate, use of recommended screening and
surveillance intervals, and cecal intubation rate are
[3]
measures which are used to establish this link . A
great deal of data exists to support the notion that
colonoscopy is less effective in preventing right sided
CRCs and that those trained in proper colonoscopic
techniques, specifically gastroenterologists, are more
effective in the prevention of CRC when compared to
[16-22]
other types of physicians
.
Early colorectal neoplasia has been increasingly
treated by conventional endoscopic resection,
including endoscopic mucosal resection (EMR) and
[23]
polypectomy . Piecemeal EMR is an accepted
treatment option for large adenomatous colorectal
neoplasms (> 20 mm) in diameter, however it is
more advantageous to resect neoplasia with en bloc
resection, which results in a more accurate histological
[23]
assessment . With that being said, endoscopic
submucosal dissection (ESD) is an effective, safe,
and convenient approach that has gradually been
[23]
established and has now in more general use .
ESD, like polypectomy (discussed subsequently),
also falls prey to the problem of incomplete resection
[23]
[23]
and local recurrence . Oka et al , using data
from a multicenter prospective cohort, showed that
piecemeal resection is the most important risk factor
for a local recurrence after endoscopic resection
(ER), irrespective of the method of ER used. They
report local recurrence rates of 0%-17.9% for en bloc
[23]
resection and 4.8%-31.4% for piecemeal resection .
Hence, the guidelines for CRC screening and
surveillance recommend a follow-up colonoscopy at 3-6
[23]
mo after piecemeal EMR . Like endoscopic resection,
incomplete polypectomy and missed lesions are evolving
as a substantial risk factor for the development of interval
[24]
CRCs. Robertson et al
showed that 26% of interval
CRCs developed in the same anatomical area as where
the patient’s previous polypectomy occurred. Chen et
[25]
al
also showed similar results of interval CRC after
incomplete polypectomy. In a study performed by
[26]
Atkin et al , 31 of 842 patients with tubulovillous
adenomas, specifically of the rectosigmoid, which were
most likely incompletely excised, ended up developing
interval CRCs. Missed lesions were the most probable
cause of interval CRC in 15 out of 28 patients as
[27]
revealed by le Clercq et al . Additionally, using
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pooled data on 9167 adenoma patients, Robertson
[28]
et al
showed that 58 people were diagnosed with
CRC within 4 years of colonoscopy and three quarters
were likely the result of a missed lesion, incomplete
adenoma resection or failed biopsy detection.
Patient related factors also contribute to the risk of
interval CRC. Patients with interval CRCs are on average
6 years older than those with non-interval colon cancer
and typically have substantial co-morbidities, such as
[15]
cardiovascular disease or a history of diverticulosis .
Patients who are older, frail, and have co-morbidities
are more prone to have inadequate bowel preparations,
which may explain the increased risk of interval CRCs
[15]
seen in these individuals . Colonoscopic examination
can be difficult in patients with diverticular disease
and when coupled with the fact that patients with
diverticular disease have a higher risk of harboring
adenomas and advanced adenomas in the sigmoid
colon, may increase the risk of interval CRC in these
[29]
persons .

Sessile serrated adenoma/polyps

In order for interval CRCs to occur several conditions
need to be fulfilled; namely, a precursor lesion
that is rapidly progressive, evades detection, and
[30]
is difficult to resect . Sessile serrated adenomas
(SSA) are the perfect precursor that fulfills these
criteria. SSAs without dysplasia are often difficult for
endoscopists to detect due to their flat and indistinct
nature. SSA prevalence at colonoscopy has always
been accepted to be in the realm of 2%, however,
recent evidence suggests that these lesions may be
more common than previously thought, specifically
[31]
4-6 fold higher . Endoscopically, sessile serrated
adenomas with dysplasia (SSA-D) are identifiable
due to their dysplastic component, which appears
to the endoscopist as a typical adenoma; however,
when the endoscopist resects the polyp, the dysplastic
component is removed leaving the nondysplastic
[30]
component behind . Endoscopic snare resection of
SSAs are often incomplete with studies suggesting that
in 31% of cases residual SSAs are left behind, when
compared to conventional adenomas, a residual rate of
[32]
only 7.2% is seen . Large SSAs (1-2 cm) show even
greater rates of residual tumor, with one study showing
up to 48% of large SSA polypectomies resulting in
[32]
residual disease . The reason for such concern over
an incomplete SSA polypectomy lies in the genetic
make-up of these neoplasms. Sessile serrated
adenomas commonly have activating mutations of the
BRAF proto-oncogene, and develop hypermethylation
of the CpG promoter regions of mismatch repair genes
(i.e., MLH-1), which leads to microsatellite instability
[30]
(MSI) and is a well-recognized path to CRC . As
discussed earlier, many interval CRCs are proximal in
location and are CIMP-H as well as MSI positive, which
strongly suggests a role for SSA in the development
[30,33]
of interval CRC
. SSAs have been associated with
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proximal MSI CRCs as well as rapid progression times
[34]
to CRC diagnosis . Sessile serrated adenomas are
not only problematic for the endoscopist, they also
pose a problem for the pathologist. The frequency of
SSA diagnosis varies greatly in the literature and the
diagnostic difficulty becomes more apparent due to
the fact that the histologic features of microvesicular
[35]
hyperplastic polyp and SSA overlap . Bettington et
[35]
al
showed that in applying strict histologic criteria
for the diagnosis of SSA, a 14.7% rate of detection
can be achieved with a high rate of reproducibility
among pathologists. However, SSAs continue to
be underdiagnosed and will lead to inadequate
surveillance and will likely contribute to the rate of
[35]
interval CRCs .

Interval CRC in inflammatory bowel disease

Colonoscopy, as described earlier, is the predominant
screening and diagnostic test for CRC in the general
population. Likewise, colonoscopic examination among
those patients with inflammatory bowel disease,
specifically Crohn Disease and Ulcerative Colitis, is
pivotal in screening this high risk population for CRC.
Patients with long-standing inflammatory bowel disease
have typically been excluded from studies investigating
the rate of early/missed lesions leading to CRC, hence,
the rate of early and missed CRCs in this population
[36]
is still largely unknown . However, in the largest and
longest running UC surveillance program in the world
(42 year history) has revealed that advanced cancer
incidence rate (IR) has consistently decreased over
the past four decades, suggesting that the efficacy
and use of advanced imaging techniques has led to
[37]
a greater detection of early neoplasia . Additionally,
there has also been a reduction in the incidence rate
of high grade dysplasia and low grade dysplasia in
the current decade, now 2.1 per 1000 patient-years,
[37]
down from 4.6 per 1000 patient years . They also
found that the risk of interval cancer has rapidly
decreased with the steepest decline coming in the last
decade, which may be related to the increased use of
[37]
chromoendoscopy . Chromoendoscopy is the use of
image-enhanced techniques, such as the use of dye
spraying or optical, to improve the visualization of
mucosal structures, and thus improve the recognition
of the borders, microvasculature, and surface
[38]
topography of neoplasia . Patients who underwent
chromoendoscopy were found to have a lower risk of
developing CRC when compared to those who had
[37]
never had the procedure . However, other studies do
not confirm the benefit of using chromoendoscopy. In a
large retrospective study, it was shown that the use of
chromoendoscopy with targeted biopsies did not result
in an increased neoplasia detection rate when compared
[39]
to white light endoscopy with random biopsies . With
that being said, the majority of the literature seems to
suggest a benefit from using chromoendoscopy when
[40-43]
compared to standard white light endoscopy
. Wang
[36]
et al
investigated the rate of early/missed CRCs in
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both IBD patients as well as non-IBD patients. Their
findings showed that out of 3589 early/missed lesions,
54 were seen in Crohn’s patients, 103 in UC patients,
and 3432 in non-IBD patients. Patient’s without IBD
showed a rate of early/missed CRCs after colonoscopy
in the range of 5.8%; however, the rate increased
substantially in those patients with IBD to 15.1% for
[36]
Crohn’s and 15.8% for UC . Similar to our discussion
of sporadic interval CRC in non-IBD patients, interval
CRCs in patients with IBD may be explained again by
clinician-dependent factors including: missed lesions,
incomplete resection, or deviation from set surveillance
[44]
protocols . In contrast to non-IBD interval CRC, the
presence of active or chronic background inflammation
seen in patients with IBD causes diversity in the
appearance of dysplastic lesions and thus increases
[44]
the complexity of the study for the endoscopist .
Like SSA, dysplastic lesions in patients with IBD
[44]
are often flat and easily missed on colonoscopy .
The difficulties presented by flat dysplasia in IBD
led Maastricht University Medical Center to perform
a study where endoscopists were trained on the
recognition of nonpolypoid colorectal neoplasms (NP[45]
CRN) . They determined that intensive training with
regard to NP-CRNs lead to similar detection rates
among their staff gastroenterologists and GI trainees,
suggesting that clinical awareness was more important
[45]
than experience in the detection of flat lesions . Strict
adherence to the prescribed colonoscopic surveillance
in IBD patients can be tenuous due to a multitude of
factors such as: the patient’s understanding of cancer
risk, disease flares and associated co-morbidity, and
[44]
disease activity causing a delay in surveillance .
Therefore, patient education to include disease course
and risk of CRC, adherence to treatment protocols
to limit disease flares, and surveillance during
quiescent phase may contribute to the reduction
of interval CRC in patients with IBD. The biologic
factors which underpin the molecular events that
underlie the development of CRC in a background of
inflammation are still under active investigation. It
has been shown that nearly 6% of CRCs arising in
those with IBD are small flat invasive lesions with no
adjacent adenomatous tissue, which suggests that
the progression to CRC may not follow the classic
[44]
[46]
adenoma-carcinoma sequence . Srivastava et al
looked at the molecular features of 3 unique patients
with long standing IBD who developed numerous
hyperplastic/serrated colonic polyps. The group
revealed that all 3 patients showed retention of MLH-1
and MSH-2 within these polyps, one case showing a
[46]
loss of MGMT, and no BRAF mutations were present .
They proposed that the findings were suggestive of a
serrated pathway of carcinogenesis in those with IBD,
[46]
which is characterized by silencing of MGMT .

Lynch syndrome and interval CRC

Lynch syndrome (LS), an autosomal dominant
disorder, is characterized by mutations in mismatch
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repair (MMR) genes (MLH1, PMS2, MSH2, and MSH6),
which causes an increased lifetime risk of developing
CRCs as well as other cancers (i.e., endometrial) in
[47]
the affected host . The recommended surveillance
programs for these patients include colonoscopic
examination at an interval of 1-2 years starting at
[47]
the age of 20-25 years . Many factors contribute
to the development of an interval CRC in patients
with Lynch Syndrome, including compliance to the
[48]
recommended surveillance protocols. Newton et al
investigated compliance with large bowel screening in
Lynch Syndrome mutation carriers amongst patients
in the United Kingdom and found that in only 62% of
the cases was the screening colonoscopy performed
during the suggest screening interval. They also found
a reduced cumulative incidence of CRC, to the age
of 70 years, when screening protocols were adhered
to; a reduction from 81% in non-screened patients
[48]
[47]
to 25% in screened individuals . Haanstra et al
showed that in 29 LS patients (all mutational carriers),
a total of 31 interval cancers were found within or at
24 mo of previous colonoscopic examination. In 16
of 19 patients with LS, the interval carcinoma was
located in a proximal location and when considering all
detected interval carcinomas, 65% are found within
[47]
the right colon . Their study revealed that in all LS
patients who developed an interval CRC a MLH1 or
MSH2 mutation was identified, and 90% of these
CRCs were diagnosed in the 1-2 years after previous
[47]
[49]
colonoscopy . Richter et al
looked at 42 interval
CRCs and showed that 41% of these tumors exhibited
DNA microsatellite instability (MSI) and of these 54%
exhibited somatic hypermethylation of the MLH1
promoter. They concluded that interval CRCs cannot
be distinguished by activation of KRAS, NRAS, BRAF,
or PIK3CA oncogenic pathways, however, MSI pathway
defects represent a large proportion of interval CRCs
with an underlying LS possibly explaining half of these
[49]
cases .

BIOLOGIC AGGRESSIVENESS AND
SURVIVIAL IN INTERVAL-CRCS
As previously discussed, interval CRCs are seen most
often in the proximal colon and as demonstrated by
[33]
Arain et al , are 2.5 times more likely than noninterval CRCs to be CIMP+ and 2.7 times more likely
to show MSI positivity. Other studies as well posit
that interval CRC may represent a rapidly growing
[50-53]
and aggressive cancer
. However, other studies
have not shown any difference in survival between
interval CRC and those with no prior colonoscopic
[13,14]
[50]
surveillance
. Erichsen et al
conducted a
population based study among the Danish population
from 2000-2009 and found out of 38064 CRC patients,
a total of 982 (3%) were interval. When compared
to non-interval CRC, interval carcinomas were more
often women, were proximal in location, displayed
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mucinous histology, and had co-morbid conditions
[50]
(IBD and diverticular disease) . The one year survival
rate was similar for those patients with interval CRCs
when compared to those who developed CRC after
a ten year period from their last colposcopy (68%:
interval; 72%: > 10 years before CRC diagnosis, and
[50]
71% sporadic) . The five-year survival was close to
[50]
40% in all groups . Additionally, interval CRC were
less likely to be diagnosed at an advanced stage and
interval CRCs were just as likely as detected CRCs to
[10]
be well-to-moderately differentiated . Interval CRCs,
when compared to detected CRCs, were seen to have
a 37% lower risk of mortality, which held true for both
[13]
early-stage and advanced stage cancer .

CONCLUSION
Interval colorectal carcinoma poses a distinct threat,
not only to the general population, but also to other
population groups such as those with inflammatory
bowel disease, hereditary predisposition to gas
trointestinal neoplasia, as well as those patients
who are more advanced in years with multiple comorbidities. With a rate that could be as high as nine
percent of newly diagnosed CRC being an interval
CRC, an estimated 8648 patients will develop a
CRC after being screened with colonoscopy in 2015.
The etiology of these lesions has been shown to
be multifactorial in nature with perhaps the largest
risk coming from missed or incompletely excised
lesions. There appears to be some disagreement
in the literature as to whether interval CRCs are
more biologically aggressive due to changes in their
molecular make-up. However, there are biological
factors that seem to contribute to the development
of interval CRC with evidence to suggest that the
sessile serrated neoplasia pathway may promote
a more rapid development of carcinoma after a
screening colonoscopy. Regardless, the overall survival
irrespective of tumor biology appears to be similar
between interval and detected CRCs. Non-polypoid
neoplasia presents a well-defined challenge to the
endoscopist as well as the pathologist. Flat lesions are
challenging for the endoscopist to discern, but when
biopsied, may be miss diagnosed by the pathologist
if strict criteria are not adhered to. Improvements in
the quality of the endoscopic procedure through the
education of the endoscopist is a worthwhile endeavor
with a focus on flat lesion recognition. The more
widespread use of chromoendoscopy may also be
advantageous to many patient groups, most especially
those with inflammatory bowel disease. Finally, a
greater understanding of the molecular features and
biologic behavior of interval CRCs, when coupled
with increased endoscopic recognition and complete
removal of neoplasia, will likely lead to the greatest
improvement and reduction in the rate of diagnosis of
carcinoma after a negative colonoscopy.
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Abstract
The sequence of events associated with the development
of gastric cancer has been described as “the gastric
precancerous cascade”. This cascade is a dynamic
process that includes lesions, such as atrophic gastritis,
intestinal metaplasia and dysplasia. According to this
model, Helicobacter pylori (H. pylori ) infection targets
the normal gastric mucosa causing non-atrophic gastritis,
an initiating lesion that can be cured by clearing H.
pylori with antibiotics or that may then linger in the case
of chronic infection and progress to atrophic gastritis.
The presence of virulence factors in the infecting H.
pylori drives the carcinogenesis process. Independent
epidemiological and animal studies have confirmed the
sequential progression of these precancerous lesions.
Particularly long-term follow-up studies estimated a risk
of 0.1% for atrophic gastritis/intestinal metaplasia and
6% in case of dysplasia for the long-term development of
gastric cancer. With this in mind, a better understanding
of the genetic and epigenetic changes associated with
progression of the cascade is critical in determining the
risk of gastric cancer associated with H. pylori infection.
In this review, we will summarize some of the most
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relevant mechanisms and focus predominantly but
not exclusively on the discussion of gene promoter
methylation and miRNAs in this context.
Key words: Helicobacter pylori ; Methylation; Gastric
cancer; Epigenetics; MicroRNA
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Helicobacter pylori infection increases the
risk of developing gastric cancer. Intestinal type
gastric cancer is characterized by a histological
cascade in which aberrant methylation of CpG islands
and deregulation of microRNAs are observed. An
exacerbated host response and bacterial virulence
factors contribute to these epigenetic changes by
enhancing DNA methyl transferase activity via nitric
oxide production and silencing of tumor suppressor
genes and miRNAs. Interestingly, methylated Reprimo
DNA is detectable in blood samples and is potentially
useful as an early detection marker. Finally, also
the role of gamma glutamyl transpeptidase related
mechanisms in the loss of the anti-apoptotic protein
Survivin and gastric carcinogenesis is discussed.
Valenzuela MA, Canales J, Corvalán AH, Quest AFG. Helicobacter
pylori-induced inflammation and epigenetic changes during gastric
carcinogenesis. World J Gastroenterol 2015; 21(45): 12742-12756
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i45/12742.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i45.12742

PRECANCEROUS CASCADE OF GASTRIC
CANCER
Helicobacter pylori (H. pylori)-is a Gram negative
bacteria that colonizes the gastric epithelium of more
than 50% of the adult population worldwide and is
[1]
responsible for 75 % of all gastric cancer cases .
Chronic infection with this pathogen is an ethiological
agent responsible for gastric pathologies such as
chronic gastritis, peptic ulcer, mucosa-associated
lymphoid tissue (MALT) lymphoma and increased risk
[2]
of developing gastric adenocarcinoma , the second
[3]
leading cause of cancer-related deaths worldwide .
Histologically, gastric adenocarcinoma is divided into
[4]
two sub-types following Lauren’s classification ,
termed Diffuse and Intestinal-type gastric cancer.
For both types, a strong correlation with H. pylori[5]
associated inflammation exists . No identifiable
precursor lesions are associated with the development
of diffuse type gastric cancer; instead, this type of
cancer appears to be closely linked to host genetic
[6]
factors . Alternatively, intestinal type gastric cancer
follows a well-defined histological sequence of
progression, initiating as chronic gastritis followed by
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atrophy, intestinal metaplasia, dysplasia and finally
[7,8]
terminating in intestinal type gastric cancer .
One of the proposed mechanisms held responsible
for initiation of the intestinal metaplasia/dysplasia/
carcinoma sequence, also referred to as the pre
cancerous cascade of gastric cancer, is the loss of the
specialized parietal cells, due to alterations in cellular
cross-talk and cell differentiation that are crucial for
gastric epithelial precursor cell maturation and the
[7]
coordination of cell migration in the gastric pits . In
this local inflammatory environment, bacterial factors
altering oncogenic signaling pathways are crucial
to propagate the carcinogenic sequence of events.
However, bacterial eradication with antibiotics can
reverse metaplastic and dysplastic lesions, suggesting
that the differentiation/transformation in the gastric
mucosa depends on the local environment and cannot
[7]
be ascribed exclusively to to genetic alterations .
Additionally, H. pylori alters the expression of tumor
suppressor genes by epigenetic deregulation. Con
sistent with this notion, methylation of such promoter
regions is frequently observable in vivo during H.
[9,10]
pylori infection
. In the following sections, evidence
is summarized describing how bacteria-host cell
interactions trigger epigenetic changes crucial to
understanding the process of H. pylori-induced gastric
carcinogenesis.

H. PYLORI-INDUCED INFLAMMATION,
EPIGENETICS AND GASTRIC CANCER
Persistent inflammation is a prevalent contributing
[11-13]
factor to the development of many types of cancer
.
For instance, infection with bacterial and viral agents
[14]
is known to promote cancer in different epithelia .
Among the many potentially relevant intermediates
produced during inflammation are molecules, such
as cytokines, chemokines, free radicals (ROS and
NOS), prostaglandins, growth factors and matrix
metalloproteinases (Figure 1). These induce different
epigenetic changes, including DNA methylation and
histone modifications, which contribute to several
steps important in tumorigenesis and progression
involving leukocyte recruitment, neo-angiogenesis,
proliferation, survival, invasion, and finally metastasis
[13,15]
of tumor cells
. Specifically, H. pylori-induced
gastric carcinogenesis has been associated with
chronic inflammation, characterized by infiltration of
neutrophils and macrophages to the gastric epithelium,
which favor the accumulation of pro-inflammatory
cytokines and reactive oxygen/nitrogen species
(ROS/RNS). Accordingly, host factors exacerbating
inflammatory responses are also responsible for the
final outcome. For instance, polymorphisms present in
IL-8, TNF-α and IL-1β promoter regions are associated
with more severe signs of inflammation and an
[16-19]
increased risk of developing gastric cancer
. H.
pylori-associated chronic inflammation is linked to
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silencing of tumor suppressor genes via epigenetic
[20]
modification . Methylation of CpG islands in the
promoter regions of tumor suppressor genes and
deregulation of some onco-miRs have emerged as
highly relevant players in the context of understanding
H. pylori-linked gastric carcinogenesis.
Importantly, studies in animal models of H.
pylori-associated carcinogenesis further support this
hypothesis. For instance, a study in the Mongolian
gerbil model, demonstrated that H. pylori infection
promotes DNA methylation as a consequence of
[21]
chronic inflammation . Interestingly, bacterial
eradication did not decrease significantly overall DNA
methylation in the gastric epithelium. However, upon
suppression of inflammatory responses in gerbils
treated with Cyclosporin A, the increased level of
methylation was blocked without affecting bacterial
[21]
colonization . Following a similar rationale, the same
authors described that prevention of DNA methylation
using 5-aza-2-deoxycytidine decreased the incidence
[22]
of gastric cancer induced by H. pylori infection .
However, in this study development of gastric
cancer was not completely prevented, suggesting
H. pylori could promote gastric cancer via additional
mechanisms beyond aberrant DNA methylation,
perhaps by favoring the development of genetic
mutations. Likewise, a clinical study using human
gastric samples showed that higher levels of DNA
methylation in some genes typically hypermethylated
in gastric cancer correlated with more severe gastric
inflammation and more advanced precancerous
[23]
lesions .
The effect of H. pylori induced-inflammation on
epigenetic DNA modifications has also been observed
[24]
in vitro. Katayama and colleagues
showed that H.
pylori induces iNOS expression and NO production
in macrophages, and the co-culture of macrophages
and gastric cells promotes RUNX3 methylation in
the gastric cells, without a requirement for direct
[24]
interaction between gastric cells and the bacteria .
[25]
Alternatively, Huang et al
showed that E-cadherin
gene methylation occurred in a manner independent of
immune cells, because the direct interaction between
H. pylori and gastric cells increased methylation of this
gene. Furthermore, DNA methyl transferase (DNMT)
activity was enhanced by increasing NO levels due
to iNOS induction in host cells triggered by IL-1β
secretion. Moreover, the participation of interleukin1β in H. pylori-induced gastric inflammation and
DNA methylation was confirmed using a receptor
-/type 1 knockout (IL-1R1 ) mouse model in which
gastritis, NO production and methylation levels were
[26]
reduced . Despite some discrepancies between these
studies, both point towards the importance of the proinflammatory molecule NO as a key mediator in the
H. pylori-induced methylation of genes relevant to
the genesis of gastric cancer. In agreement with this
-/conclusion, H. pylori infection of iNOS mice lead to a
decreased incidence of gastric cancer compared with
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[27]

wild type controls

.

DNA DAMAGE AND H. PYLORI
INFECTION
During gastric cancer progression and similar
to other types of cancer, chronic inflammation
leads to epigenetic changes characterized by the
hypermethylation of driver tumor-suppressor genes,
as well as passenger genes, and the hypomethylation
of repetitive DNA sequences generating genomic
[20,28]
instability
. Consistent with these observations,
dietary supplementation with folic acid (a methyl
donor) prevented the decrease in global DNA
methylation as well as gastric dysplasia and mucosal
inflammation observed during H. pylori-associated
[29]
carcinogenesis in mice . However, for an important
proportion of gastric cancers mutations in tumor
suppressor genes are also detected, indicating that
this type of cancer originates not only as an epigenetic
disease. For instance, mutations, particularly in
genes like TP53, APC, CTNNB1, CDH1 and KRAS are
[30]
frequently observed in gastric cancer .
Inflammatory processes initiated in response to
H. pylori infection are accompanied by the formation
of reactive oxygen and nitrogen species (ROS/NOS),
predominantly by activated neutrophils, macrophages
[31,32]
and gastric cells in response to bacterial factors
(Figure 1). As a consequence, elevated levels of
oxidized proteins and fragmented DNA are detected
[31]
in the gastric mucosa . Nitric oxide produced by
inducible oxide synthase (iNOS) increases early in the
infected mucosa and, as a consequence, DNA adducts,
such as 8-nitroguanine and 8-oxo-7,8-dihydro-2’deoxyguanosine (8-oxo-dG or 8-OHdG) are readily
[33,34]
detected in humans and animal models
. Another
mechanism that contributes to mutagenesis of host
DNA is the H. pylori-induced aberrant NF-κB-dependent
expression of activation-induced cytidine deaminase
(AID), an enzyme that functions as a DNA- and RNA[35]
editing enzyme in response to H. pylori infection .
Upregulation of AID favored nucleotide alterations
in the TP53 tumor suppressor gene in gastric cells
in vitro, and similar alterations were also detected in
[35,36]
the gastric mucosa of infected patients
. Studies
in animal models indicate that oxidative stress is an
important contributing factor to gastric carcinogenesis.
For instance, nutritional supplementation with sul
phoraphane, a natural compound and activator of the
antioxidant transcriptional factor Nrf2, was shown to
protect mice against gastric pathologies induced by H.
[37]
pylori infection . Furthermore, similar results were
obtained upon supplementation with antioxidants like
[38]
ascorbic acid in humans . A possible explanation for
these observations is that ROS/NOS are responsible
[20]
for methylation of antioxidant enzyme genes . Also,
it is important to consider that ROS accumulation
produces directly epigenetic changes. For instance,
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Figure 1 Helicobacter pylori-linked inflammation promotes methylation of genes associated with tumor suppression. A: Helicobacter pylori (H. pylori)
induces, via injection of the virulence factors CagA and peptidoglycan (PGN), NF-kB activation, promoting a pro-inflammatory response that increases the expression
of cytokines (IL-1b, IL-8) and inducible nitric oxide synthase (iNOS). The latter generates nitric oxide (NO) a mediator of inflammation. Furthermore, the H. pylorilinked activation of NF-κB promotes miR-155 expression, a microRNA associated with gastric pathologies; B: In addition to the direct effects of H. pylori on gastric
epithelial cells, the infection activates macrophages, which increase NO production and NO levels in gastric epithelial cells. NO can activate DNA methyltransferase
1 (host DNMT1) to promote DNA methylation in several gene promoter regions; C: Also H. pylori DNA Methyltransferases (Hp DNMTs) may directly promote host
DNA methylation in the promoter regions of several genes thought to function as tumor suppressors in gastric cancer. Moreover, infection is associated with promoter
methylation and decreased expression of miR210, a miRNA which targets mRNAs implicated in stem cell survival, stalling of the DNA repair system, induction of
angiogenesis and cellular differentiation, among others.

free radical adducts have been shown to alter DNA
[39]
cytosine methylation
and NO can enhance DNMT
[25]
activity .

H. PYLORI VIRULENCE FACTORS
ASSOCIATED WITH INFLAMMATORY
RESPONSES AND EPIGENETIC CHANGES
IN THE GASTRIC MUCOSA
The experiments in Mongolian gerbils infected
with H. pylori showing that the presence of the
immunosuppressor drug Cyclosporine A reduces
the ability of H. pylori to induce changes in the
methylation status in gastric cells would suggest
that H. pylori is not directly responsible for triggering
aberrant methylation and that these alterations may
be attributed to the inflammatory response. However,
this point is still controversial because the H. pylori
genome encodes a large number of cytosine and
adenosine-specific type Ⅱ DNA methyl transferases
that would be expected to eventually methylate
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the host DNA because no additional factors are
required for enzymatic activity. Relevant examples
in this context is m6A or m4C modifications that
[40,41]
normally are not considered in current studies
.
Also, epidemiological and basic research data all
point towards a number of bacterial factors as being
responsible for the observed gastric inflammation,
deregulation of cellular signaling pathways and cancer.
Some 60% of Western H. pylori isolates bear a cag
[11]
pathogenicity island (cagPAI) , which encodes among
other components a type Ⅳ secretion system (T4SS)
that is able to transfer macromolecules, peptidoglycans
[42]
and DNA into the host cells (Figure 1). The presence
and functionality of the cagPAI correlates very strongly
with the development of peptic ulcer and gastric
[43]
cancer . Interestingly, NF-κB activation is found to
[44]
be dependent on an intact T4SS secretion system .
For instance, one study showed that peptidoglycans
injected by the T4SS apparatus were responsible
for NF-κB activation via the intracellular pathogen
[45]
recognition receptor NOD1 .
As mentioned previously, Mongolian gerbils infected
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with H. pylori undergo histological changes similar to
[46]
those observed in human gastric carcinogenesis . In
a recent study, the inactivation of the peptidoglycan
deacetylase (PgdA) enzyme in a particularly carcinogenic
H. pylori strain (H. pylori 7.13, isolated following
[47]
animal passage) , showed that this peptidoglycan
modification enhanced the pro-inflammatory activity of
[48]
this molecule . However, it should be noted that this
observation is controversial, because in another study
PgdA inactivation contributed to bacterial survival by
[49]
mitigating the immune response . Together, these
studies demonstrate once again the relevance of T4SS
functionality in the promotion of inflammation and
gastric cancer, although the precise contribution of
peptidoglycan-dependent activation of the intracellular
receptor NOD1 to aberrant methylation requires further
investigation.
On the other hand, the T4SS is also implicated in
the injection of another important carcinogenic factor,
the immuno-dominant cytotoxin CagA (cytotoxin
associated gene A), which is perhaps the best
characterized factor in H. pylori-associated gastric
[50]
cancer development
(Figure 1) Accordingly, patients
infected with CagA+ strains develop more pronounced
[51]
inflammation and higher levels of IL-8 and IL-1β .
CagA (125-145 KDa) is also encoded in the cagPAI and
is present in 60% of H. pylori isolates. After bacterial
adhesion, this factor is injected into host cells by the
[52,53]
T4SS
. Once attached to the inner leaflet of the
plasma membrane, multimeric CagA is phosphorylated
by c-Src and c-Abl kinases on tyrosine residues
present in the Glu-Pro-Ile-Tyr-Ala (EPIYA)- motifs of
[52,53]
the C-terminal region of the protein
. Four different
EPIYA motifs (A, B, C and D) exist, which determine
the genetic variability of CagA due to differences in
the number and the sequences of these motifs. In
particular, the D motif is exclusively found in EastAsian CagA+ strains, where its presence is considered
[54]
a major risk for developing gastric cancer . The
oncogenic activity of CagA has been demonstrated in
a variety of settings where sustained expression of this
[55]
factor promotes primary gastric cell immortalization ,
[8]
intestinal trans-differentiation , epithelial-mesen
[56]
[57]
chymal transition , loss of cell-cell adhesion ,
[58]
[59]
extracellular matrix remodeling , metastasis
and gastrointestinal and hematopoietic neoplasms
[60]
in mouse models . Signaling pathways may be
altered by CagA activity both in phosphorylation[61]
dependent and -independent ways . Phosphorylationdependent downstream signaling processes include
the recruitment of Src homology 2 (SH2)-domain
[62]
containing molecules . The ensuing events perturb the
actin cytoskeleton, and in doing so trigger elongation
and scattering of infected host cells in vitro, a
morphological change referred to as the “hummingbird
[63]
phenotype” . Phosphorylation-independent signaling
induces pro-inflammatory events, mitogenic responses
[62]
and disruption of cell-cell junctions . Interestingly,
the Grb2 adapter can interact with CagA in a pho
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sphorylation-dependent and -independent manner.
Furthermore, transgenic expression of CagA mimics
the eukaryotic Grb2-associated adaptor protein in
[64]
Drosophila melanogaster . This interaction promotes
Ras activation and in turn stimulates the Raf-MEK-ERK
signalling cascade. Particularly, this axis appears to
be involved in the CagA phosphorylation-independent
persistent activation of transcription factors, such as
[65-67]
NF-κB (inflammation)
. Interestingly, in infected
patients, the presence of CagA+ strains is associated
with increased levels in the methylation of certain
[68]
promoters when compared to CagA- infections .
Similar observations have also been reported in vitro.
For instance, ectopic CagA expression can promote
silencing of let-7 microRNA by enhancing histone and
[69]
DNA methylation .
The cytotoxin VacA, another potentially relevant
secreted bacterial factor, induces vacuole formation in
cells treated with purified or recombinant forms of the
[70,71]
protein
. Initially, its activity was associated with
[72]
apoptosis of gastric cells , the inhibition of T and B
[73]
[74]
cell proliferation
and induction of autophagy
in
vitro. Despite the many functions attributed to VacA
[75]
in vitro, their relevance in vivo is questionable .
Of note, vacuolization of cells has been observed in
human biopsies and oral administration of partially
[76]
purified toxin produces mucosal damage in mice .
However, infection of gnotobiotic piglets and Mongolian
gerbils with isogenic H. pylori mutants lacking VacA
causes indistinguishable degrees of gastritis in both
[77]
cases . Despite such results, epidemiology data
indicate that the presence of more active variants of
the toxin is associated with increased inflammation,
[78,79]
peptic ulcers and even cancer
. Also, a group
recently demonstrated that an H. pylori strain bearing
[80]
a more active VacA induced metaplasia in mice .
Furthermore, VacA alleles with elevated activity
are associated with enhanced secretion of proinflammatory cytokines such as TNF-α, MIP-1α, IL1β, IL-8, IL-10 and IL-13 in vitro and expression of the
s1m1 allele correlates with increased inflammation
[76,81,82]
in the gastric mucosa
. In summary, it remains
unclear whether VacA effects are relevant during early
steps of carcinogenesis in promoting gastric epithelial
damage or whether this factor promotes aberrant
epigenetic changes during gastric progression and
further research is required to resolve this issue.

THE EPIGENETIC BASIS OF THE GASTRIC
PRECANCEROUS CASCADE
The control of gene expression via epigenetic mecha
nisms, including DNA methylation and microRNAs, are
important regulatory events that modulate all pathways
[83]
in the cellular network . Moreover, these epigenetic
modifications are considered excellent candidates
to explain how environmental factors impact on the
genome and cell function and increase the risk of cancer
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[84]

development

.

DNA methylation in gastric cancer and the precancerous
cascade
DNA methylation, a process whereby cytosine bases
are modified with a methyl group in the 5’ position
when they are followed by a guanine in the DNA
sequence, is increasingly considered to be of great
[85]
importance in gastric carcinogenesis . Currently, a
list of gastric cancer genes is emerging that are altered
by DNA methylation and considered important in
[86]
the progression of the cascade . However, only few
reports address the role of DNA hypermethylation in
the gastric precancerous cascade. Importantly, higher
methylation levels are detected in intestinal metaplasia
[87,88]
than in atrophic gastritis samples
. However, no
differences were observed in the methylation status
between intestinal metaplasia and dysplasia. Further
studies have shown methylation in multiple genes in
H. pylori-induced chronic gastritis in comparison with
[89,90]
healthy donors
suggesting that H. pylori infection
potently induces aberrant DNA methylation.
As mentioned above, aberrant DNA methylation
can be considered as a mechanism to explain how
environmental factors alter the susceptibility of
[84]
individuals to gastric cancer . To support this idea,
[89]
[91]
Chan et al
and Leung et al
evaluated changes
in DNA methylation of the promoter region of the
CDH-1 gene before and after the eradication of H.
pylori, and in both studies complete regression of DNA
methylation after H. pylori eradication was observed.

Genes modified by methylation upon H. pylori infection

Genes linked to intercellular junctions: As
indicated above, extensive evidence is available linking
gastric cancer to the silencing of the CDH1 gene by
aberrant methylation. E-cadherin is a well-established
tumor suppressor and represents an important
[92]
component of adherent junctions . A number of
studies have pointed to the existence of a connection
between the H. pylori infection status and CDH1
methylation in pre-cancer lesions. For instance, H.
pylori infection and aberrant DNA methylation of CpG
islands in the CDH1 promoter correlated in dyspeptic
[89]
[93]
patients . Perri et al
confirmed this observation,
demonstrating that the CDH-1 promoter is also
hypermethylated in gastritis patients infected with H.
pylori, and that this was reduced following bacterial
eradication. Interestingly, an in vitro study showed that
H. pylori infection augmented E-cadherin promoter
methylation via activation of the IL-1β receptor, iNOS
induction and subsequently increased DNMT activity as
[25]
a consequence of NO production (Figure 1).
Vezatin (VEZT), another Adherent junction protein,
is also silenced by gene promoter hypermethylation
and is proposed to represent a novel tumor suppressor
[94]
in gastric cancer . As for CDH-1, the VEZT promoter
is found to be hypermethylated in biopsies from H.
pylori-positive chronic gastritis patients when compared
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with the non-infected control group. Additionally, an
in vitro study demonstrated that H. pylori infection of
the non-transformed gastric epithelial GES-1 cell line
was associated with VEZT promoter methylation and a
[94]
reduction in Vezatin mRNA levels was also observed .
Aberrant methylation of the VEZT promoter is also
observed in other types of cancer, and re-expression
[94]
of the protein reduces malignancy of these cells ,
indicating that Vezatin might be an important target
during H. pylori-associated aberrant methylation and
gastric carcinogenesis.
Connexin 32 (Cx32) and Connexin 43 (Cx43)
are structural components of gap junctions between
[95]
epithelial cells . Wang and colleagues demonstrated
that expression of these connexins was decreased in
gastric pre-neoplastic lesions associated with H. pylori
infection when compared to non-infected individuals
and that these changes were closely associated with
methylation in the respective promoter regions.
Furthermore, hypermethylation of Cx32 and Cx43
promoters increased during the progression from pre[96]
neoplasic to neoplastic lesions in infected patients .
Genes linked to cell cycle regulation: CDKN2A,
another important tumor suppressor gene that is
normally methylated in gastric cancer, encodes the
p16 (INK4A) protein, which is involved in cell cycle
[92]
[90]
arrest in the G1 phase . Maekita et al showed that
methylation of this promoter was significantly elevated
in the mucosa of H. pylori-positive compared with H.
[90]
pylori-negative healthy volunteers . Additionally,
another study demonstrated that methylation levels of
CDKN2A in the gastric mucosa did not differ from those
observed in intestinal metaplasia patients, indicating
that CDKN2A promoter methylation is an early event
during H. pylori-associated gastric carcinogenesis.
Furthermore, eradication of H. pylori infection reverted
[93]
the aberrant methylation status of this gene .
Genes linked to DNA repair: The gene hMHL-1
(the human homolog of E. coli MutL), encoding a DNA
repair protein in humans, is also hypermethylated
in the promoter region following H. pylori gastric
infection. However, this event appears to occur in later
stages of cancer progression, as revealed in a study
[93]
of intestinal metaplasia lesions . In a similar study,
higher levels of CpG methylation were observed for
the promoter of a gene encoding another DNA repair
protein, O6-methylguanine DNA methyltransferase
(MGMT), in the gastric mucosa of gastritis patients
compared to control patients. Following H. pylori
eradication, methylation was reduced from 70% to
48% of the cases, coincident with significantly reduced
CpG methylation and increased MGMT expression.
Furthermore, in this same study, the authors demon
strated that MGMT methylation was remarkably higher
[68]
in those patients infected with CagA bearing strains .
A recent study showed that hMHL-1 and MGMT
promoters are hypermethylated in biopsies from H.
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pylori-associated chronic gastritis adult patients, but
not in biopsy samples from infected children, and
that hypermethylation was associated with H. pylori
[97]
infection in the case of the MGMT promoter .
Genes linked to inflammation: TFF-2 gene encodes
the Trefoil factor 2 protein, involved in wound healing
and modulating the inflammatory response in the
[98,99]
stomach
. Chronic H. pylori infection was shown to
enhance promoter methylation of TFF-2 gene in the
gastric mucosa. Furthermore, methylation of the TFF2
promoter is an early event that increases throughout
[100]
gastric tumor progression . On the other hand, the
pro-inflammatory enzyme cycloxygenase-2 (COX-2)
has been described to be hypermethylated in gastritis
associated with H. pylori infection and bacterial
[93]
eradication reverts completely the methylation . COX
enzymes are important to maintain tissue homeostasis
and wound healing in the gastric mucosa. Therefore,
methylation-mediated silencing of these genes might
tend to favor the appearance of pre-neoplasic lesions.
Genes encoding transcriptional factors: RUNX3 is a
transcription factor that is thought to function as a tumor
suppressor by regulating the expression of several cancerrelated genes, including p53, p27 and caspase-3, among
[101,102]
others
. The RUNX3 promoter is hypermethylated
in pre-neoplasic gastric lesions, increasing progressively
[103]
from chronic atrophic gastritis to gastric cancer
.
Additionally, H. pylori infection contributed to inactivation
of the RUNX3 gene in gastric epithelial cells by
[103]
augmenting promoter hypermethylation . Moreover,
an in vitro study confirmed that H. pylori promotes
RUNX3 promoter methylation via NO produced during co[24]
incubation with macrophages .
FOXD3 is a member of the forkhead box (Fox)
transcription factor family, whose promoter is hyperme
thylated in gastric mucosa infected with H. pylori. The
evidence provided indicates that silencing of FOXD3
could be important during gastric carcinogenesis given
that ectopic expression of FOXD3 in cancer cell lines
[104]
reduces cell proliferation and their invasive capacity .
The upstream stimulatory factors, USF1 and USF2,
are pleiotropic transcriptional factors that regulate
the expression of genes linked to immune responses,
[105]
cell cycle control and cell proliferation
. Bussière
and colleagues demonstrated in vitro that H. pylori
decreases the expression of USF1 and USF2 genes by
hypermethylation of their promoters regions. These
observations were confirmed in gastric tissue samples
from infected mice, where they observed decreased
expression of USF1 and USF2 and hypermethylation
of USF1 and USF2 promoters in H. pylori-associated
[106]
gastritis
. These factors control cell growth and
have been shown to block cMyc/Ras-mediated trans
[105]
formation of primary rat cells .
For the transcription factors GATA-4 and GATA-5,
both tumor suppressors, a higher methylation status
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was detected in gastric samples from H. pylori infected
patients than in those from non-infected patients.
Changes in methylation were particularly notable for
the GATA-4 promoter. In addition, among gastric tissues
with or without chronic gastritis, those with GATA-4
methylation were from H. pylori infected patients and
no GATA-4 methylation was observed in biopsies from
[107]
individuals without H. pylori infection .
Other tumor suppressor genes: The LOX and
HRASLS genes encode a lysyl oxidase and HRAS-like
suppressor proteins, respectively. The promoters of
these genes are highly methylated in H. pylori-infected
patients as compared to those without infection. In
the same study, higher levels of methylation were
observed for the CpG isIands present in the promoter
regions of the genes THBD, HAND1 and FLN in H.
[90]
pylori-positive than in H. pylori-negative individuals .
[93]
On the other hand, Perri et al
determined that APC
is hypermethylated in gastritis associated with H. pylori
infection and that bacterial eradication was sufficient
to reduce methylation of the promoter. p41ARC is
a protein that regulates Arp2/3 complex formation
[108]
and is necessary for cell migration
. For p41ARC,
a higher degree of methylation was observed in an
exonic CpG island in H. pylori-positive individuals than
[90]
in non-infected individuals . The tumor suppressor
gene WWOX encodes the WW-domain containing
oxidoreductase, a protein frequently down-regulated
in several cancers. An in vitro study demonstrated
that in gastric cancer cell lines infected with H. pylori,
methylation of WWOX is elevated and, furthermore, in
this model methylation was associated with H. pylori[109]
enhanced expression of DNMT1 and DNMT3 .

MICRORNAS IN GASTRIC CANCER, THE
PRECANCEROUS CASCADE AND H.
PYLORI INFECTION
MicroRNA biology

MiRNAs are 20-24 nucleotides single-strand RNAs that
alter the stability and translation of target mRNAs and,
in doing so, modulate gene expression at the post[83,110]
transcriptional level
. A considerable number of
reports in the literature suggest that miRNAs control
several processes during carcinogenesis that favor tumor
[83]
development and progression . Reduced translation
and stability of messenger RNAs (mRNAs) can be
triggered by miRNA binding to the 3’ untranslated
region (3’UTR) of messenger RNAs (mRNAs). Most
miRNAs are found in introns and intergenic regions
and possess their own promoter and regulatory
[111]
elements . miRNAs have many physiological functions
and control a variety of biological processes, including
cellular differentiation, development, proliferation,
[112]
metabolism, apoptosis and immune responses . Not
surprisingly, deregulation of miRNA levels is observed in
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many pathological conditions beyond cancer, including
[113,114]
neurodegenerative and cardiovascular diseases
.
Notably, miRNA genes are frequently found in regions
of chromosomal instability (amplification, translocation
[115]
or deletion) or near chromosomal breakpoints
. In
tumorigenesis, the target mRNAs affected by miRNAs
include those involved in inflammation, cell cycle
regulation, stress responses (autophagy), differentiation
(epithelial-mesenchymal transition, EMT), apoptosis
[116-118]
and invasion
. Several of the relevant target genes
include oncogenes or tumor suppressors that are upregulated or downregulated, respectively, in tumor
[112]
progression and metastasis
. In addition to their
function in physiological and pathological processes,
miRNAs play an important role during microbial infection
[119]
caused by viruses, bacteria, parasites and fungi .

MiRNA signatures in gastric cancer
[120]

Tong et al
reported on frequent aberrant expression
of miRNAs in gastric cancer. An association between
miRNA expression and alterations in cell proliferation
(miR-139, by targeting the CXCR4 gene; and miR-1,
-34a and -504 by targeting the FOXP1 gene), cell cycle
progression (miR-221, -222, -160b, -93 and -25, by
targeting the p57, p21 and p27 genes) and invasion/
metastasis (miR-21, by targeting the RECK gene) were
[121]
detected. Ueda et al
analyzed 160 paired tumor and
non-tumor mucosa samples and detected 22 miRNAs
that were upregulated and 13 that were downregulated
in gastric cancer. Interestingly, for intestinal and diffuse
types of gastric cancer two different miRNA signatures
were identified. Importantly, the miRNAs (miR-105,
miR-100, miR-125b, miR-199a, miR-99a, miR-143,
miR-145 and miR-133a) and (miR-373*, miR-498,
miR-202*, and miR-494) were upregulated in diffusetype and intestinal-type gastric cancer, respectively.
Differential analysis of miRNA expression also
revealed that progression in TNM staging correlated
with higher expression levels of miR-125b, miR199a, and miR-100. Also, reduced expression of let7g and miR-433 and elevated expression of miR-214
were identified as independent predictors of poor
survivial that were not related to depth of invasion,
lymph-node metastasis or TNM stage. These findings
show that miRNAs are differentially expressed in
histological gastric cancer subtypes and that these are
characterized by specific miRNA signatures.
Moreover, the expression of particular miRNAs is
also linked to gastric cancer progression and prognosis.
[121]
Ueda et al
identified miRNA expression profiles for
gastric cancer by RT-PCR in 100 patients and identified
a group of seven miRNAs as independent predictors
of overall survival and relapse-free survival. In this
study, hazard ratios (HRs) assessed by Cox regression
analysis, demonstrated that miRNA expression levels
correlated directly or indirectly with death probability:
3 miRNAs (let-7a, miR-126, miR-30a-5p) were
protective (HR < 1) and 4 miRNAs (miR-10b, miR-21,
miR-223, miR-338) were associated with higher risk of
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relapse and poorer survival (HR > 1).
The role of miRNAs in the precancerous cascade of
[122]
gastric cancer was evaluated by Wang et al . Using
an in silico approach with Gene Expression Omnibus
(GEO) datasets, these authors identified 20 differentially
expressed miRNAs between H. pylori-related atrophic
gastritis and intestinal metaplasia samples. These
miRNAs modulated a variety of cell functions, including
signal transduction, cell proliferation and death, as
well as metabolite transport and catabolism. Among
the target genes, RAB22A, SOX4, IKZF2, PLAG1 and
BTBD7 were found to be simultaneously regulated by
several differentially expressed miRNAs. On the other
hand, miR-204 was decreased in H. pylori-associated
[123]
atrophic gastritis
. Knockdown of this miRNA en
hanced gastric cancer cell proliferation and invasion in
vitro. Alternatively, miR-204 down-regulation and over[123]
expression of SOX4 promoted the EMT process
.
Additionally, the potential of microRNAs as biomarkers
[124-126]
for early gastric detection was recently assessed
.
In a population-based study in Linqu, a high-risk area
[124]
of gastric cancer in China, Song et al
investigated
the relevance of serum miRNAs as biomarkers. Serum
pools from GC control and validated gastric cancer and
dysplasia subjects were correctly identified by several
differentially expressed miRNAs. A signature of 16
miRNAs that were upregulated in gastric cancer patients
was identified. miR-221, miR-744, and miR-376c were
subsequently validated as non-invasive biomarkers
for gastric cancer detection with 82.4% sensitivity and
[127]
58.8% specificity. Fu et al
identified an additional
miRNA, miR-222, for which circulating plasma levels
increased in atrophic gastritis patients compared to
healthy controls (P < 0.001) with a diagnostic accuracy
of 0.850 and 66.1% sensitivity as well as 88.3%
specificity. Also, the expression patterns of serum let-7
microRNA (miRNA) and its target gene pepsinogen
C (PGC) were correlated with different stages of the
[126]
multistage cascade of gastric cancer
. Finally, the
feasibility of using gastric juice as test material was
[125]
examined by Yu et al
. Significantly lower levels of
gastric juice miR-129-1-3p and miR-129-2-3p with AUC
values of 0.639 and 0.65 to distinguish gastric cancer
from healthy controls.

Deregulation of miRNAs expression during H. pylori
infection

H. pylori infection in vivo and in vitro alters the ex
[128]
pression of many miRNAs . Several of these miRNAs
were also found to be deregulated in gastric cancer.
On the one hand, down-regulation of let7a, mir-31,
mir-101, miR-141, miR-203, miR-210, miR-218,
miR-375, miR-449 is observed, while miR-17, miR20a, miR-21, miR-146a, miR-155 and miR-223 are up[129]
regulated . Interestingly, it has been suggested that
these miRNAs may also be relevant to understanding
[129]
H. pylori induced inflammation and carcinogenesis .
These miRNAs target mRNAs involved in biological
processes, such as invasion and metastasis, pro
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liferation, cell cycle progression, apoptosis, epithelial
[129]
mesenchymal transition and the immune response .
[130]
MiR-155-5p, generically referred to as miR-155
(Figure 1). It is a typical, multifunctional miRNA involved
in several biological processes, such as hematopoiesis,
[130]
inflammation, immunity and carcinogenesis
.
This miRNA is considered an oncogenic microRNA
(oncomiR), given that it is up-regulated in different
types of cancer, such as lymphoma, breast, cervical,
[130]
lung, colon, pancreatic and thyroid cancer
. The
miR155HG/miR-155 gene is induced upon exposure
to lipopolysaccharide exposure via Toll-like receptor
[130]
activation
. This characteristic was ascribed to the
presence of two relevant NF-κB binding sequences
present in the BIC/miR-155 promoter at -178 and
[131]
-1150
. Similar to other pathogens, H. pylori
infection elevates miR-155 levels in vitro and in
[132]
vivo . Several studies have focused on hematological
and inflammation-associated malignances linked to
this miRNA. For instance, gastric MALT lymphoma
can be reverted by 60%-80% following antibiotic
eradication of bacteria; however, resistant MALT
lymphomas maintain miR-155 overexpression even
[133]
after bacterial eradication . Other studies show that
miR-155 is a negative regulator of pro-inflammatory
responses by targeting the receptor-associated adapter
MyD88, thereby reducing NF-κB activation and IL-8
[134]
secretion
. In another study, H. pylori-dependent
miR-155 induction reduced DNA-damage and induced
apoptosis in macrophages, in a manner dependent on
the cagPAI secretory system and TLRs, but independent
[135]
of CagA
. In summary, miR-155 represents a
multifunctional miRNA, whose potential role in H. pyloriassociated pathologies is apparent, but still poorly
understood.
As mentioned previously, several miRNAs are known
to be down-regulated during gastric cancer progression
and, similar to tumor suppressor genes, they can be also
silenced by promoter hypermethylation. For instance,
the expression of several microRNAs, such as miR10a, -10b, -127, -148a, -181c, -195, -219-2-3p, -224,
-338-3p, -340, -378, -433 and -452 among others was
recently reported to be silenced by aberrant methylation
[136-143]
[144]
in gastric cancer
. Interestingly, Kiga et al
demonstrated that H. pylori-associated inflammation
promoted DNA methylation of the miR-210 locus and
enhanced proliferation of gastric cells as a consequence
of augmented STMN1 and DIMT1 expression. MIR-210
(Figure 1) is an hypoxia responsive multifunctional
microRNA whose promoter contains Hypoxia Inducible
factor (HIF1α and 2α) response elements (HRE) and
the target mRNAs are implicated in the regulation of cell
growth arrest, repression of mitochondrial metabolism,
stem cell survival under hypoxic conditions, stalling
the DNA repair system (promoting genetic instability),
[145]
angiogenesis induction and cellular differentiation
.
Again, as for miR-155, silencing of miR-210 following
H. pylori infection is likely to contribute to disease, but
further studies are required.
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Taken together, the data presented here suggest
that miRNAs play essential roles in gastric cancer by
modulating cell proliferation, cell cycle and invasion/
metastasis. In the gastric precancerous condition,
miRNAs are linked to H. pylori-related gastritis and
intestinal metaplasia. From a biomarker point of view,
miRNAs have a strong potential as novel molecular
tools for non-invasive risk assessment of gastric cancer
and precancerous lesions.

REPRIMO AS A MODEL FOR EPIGENETIC
CHANGES IN TUMOR SUPPRESSOR
GENES IN GASTRIC CANCER
The Reprimo gene (official symbol RPRM, MIM 612171,
[146]
GeneID 56475) is located in chromosome 2q23.3 .
Sequence analysis indicates that RPRM is 303 bp long
and does not have introns. The protein sequence
includes 109 aa and has two glycosylation sites (AA
7-10 and 18-21), one phosphorylation site (AA 95-98)
and one myristylation site (AA 13-18) (http://hits.isbsib.ch/cgi-bin/motif_scan). Computational analysis
shows a possible transmembrane domain between
aa 56-78 (www.ensembl.org). According to Ohki
and coworkers, RPRM is an intracellular cytoplasmic
[147]
protein
that is induced after X-ray-irradiation in a
p53-dependent manner. Ectopic p53 expression also
results in the induction of the expression of RPRM.
In both scenarios, RPRM causes G2 arrest of the
cell cycle in association with the inhibition of nuclear
[147]
translocation of cyclin B1 and Cdc2 activity
. An
inverse association between RPRM gene expression
and promoter methylation (Spearman rank R = -1; P
= 0.042) was recently identified. Additionally, RPRM
overexpression robustly inhibited colony formation
and anchorage-independent growth. Furthermore,
in primary gastric cancer cases, RPRM protein was
not detected in tumor tissues but was found to be
present in non-tumor adjacent mucosa (P = 0.001).
Furthermore, the loss of expression is associated
with invasive stages GC (stage Ⅰ to Ⅱ - Ⅳ , P =
0.006). Interestingly, these findings correlated with
p73 (P < 0.0001 and kappa value = 0,363) but not
p53 expression, suggesting a potential link to other
[148]
members of the p53 family
. In a quantitative
analysis of RPRM DNA promoter methylation, the
H. pylori virulence factors cagA (including segments
of the 3 end, encoding EPIYA polymorphisms)
and vacA s1 and m1 regions were associated with
[149]
increased RPRM promoter methylation
. These
results favor the notion that H. pylori regulates RPRM
[149]
[150]
gene expression
. Bernal et al
reported that
methylated RPRM promoter sequences are not only a
common finding in primary tissues of gastric cancer
patients, but also that they can be detected in the
plasma of these patients and rarely in healthy donors.
A translational potentiality of this observation is the
possibility that methylated circulating cell-free DNA
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may be employed as a non-invasive biomarker for
detection of gastric cancer and precancerous lesions.

THE H. PYLORI γ-GLUTAMYL
TRANSPEPTIDASE CONNECTION TO
ADDITIONAL MODES OF REGULATION
IN GASTRIC CANCER: SURVIVIN AS A
MODEL
GGT is an enzyme that catalyzes the transpepti
dation and hydrolysis of the γ-glutamyl moiety from
glutathione and glutathione-conjugated compounds,
[151]
to amino acids . H. pylori γ-glutamyl transpeptidase
(HpGGT) is constitutively expressed and detectable in all
[152]
H. pylori strains , suggesting it is relevant to bacterial
physiology. Among the many effects observed in gastric
[153]
[154]
cells, GGT induces apoptosis
, cell cycle arrest
,
and generates ROS, in particular H2O2, that potentially
[155]
damages DNA . Importantly, significantly higher GGT
activity has been observed in H. pylori isolates obtained
from patients with peptic ulcer disease than in those
[155]
from patients with non-ulcer dyspepsia
. Gastric
ulcers are associated with an elevated risk of developing
[156]
gastric cancer
and these observations implicate
HpGGT as being clinically relevant to the progression of
precancerous gastric lesions.
Beyond the indicated alterations in gastric cells
induced by GGT, recent evidence suggests that this
virulence factor may also enhance proteasomemediated degradation of proteins required for cell
viability, as is the case for survivin, a member of the
inhibitor of apoptosis (IAP) family of proteins. Survivin
expression levels are controlled at the transcriptional
level by several transcription factors and at the
post-transcriptional level by phosphorylation and
[157]
proteasome-mediated degradation
. Survivin is
generally not expressed in normal differentiated tissues,
except in proliferating stem cell populations, but is
strongly upregulated in most human cancer cells where
it enhances proliferation, viability, metastasis and
[157-159]
angiogenesis
. Interestingly, the gastric mucosa
apparently represents an exception to this general rule,
because normal mucosa cells express high levels of
survivin and it has been suggested that presence of the
protein may favor mucosa cell survival in the adverse
gastric environment. Importantly in biopsies from
gastritis patients with H. pylori infection, survivin protein
levels are decreased as compared to control samples
[160]
from gastritis patients without infection . In the same
study, infection in vitro of cells of the gastrointestinal
lineage with H. pylori was shown to trigger the loss
of survivin protein and as a consequence reduces cell
viability. Subsequently, this ability of H. pylori was linked
to the secretion of HpGGT and enhanced turnover
of the protein via the proteasome pathway, possibly
[161]
via a mechanism involving the generation of ROS .
It is interesting to note here that this mechanism
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specifically affected survivin but not other anti-apoptotic
proteins, like Bcl2 or Bcl-xL, and one may speculate
that related events might control turnover of a number
of yet to be identified components in infected cells.
Finally, this GGT-proteasome connection may explain
how early in disease development H. pylori damages
the gastric tissue in zones with high levels of bacterial
infection, favoring the genesis of a pro-inflammatory
environment and potentially subsequent invasion by
[162]
bone marrow-derived cells and intestinal metaplasia .
Further experimentation is required to substantiate
this intriguing hypothesis that could also open up new
avenues for the treatment of H. pylori positive gastritis
patients.

CONCLUSION
In summary, this review highlights how in addition
to H. pylori-associated virulence factors, epigenetic
changes in infected host cells, such as DNA methylation
and miRNAs, are likely to play a significant role in
gastric cancer development and the progression of
the precancerous cascade. Moreover, recent results
revealing how HpGGT modulates the turnover of specific
protective host proteins underscores the tremendous
variability and selectivity of changes that may be
attributed to H. pylori infection. Importantly, from the
clinical perspective, some of the epigenetic factors
discussed can be determined by analyzing blood and
other body fluid samples, thus opening up a new avenue
for non-invasive risk assessment of gastric cancer. In
doing so, we may anticipate that earlier diagnosis and,
as a consequence, more effective treatment of this still
very deadly cancer will become possible.
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Abstract
The importance of the safety of healthy living liver
donors is widely recognized during donor hepatectomy
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which is associated with blood loss, transfusion,
and subsequent post-operative morbidity. Although
the low central venous pressure (CVP) technique
can still be effective, it may not be advantageous
concerning the safety of healthy donors undergoing
hepatectomy. Emerging evidence suggests that stroke
volume variation (SVV), a simple and useful index
for fluid responsiveness and preload status in various
clinical situations, can be applied as a guide for fluid
management to reduce blood loss during living donor
hepatectomy. Synthetic colloid solutions are also
associated with serious adverse events such as the
use of renal replacement therapy and transfusion in
critically ill or septic patients. However, it is uncertain
whether the intra-operative use of colloid solution is
associated with similarly adverse effects in patients
undergoing living donor hepatectomy. In this review
article we discuss the recent issues regarding the
low CVP technique and the high SVV method, i.e. ,
maintaining 10%-20% of SVV, for fluid management
in order to reduce blood loss during living donor
hepatectomy. In addition, we briefly discuss the effects
of intra-operative colloid or crystalloid administration
for surgical rather than septic or critically ill patients.

Core tip: The low central venous pressure technique
can still be effective for reducing blood loss during
hepatectomy. However, it may not be advantageous
regarding the safety of healthy donors undergoing
hepatectomy. Therefore, to reduce blood loss during
donor hepatectomy, we propose an alternative fluid
management technique using a high stroke volume
variation method. For the type of fluid, the use of a
non-lactate-containing crystalloid solution is advisable
during donor hepatectomy. Colloid administration
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should be carefully determined depending upon each
clinical situation of donor hepatectomy, although future
studies will be required to elucidate the effect of colloid
solutions on donor outcomes.
Choi SS, Kim SH, Kim YK. Fluid management in living
donor hepatectomy: Recent issues and perspectives. World J
Gastroenterol 2015; 21(45): 12757-12766 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12757.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12757

INTRODUCTION
Living donor liver transplantation (LDLT) is an
established treatment modality for end-stage liver
disease and it alleviates the shortage of cadaveric
donor organs. This approach to organ procurement
greatly benefits the recipient population, although
the ethical issues associated with donor hepatectomy
and the extreme risks of perioperative morbidity
[1-3]
and mortality must always be considered
. The
importance of donor safety during hepatectomy is
widely recognized, and potential risks during the
perioperative period are a major concern of LDLT.
The liver transplantation program at Asan Medical
Center began in 1992 with deceased donor liver
transplantation and now accomplishes more than 300
[4]
LDLTs per year (Figure 1) . At our medical institution,
perioperative complications associated with general
anesthesia and living donor hepatectomy have been
reduced and prevented by careful perioperative
management as well as by the clinical experience of
[5]
the anesthesiologists and the surgical staffs .
Our article will review the key considerations
for the optimal fluid management of living donor
hepatectomies for adult-to-adult liver transplantation.
These will be based on our clinical experience at
Asan Medical Center in Seoul, Korea. We will focus in
particular on central venous pressure (CVP) and stroke
volume variation (SVV) monitoring and the selection of
the appropriate fluid type.

CVP-guided fluid management in living donor
hepatectomy

In general, hepatectomy inevitably causes a significant
blood loss and transfusion requirement, which are
among the major causes of post-operative morbidity
[6-10]
and mortality
. In addition to the many surgical
techniques which attempt to reduce blood loss during
hepatectomy, fluid management to aid in the reduction
of operative bleeding has also been developed.
Careful fluid management is believed to be one of the
important strategies to minimize blood loss during
hepatectomy. Various anesthetic methods to reduce
blood loss during living donor hepatectomy include
acute normovolemic intraoperative hemodilution with
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[11-13]

autologous blood donation
, intraoperative cell
[13]
[14]
salvage , low CVP technique , and the high SVV
[15]
method . Of these, fluid management, such as
lowering CVP and maintaining high SVV, is simpler and
easier to perform as it has no requirement for specific
devices, equipment or additional personnel.
Following the first prospective report of Jones et
[16]
al , maintaining a low CVP is widely used to diminish
intraoperative blood loss in some anesthetic protocols
[17-19]
of hepatectomy
. Because CVP is thought to reflect
hepatic sinusoid pressure, lowering CVP during liver
resection can reduce hepatic parenchymal congestion
and subsequent blood loss by helping to control
[16,17]
hepatic venous hemorrhage
. It is known that the
target CVP during hepatectomy is 5 mmHg or less, and
which has been shown to reduce intraoperative blood
loss, the need for blood transfusions, morbidity, and
[16-18,20]
mortality
. A low CVP can be simply produced
and maintained by fluid restriction, although there
is no study evaluating the lowest safe rate of fluid
[20]
infusion. For example, Wang et al
reported that
maintenance of CVP ≤ 4 mmHg by reduction of the
fluid infusion rate to near 75 ml/h decreased blood
loss during hepatectomy and shortened the length of
the patient hospital stay without detrimental effects
on hepatic or renal function. A low CVP has also been
achieved by elective addition of pharmacologic agents
[20-22]
[23]
[14]
such as nitroglycerin
, morphine , milrinone ,
[14,20,24]
and furosemide
. In addition, the low CVP
technique used during the pre-anhepatic phase of
liver transplantation surgery reduces intraoperative
blood loss as well as protecting the liver function and
[25]
having no detrimental effects on renal function . On
the contrary, a low CVP strategy was associated with
higher mortality and morbidity rates among orthotopic
[23]
liver transplant recipients .
However, several lines of evidence have demon
strated that CVP did not correlate with blood loss
[13,26-28]
during hepatectomy of healthy living donors
.
For example, CVP during hepatic resection was
not associated with intraoperative blood loss in
[13,27]
living liver donors
. In addition, the amount of
intraoperative blood loss was not significantly reduced
in donors with relatively low CVP during living donor
[26,28]
hepatectomy
. An evaluation of nearly 1000
living liver donors in our medical institution has
revealed that factors associated with intraoperative
blood loss were patient gender, body weight, and
fatty changes in the liver, although not the CVP level
[28]
[27]
during hepatectomy . Furthermore, Niemann et al
found that blood loss was similar in donors with and
without CVP monitoring, and thus suggesting CVP
monitoring may not be necessary in a highly selected
[27]
patient population, such as living donors . It was also
reported that CVP did not correlate with the preload
[29]
status in normal healthy volunteers . Discrepancies
regarding the usefulness of the low CVP technique to
reduce blood loss may arise from differences in patient
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Figure 1 Evolution of liver transplantation at Asan Medical Center, University of Ulsan College of Medicine. From February 1997 to April 2013, 3000 ALDLTs
were performed without donor mortality. As of 2010, the annual number of ALDLTs exceeded 300 and with increased performance of ABO-incompatible ALDLT. ALDLT:
Adult living donor liver transplantation; DDLT: Deceased donor liver transplantation; LDLT: Living donor liver transplantation; RL: Right-lobe; LL: Left-lobe; LT: Liver
transplantation; OLT: Orthotopic liver transplantation. Jan: January; Feb: February; Mar: March; Apr: April; Jul: July; Aug: August; Sep: September; Oct: October; Nov:
November; Dec: December. Reprinted with permission[4].

populations. The hemorrhagic tendency of liver tissue
in patients with benign or malignant hepatic lesions
may differ from that in healthy living liver donors.
In various surgical situations, CVP measurements
may be inaccurate, although the correct measurement
[30]
of CVP is crucial for its proper application . A critical
review has assessed the correct placement of pressure
transducer for CVP measurement in the physiologi
[30]
cal context . The authors of this review used a
questionnaire among intensivists and anesthesiolo
gists in order to determine the correct alignment
of the pressure transducer to the phlebostatic axis
(a horizontal plane through the tricuspid valve).
Surprisingly, only 3.4% of the respondents identified
the correct phlebostatic axis for CVP measurement.
Furthermore, 45.6% of the respondents mentioned
that CVP had no clear-cut relation to the intravascular
volume status or to changes in volume. CVP can be
affected by factors, including the patient position,
surgical liver manipulation, intrathoracic pressure
[including positive end-expiratory pressure (PEEP)],
pulmonary disease, tricuspid valve disease, pericardial
[30-32]
pressure, and intra-abdominal pressure
. Indeed,
during hepatectomy, liver manipulation, occasional
clamping of the inferior vena cava (IVC), hepatic
veins or even the portal vein by the surgeon, and
relatively frequent patient position changes can cause
confusion regarding the correct measurement of the
CVP value. It has also been noted that head-down
tilting is frequently used during maintenance of low
[20,21]
[22,33]
CVP
. Sand et al
reported that there was a
dissociation between CVP and hepatic venous pressure
in a head-down tilt (Trendelenburg’s position) at both
5 cmH2O PEEP and zero end-expiratory pressure. They
suggested that CVP cannot be used as a surrogate for
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both portal and hepatic venous pressures in the headdown position.
More importantly, potential fatal consequences of
the low CVP technique during hepatectomy include
[21,34]
air embolism and unnecessary hypoperfusion
,
although a head-down tilt position is frequently used
to prevent possible air embolism and to improve the
[21,22]
venous return
. It can be reasonably expected
that a negative CVP can allow large volumes of air
through small or unrecognized, opened hepatic veins
during hepatic parenchymal resection. In fact, an
[16]
earlier report by Jones et al
also documented that
a small air embolism was suspected in two patients
(5% of patients maintaining a low CVP). It should be
also kept in mind that central venous catheterization
[35,36]
is associated with its own morbidity
. The overall
complication rate of central vein catheterization was
from 5% to more than 26% in patients who were
[36]
recommended for treatment or monitoring . Even
in living liver donors, central venous catheter-related
[37]
thrombosis has been observed .
Taken together, it is suggested that a low CVP
technique used during living donor hepatectomy may
not be advantageous regarding the safety of healthy
living donors undergoing hepatic resection. Safer,
simpler, and more useful fluid management methods
are, therefore, required in order to reduce blood
loss and subsequent morbidity during living donor
hepatectomy.

SVV-guided fluid management during living donor
hepatectomy

SVV is one of the dynamic parameters of hemodynamic
monitoring used to access the volume status and fluid
responsiveness in mechanically ventilated patients.
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Figure 2 Effect of stroke volume variation-directed fluid management on
blood loss during living donor right hepatectomy. The control group (< 10%
SVV) received usual fluid management (6-10 mL/kg per hour during surgery),
whereas the high SVV group underwent fluid restriction (2-4 mL/kg per hour
until completion of hepatectomy) with SVV ranging from 10% to 20%. Blood
loss was significantly lower in the high SVV than in the control group. SVV:
Stroke volume variation. Reproduced data with permission[15].

SVV is currently accepted as a simple and sensitive
indicator for evaluating fluid responsiveness and
[38-44]
the preload status in various clinical settings
.
Our group found that SVV may be an independent
hemodynamic predictor of intraoperative blood loss ≥
700 mL, as well as being a valuable functional preload
[45]
index during living donor hepatectomy . Dunki-Jacobs
[46]
et al
demonstrated that CVP values significantly
correlated to SVV value, thus implying that SVV can be
used as an alternative to CVP monitoring during hepatic
resection in patients with diseased, but not normal,
liver. The usefulness of the SVV value was also reported
[47]
in patients undergoing laparoscopic liver resection .
[47]
Kitaguchi et al found that CVP of -1 to 1 mmHg was
2
significantly correlated to an SVV of 18%-21% (R =
0.85, P < 0.001), and thus indicating a safe alternative
to CVP monitoring during hepatic resection and with
equivalent outcomes in blood loss. In addition, when
IVC with or without the portal triad was clamped during
hepatic resection, the SVV was significantly higher in
patients with lower blood loss than in those with higher
[48]
blood loss . Therefore, SVV may be used as a guide
for fluid management in order to reduce blood loss
during living donor hepatectomy.
To demonstrate this concept, we recently performed
a randomized controlled study and compared the
effects of SVV 10%-20% (high SVV) and < 10%
SVV (control) on blood loss during living donor right
[15]
hepatectomy . The mean blood loss during living
donor right hepatectomy was remarkably lower in the
high SVV group than in the control group (475.5 ±
131.2 mL vs 835.5 ± 341.1 mL, P < 0.001; Figure 2).
There was also no significant between-group difference
observed in the perioperative laboratory values such
as hemoglobin, the lactate and creatinine levels, liver
function test, and coagulation profiles, the incidence of
intraoperative hypotensive episode and mean arterial
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Infusion rate: 8-10 mL/kg per hour

Figure 3 Proposed algorithm of stroke volume variation-guided fluid
management during living donor hepatectomy. SVV: Stroke volume
variation. Modified with permission[15].

blood pressure during hepatectomy. Neither group of
donors experienced renal failure or death. All donors
were discharged from the hospital without any major
complications.
We determined high SVV as 10%-20% based on
[41,44]
previous studies
and our numerous experiences
with living donor hepatectomy over 20 years. In our
previous study, the median SVV of the high SVV group
was 11.7% (11.0%-13.0%) [vs 5.3% (4.7%-6.3%)
[15]
in the control group] and was safely maintained .
Therefore, in order to reduce blood loss during living
donor hepatectomy, we propose a fluid management
technique using a high SVV method.

proposed algorithm of SVV-guided fluid management

SVV can be safely maintained at 10%-20% with simple
fluid restriction and optional administration of a small
dose of diuretics during living donor hepatectomy,
[15]
in accordance with our previous study results
and
clinical experience. A proposed fluid management
algorithm during living donor hepatectomy is shown in
Figure 3.
Neither replacement of a volume deficit from fasting
nor compensatory intravascular volume expansion is
conducted prior to induction of anesthesia when using
our protocol. Donors’ lungs are mechanically ventilated
in order to maintain a constant tidal volume of 8-10
mL/kg. We do not apply PEEP during mechanical
ventilation because SVV is obviously influenced by
[49,50]
PEEP
. After anesthesia induction, fluid restriction
is begun and is continued until the completion of
hepatectomy. The fluid is administered intraoperatively
using crystalloid (plasmalyte) and colloid solutions
(albumin). Colloid solution is administered only after
hepatectomy for volume replacement. At first, fluid
administration is restricted with the infusion rate of 3-4
mL/kg per hour until completion of hepatectomy in order
to maintain an SVV of 10%-20%. If the donor’s SVV
was < 10% during this period, the infusion rate was

12760

December 7, 2015|Volume 21|Issue 45|

Choi SS et al . Fluid management in living donor hepatectomy
decreased to 2 mL/kg per hour and furosemide (max.
40 mg) was optionally administered according to the
clinicians’ decision. After completion of hepatectomy,
fluid replacement is maintained with the infusion
of a colloid or crystalloid solution at a rate of 8-10
mL/kg per hour. Systolic arterial blood pressure is
maintained at ≥ 90 mmHg. If systolic arterial blood
pressure decreased further < 80 mmHg during donor
hepatectomy, ephedrine and additional fluid are
administered. Urine output is maintained at ≥ 0.5 mL/
kg per hour. Hemoglobin concentration is maintained
at ≥ 7 g/dL; if the hemoglobin concentration is < 7
g/dL, transfusion of packed red blood cells is planned.
Furosemide may be optionally administered in
order to achieve high SVV according to our protocol.
However, furosemide may induce acute kidney injury.
Several reviews in diseased subjects have found that
rapid or early excessive fluid removal using diuretics,
and which leads to hypovolemia, may be associated
[51,52]
with an increased risk for acute kidney injury
.
In addition, furosemide has not shown significant
clinical benefits in the prevention or treatment of acute
[51,52]
kidney injury
. In our recent clinical trial, healthy
living liver donors showed no significant changes in
perioperative serum creatinine levels regardless of
[15]
furosemide administration . This discrepancy may
be related, at least in part, to the investigated popu
lation. Although a relatively small dose of adjuvant
furosemide may be used with care in order to maintain
high SVV in healthy living donors, further studies
concerning effective and safe alternative drugs for
maintaining high SVV of 10%-20% will be required.
We reported in a large cohort study that the
preoperative hemoglobin level and graft-to-donor
weight ratio were useful independent predictors of
[53]
blood transfusion in living donor hepatectomy .
Preoperatively moderate anemia (hemoglobin < 11
g/dL, but ≥ 8 g/dL) was observed in 1.4% of living
[53]
liver donors . Thus, the high SVV method can be
recommended for living liver donors with risk factors
such as anemia in order to reduce blood loss during
donor hepatectomy as well as subsequent blood
transfusion requirements.
However, this parameter has several possible
limitations because SVV utilizes cardiorespiratory
interaction over a mechanically ventilated respiratory
[43,54-56]
cycle
. First, the patient must be mechanically
ventilated without any spontaneous breathing. Second,
the tidal volume should be ≥ 8 mL/kg of the ideal
body weight. Third, several clinical conditions, such as
cardiac arrhythmia, preclude the use of this parameter.

Types of fluids in living donor hepatectomy

Numerous recent reviews and meta-analyses have
reported that synthetic colloids than crystalloids
or albumin seemed to increase the need for renal
replacement therapy and blood transfusion and
resulted in more serious adverse events while pro
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viding no overall clinical benefits for critically ill or
[57-63]
septic patients
. However, it is uncertain whether
the intraoperative use of colloid solution is associated
with similarly adverse effects in patients undergoing
surgery, as shown Table 1. A meta-analysis of 17
randomized studies evaluating the renal safety of
hydroxyethyl starches (HES) 130/0.40 in surgical
[64]
patients observed no evidence of renal dysfunction .
[65]
Another meta-analysis from Gillies et al
found no
difference in the incidence of death or AKI in surgical
patients receiving 6% HES. However, they did not
recommend the use of 6% HES solution in surgical
patients because of the absence of demonstrable
[65]
benefits . Cytokines and other inflammatory
mediators produced in a septic condition can induce
gaps between endothelial cells, thus resulting in
[66]
microvascular leak and tissue edema . Because
the endothelial permeability of septic patients differs
from that in the healthy population, harmful or no
beneficial results from these critically ill patients
cannot be extended in living liver donors or elective
surgical patients. In trauma patients having similar
pathophysiology as that of surgical patients, it
has been reported that fluid resuscitation with
colloid solution decreased both the morbidity and
[67,68]
mortality
. Currently, there is few report evaluating
the outcomes of the intraoperative use of colloid
solutions in living donors undergoing hepatectomy.
Further studies will be required in order to demonstrate
either the significant benefits or harms associated
with the administration of synthetic colloid solutions
in living liver donors. Therefore, administration
of colloid solution should be carefully determined
depending upon each clinical situation of living donor
hepatectomy.
Crystalloid solutions are extensively used to
maintain and replace the intravascular volume in
a variety of surgical procedures performed under
general anesthesia. When a large amount of normal
saline containing no buffer or other electrolytes
is administered during surgery, a hyperchloremic
metabolic acidosis can result, thus causing increased
morbidity and a longer hospital stay following
[69-71]
major surgery
. In living liver donors, normal
saline administration during hepatectomy may be
detrimental due to its association with hyperchloremic
[26,72]
metabolic acidosis
. Ringer’s lactate (RL) solution
which contains 28 mmol/L of lactate and has a pH
of 6.5, is one of the most preferred crystalloids due
to its similar electrolyte composition to extracellular
[72]
fluid as well as its buffering effect . However, it
has been shown that the infusion of a large volume
of RL solution during major spine surgery caused
postoperative mild hyponatremia and respiratory
acidosis, although it did not induce hyperchloremic
[73]
metabolic acidosis as does normal saline . A recent
report conducted following major abdominal surgery
found that total infused saline and the lactate level
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Table 1 Controversial effects of intraoperative colloid administration on the outcomes of surgical patients
Ref.
Mukhtar et al[77]
Rioux et al[78]

Study design

Types of surgery (n )

Types of colloid

Clinical outcomes of colloid

RCT

Living donor liver
transplantation (40)
Cardiac surgery (254)

6% HES 130/0.4 vs Alb

No difference in renal outcome

Retrospective,
propensity score matching

Hokema et al[79]

Retrospective

Martin et al[64]

Meta-analysis

Canet et al[80]

Prospective observational,
propensity score matching,
multicenter
RCT, double-blind,
two-center
RCT, double-blind

Van der Linden
et al[81]
Skhirtladze
et al[82]
Rasmussen
et al[83]
Kancir et al[84]
Lindroos et al[85]

Pediatric cardiac surgery
(61)
Cardiac surgery (236)

6% HES 130/0.4 vs Alb

RCT

Cystectomy (33)

6% HES 130/0.4 vs RL

RCT
RCT

Hip arthroplasty (38)
Neurosurgery (30)

6% HES 130/0.4 vs NS
6% HES 130/0.4 vs RA

Yates et al[86]
Gillies et al[65]
Kashy et al[87]

RCT, double-blind
Meta-analysis
Retrospective,
propensity score matching

Mercier et al[88]

RCT, double-blind,
multicenter
Retrospective,
propensity score matching
RCT, double-blind
Retrospective

Hand et al[89]
Kancir et al[90]
Choi et al[91]

10% pentastarch
250/0.45 (< 14 mL/kg vs
≥ 14 mL/kg)
Renal transplantation (113) 6% HES 130/0.4 vs NS or
RA
Various surgical procedures
6% HES 130/0.4 vs
(1230)
comparators1
General surgery (2462)
Colloids2 vs crystalloids

6% HES 130/0.4 vs Alb
vs RL

Colorectal surgery (202)
6% HES 130/0.4 vs RL
Non-cardiac surgery (1567) 6% HES vs comparators1
Non-cardiac and
Colloids3 vs crystalloids
non-urological surgery
(29360)
Caesarean section (167)
6% HES 130/0.4 vs RL
Deceased donor liver
transplantation (174)
Radical prostatectomy (36)
Living donor hepatectomy
(1969 )

Dose-dependent renal toxicity

No difference in delayed renal graft function
No differences in renal outcome and length of
hospital stay
Increased pulmonary or cardiovascular
complications and length of hospital stay
No difference in mortality
No differences in complications
Both colloids increased blood transfusion,
decreased coagulation and increased the
creatinine level
Increased blood loss and decreased coagulation
No differences in re-operation and hospital stay
No harmful effect on renal function
Decreased coagulation
No differences in blood loss
No differences in complications
No differences in mortality or AKI
Dose-dependent renal toxicity

Same effects in both mother and neonate

6% HES 130/0.4 vs Alb

6% HES increase risk of AKI

6% HES 130/0.4 vs NS
6% HES 130/0.4 vs
crystalloids

No difference in renal outcome
Postoperative delayed recovery of hepatic
function

1

Comparators included crystalloid solutions, gelatin solutions, and albumin; 2Mainly 6% HES 130/0.4; 3Mainly 6% hexastarch 670/0.75. AKI: Acute kidney
injury; Alb: 5% human albumin; HES: Hydroxyethyl starch; NS: Normal saline; RA: Ringer’s acetate solution; RCT: Randomized controlled trial; RL:
Ringer’s lactate solution.

were independent factors related to metabolic
[71]
acidosis . Due to the increased concentration
[74]
of lactate after living donor hepatectomy , the
RL solution should be carefully infused in living
donors undergoing extensive hepatic dissection.
Because hepatic blood flow and the capacity of the
liver to metabolize lactate may change during and
[75]
after hepatectomy , additional administration
of exogenous lactate may increase the lactate
[5]
[76]
concentration . Shin et al
reported a prospective
study comparing the effects of two, crystalloid
solutions with and without lactate on the liver function
test data and the serum lactate level in living donors
undergoing right hepatectomy. In that study, median
lactate concentrations 1 h after hepatectomy were
significantly higher in donors with RL solution than
with the plasmalyte, a balanced solution of pH 7.4 and
containing acetate and gluconate (rather than lactate)
as bicarbonate precursors [4.2 (3.2-5.7) mmol/L vs
[76]
3.3 (2.6-4.6) mmol/L, respectively] . Therefore,
the use of non-lactate-containing crystalloid solution,
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such as plasmalyte, is advisable during living donor
hepatectomy in order to avoid induction of hyper
[5,76]
lactatemia and hyperchloremia
.

CONCLUSION
The importance of precise fluid management in order
to reduce blood loss during hepatectomy in healthy
living liver donors cannot be overemphasized. Although
a low CVP technique may be still effective, we propose
the high SVV method, i.e., maintaining 10%-20%
of SVV for fluid management in order to reduce
blood loss during living donor hepatectomy. The nonlactate-containing crystalloid solution is also advisable
for use during living donor hepatectomy. However,
intraoperative administration of synthetic colloid
solution should be carefully determined depending
on each clinical situation of living donor hepatectomy.
Future studies will be required in order to elucidate the
effect of colloid solutions on the outcomes of living liver
donors undergoing hepatectomy.
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Abstract
AIM: To investigate whether dermal lymphatic function
and architecture are systemically altered in dextran
sulfate sodium (DSS)-induced acute colitis.
METHODS: Balb/c mice were administered 4%
DSS in lieu of drinking water ad libitum for 7 d and
monitored to assess disease activity including body
weight, diarrhea severity, and fecal bleeding. Control
mice received standard drinking water with no DSS.
Changes in mesenteric lymphatics were assessed
following oral administration of a fluorescently-labelled
fatty acid analogue, while dermal lymphatic function
and architecture was longitudinally characterized
using dynamic near-infrared fluorescence (NIRF)
imaging following intradermal injection of indocyanine
green (ICG) at the base of the tail or to the dorsal
aspect of the left paw prior to, 4, and 7 d after DSS
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administration. We also measured dye clearance
rate after injection of Alexa680-bovine serum al
bumin (BSA). NIRF imaging data was analyzed to
reveal lymphatic contractile activity after selecting
fixed regions of interest (ROIs) of the same size in
fluorescent lymphatic vessels on fluorescence images.
The averaged fluorescence intensity within the ROI of
each fluorescence image was plotted as a function of
imaging time and the lymphatic contraction frequency
was computed by assessing the number of fluorescent
pulses arriving at a ROI.
RESULTS: Mice treated with DSS developed acute
inflammation with clinical symptoms of loss of body
weight, loose feces/watery diarrhea, and fecal blood,
all of which were aggravated as disease progressed to
7 d. Histological examination of colons of DSS-treated
mice confirmed acute inflammation, characterized by
segmental to complete loss of colonic mucosa with
an associated chronic inflammatory cell infiltrate that
extended into the deeper layers of the wall of the
colon, compared to control mice. In situ intravital
imaging revealed that mice with acute colitis showed
significantly fewer fluorescent mesenteric lymphatic
vessels, indicating impaired uptake of a lipid tracer
within mesenteric lymphatics. Our in vivo NIRF imaging
data demonstrated dilated dermal lymphatic vessels,
which were confirmed by immunohistochemical
staining of lymphatic vessels, and significantly reduced
lymphatic contractile function in the skin of mice
with DSS-induced acute colitis. Quantification of the
fluorescent intensity remaining in the depot as a
function of time showed that there was significantly
higher Alexa680-BSA fluorescence in mice with DSSinduced acute colitis compared to pre-treatment with
DSS, indicative of impaired lymphatic drainage.
CONCLUSION: The lymphatics are locally and sys
temically altered in acute colitis, and functional NIRF
imaging is useful for noninvasively monitoring systemic
lymphatic changes during inflammation.
Key words: Dextran sulfate sodium; Colitis; Lymphatic
system; Inflammation; Near-infrared fluorescence
imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease (IBD) is a
systemic disease, as it is often associated with extraintestinal manifestations, complications, and other
autoimmune disorders. However, it is unknown whether
dermal lymphatic function changes systemically in
response to IBD. In this study, we employed nearinfrared fluorescence imaging to characterize dermal
lymphatic function and architecture in mice with
dextran sulfate sodium (DSS)-induced acute colitis.
Our results demonstrated impaired lymphatic function
in mesenteric lymphatics accompanied by dilated
lymphatic vessels and reduced lymphatic contractility

WJG|www.wjgnet.com

in the skin of mice with DSS-induced acute colitis,
indicating that DSS-induced acute colitis results in
systemic lymphatic dysfunction.
Agollah GD, Wu G, Peng HL, Kwon S. Dextran sulfate sodiuminduced acute colitis impairs dermal lymphatic function in mice.
World J Gastroenterol 2015; 21(45): 12767-12777 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i45/12767.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i45.12767

INTRODUCTION
Inflammatory bowel disease (IBD), such as ulcera
tive colitis (UC) and Crohn’s disease (CD), involves
progressive and destructive inflammation of the
small and large intestines. Recent evidence suggests
that IBD pathogenesis may result from an abnormal
immune response to normal gut microbial antigens
within the intestinal flora of genetically-susceptible
[1]
individuals . However, the precise mechanisms of
immune and genetic involvement in IBD remain poorly
understood.
IBD is a systemic disease, as it is often associated
with extra-intestinal manifestations (EIMs), complications,
and other autoimmune disorders including psoriasis and
[2]
rheumatoid arthritis . Cutaneous complications, such as
erythema nodosum and pyoderma gangrenosum, are
[3,4]
relatively common manifestations of IBD . Although
dependent on different mechanisms, both IBD and
its extra-intestinal complications are characterized by
an influx of destructive inflammatory cells with the
subsequent secretion of pro-inflammatory cytokines and
mediators, which may affect lymphatic function, both
locally and systemically. A previous study demonstrated
increased lymphatic vessel diameters, reduced number
of spontaneously-pumping lymphatic vessels, and
lower contraction frequency in vitro and in situ in the
mesenteric lymphatic vessels in the 2,4,6-trinitrobenzene
[5]
sulfonic acid (TNBS) model of guinea pig ileitis .
Impaired lymphatic function during intestinal inflam
mation may delay immunological responses and thus
hinder the resolution of inflammation-associated
[6]
[7,8]
edema , a common condition associated with IBD .
However, it is unknown whether the lymphatic system
changes systemically in response to gut inflammation.
The lymphatic system plays important roles
in: (1) removing excess fluid from the tissues and
thus maintaining tissue-fluid homeostasis; and (2)
transporting activated immune cells into draining
lymph nodes (DLNs) via afferent lymphatic vessels,
thus evoking inflammatory immune response and
[9,10]
subsequently resolving inflammation
. Impaired
lymphatic function has been implicated in many
[10]
pathological conditions, including inflammation .
Given the essential role played by the lymphatics in the
initiation, progression, and resolution of inflammation,
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lymphatic function may be systemically altered during
gut inflammation. Additionally, intestinal lymphatic
vessels, known as lacteals, within intestinal villi take
up dietary lipids for transportation back to the blood
vasculature. Thus, it is likely that lymphatics play an
important role in the complex etiology of IBD and its
[6]
EIMs . Herein, we describe lymphatic function in the
skin of mice with DSS-induced acute colitis using near[11]
infrared fluorescence (NIRF) lymphatic imaging . Our
data demonstrates for the first time, systemically-altered
dermal lymphatic function in mice with acute colitis.

MATERIALS AND METHODS
Animals

Six to eight week-old female Balb/c mice (Charles
River) were housed and fed sterilized pelleted food
and sterilized drinking water. Animals were maintained
in a pathogen-free mouse facility accredited by
the American Association for Laboratory Animal
Care (AALAC). All experiments were performed in
accordance with the guidelines of the Institutional
Animal Care and Use Committee (IACUC). Animal
experiments were approved by University of Texas
Health Science Center Institutional Animal Welfare
Committee (AWC-14-0034).

Induction of colitis and assessment of disease severity

Experimental colitis was induced by administering
4% (wt/vol) DSS (molecular weight 36-50 kDa, MP
[12]
Biomedicals)
solution to replace drinking water ad
libitum for 7 d. Control mice received standard drinking
water. On day 7, mice were euthanized and tissues
harvested for ex vivo studies. In all mice, body weight
and diarrhea severity (diarrhea score: 0, normal; 1,
slightly loose feces; 2, loose feces; 3, watery diarrhea)
[13]
were monitored . Body weight at day 4 and 7
were normalized to day 0, and body weight change
expressed as a percentage. In addition, fecal bleeding
(visible fecal blood score: 0, normal; 1, slightly bloody;
[13]
2, bloody; 3, blood in whole feces) was scored . Colon
length was measured to determine severity of colitis.

In situ Mesenteric lymphangiography imaging

For imaging mesenteric lymphatic vessels, 1 mL of a
long-chain fatty acid, Bodipy-FL-C16 (Life Technologies)
was orally administered to control mice and 7-d DSStreated mice. At 30 min after oral administration,
mice were euthanized and fluorescence imaging was
performed to visualize fluorescent lymphatic vessels
in the mesentery using a stereomicroscope (MZ16
A, Leica Microsystems, Inc.) with excitation light at
493 nm and emission light at 503 nm. The number of
fluorescent mesenteric lymphatic vessels was counted.

In vivo functional NIRF lymphatic imaging

Mice were imaged for baseline lymphatic parameters
prior to beginning DSS treatment, at 4, and 7 d
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after administration. Mice were anesthetized with
isoflurane and maintained at 37 ℃ on a warming pad.
A volume of either 10 μL or 2 μL of 645 μmol/L ICG
(Akorn, Inc.) dissolved in mixture of distilled water
and 0.9% sodium chloride in a volume ratio of 1:9
was injected intradermally at either the base of the tail
or to the dorsal aspect of left hind paw, respectively,
using 31 gauge needles (BD Ultra-FineTM Ⅱ Short
Needle, Becton and Dickinson Medical) or 34 gauge
needles (Nanofil, World Precision Instruments, Inc.).
Fluorescence images were acquired immediately
before and for up to 20 min after id injection using
a custom-built NIRF imaging system as described
[14]
previously . The number of fluorescent lymphatics in
the dorsum of the foot or the base of the tail near the
injection site was counted.

Quantification of dye clearance

In order to measure dye clearance, 2 µL of Alexa680BSA was injected intradermally at the dorsal aspect
of the left hind paw in an anesthetized mouse prior
to DSS treatment for baseline, and 7 d after DSS
treatment using 34 gauge needles (Nanofil, World
Precision Instruments, Inc.). The injection area in a
mouse was imaged every 1 h for up to 6.5 h after
injection. Mice regained consciousness between
measurements. The region of interest (ROI) was
defined as the entire paw and fluorescent intensities
within the ROI were measured.

Immunohistochemical analysis

For histological analysis, tissue samples were fixed
in 10% formalin overnight before transfer into 70%
ethanol. Tissue samples were embedded in paraffin
and 4 μm sections used in all staining procedures.
The tissue sections stained with hematoxylin-eosin
(HE) were analyzed by Dr. Roger Price at Center
for Comparative Medicine Pathology Core at Baylor
College of Medicine (BCM). Paraffin-embedded sec
tions were stained for LYVE-1 as follows. Following
paraffin removal and antigen retrieval using citrate
buffer, tissues were blocked with 5% bovine serum
albumin (BSA) and stained with rabbit anti-mouse
LYVE-1 antibody (AngioBio) and biotin-anti rabbit
secondary antibody (Vector Labs). Vectastain Elite ABC
system for peroxidase and DAB or ImmPACT Novared
chromagen reagents were used before tissues were
counter-stained with hematoxylin (Vector Labs).
LYVE-1 expression in three different fields in each
section was examined at magnification × 400 (Leica
Microsystems Inc.). Lymphatic vessel number and
relative lymphatic vessel area, which was defined as
the percentage of positively stained lymphatic vessel
[15]
area were determined as described previously using
Image-Pro Plus software (Media Cybernetics, Inc.).

Lymphatic function analysis

The data was analyzed with Matlab (The MathWorks,
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Inc.) and ImageJ (National Institutes of Health). To
reveal contractile activity resulting in propulsive lymph
flow, fixed regions of interest (ROIs) of equal size
in the fluorescent lymphatic vessels were defined
on fluorescence images. The averaged fluorescence
intensity within each ROI in each fluorescence image
was plotted as a function of imaging time. The number
of “pulses” of ICG-laden lymph was an indication
of lymphatic contractile activity and termed as
“contractions”.

Statistical analysis

Data were presented as average values ± standard
error. The statistical analysis was performed by HoLan Peng from School of Public Health, The University
of Texas Health Science Center at Houston, using SAS
Enterprise Guide 5.1 and SigmaPlot 11.0. For the
pairwise comparisons, the paired t test or Wilcoxon
signed rank test were used depending on the type
and the normality of the data. For between group
comparisons, the two-sample t test or Wilcoxon rank
sum test were used depending on the normality of the
data. The significance level was defined as P < 0.05.

RESULTS
Characteristics of DSS-induced acute colitis

Mice treated for 7 d with DSS developed acute
inflammation. As shown in Figure 1, clinical symptoms
in mice with DSS-induced acute colitis included
loss of body weight (Figure 1A), loose feces/watery
diarrhea (Figure 1B), and fecal blood (Figure 1C), all
of which were aggravated as disease progressed to
7 d. In addition, the length of the colon decreased
as disease severity increased and was significantly
shorter in mice at day 7 (Figure 1D). Histopathological
examination of colons of DSS-treated mice confirmed
acute inflammation (Figure 1F), characterized by
segmental to complete loss of the colonic mucosa
with an associated chronic inflammatory cell infiltrate
that extended into the deeper layers of the wall of
the colon, compared to control mice (Figure 1E).
Ulceration of the colon was typically associated with
hyperplasia of the colonic mucosa adjacent to the
areas of ulceration. Thus, mice treated with DSS for 7
d exhibited acute inflammation as assessed by clinical
symptoms.

DSS treatment induces mesenteric and dermal
lymphatic vessel remodeling

To assess whether DSS-induced colitis affected
mesenteric lymphatic drainage, we performed
intravital fluorescent lymphangiography 30 min after
oral gavage administration of Bodipy-FL-C16. Mice
with acute colitis (Figure 2B) showed impaired uptake
of Bodipy-FL-C16 within mesenteric lymphatics as
compared to controls (Figure 2A). We observed
significantly fewer fluorescent mesenteric lymphatic
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vessels in mice treated with DSS for 7 d than those
in control mice (Figure 2E). To examine differences
in lymphatic vessel architecture within the colons, we
performed immunohistochemical (IHC) staining for
lymphatic vessel endothelial hyaluronan receptor 1
(LYVE-1). Colons of DSS-treated mice exhibited dilated
lymphatic vessels (Figure 2D and G) and increased
number of vessels (Figure 2F), compared to control
mice (Figure 2C).
Given the changes within the mesenteric lym
phatics, we next assessed whether DSS-induced colitis
affected peripheral lymphatic architecture and function
as well. We performed NIRF imaging after id injection
of ICG in the dorsal aspect of the hind paw. In vivo
fluorescence imaging data demonstrated that mice
with acute colitis after 7 d of DSS treatment (Figure
3B) showed similar peripheral lymphatic drainage
patterns in the paw as compared to control animals
(Figure 3A), although dilated lymphatic vessels were
observed in mice with DSS-induced colitis. However,
the number of fluorescent lymphatic vessels in the
foot between baseline (2.2 ± 0.4) and 7 d after DSS
treatment (1.8 ± 0.4) was not statistically different.
We also assessed the depot clearance of Alexa680BSA. Fluorescent images from one representative
mouse showing clearance of Alexa680-BSA from the
depot (dorsal aspect of the left hind paw) over about
6 h are shown in Figure 3C. We found that while the
fluorescence rapidly decreased in mice prior to DSS
treatment, 7 d DSS treatment delayed the clearance.
Quantification of the fluorescent intensity remaining in
the depot as a function of time as shown in Figure 3D,
showed that there was significantly higher fluorescence
in mice with DSS-induced acute colitis than that in
mice prior to DSS treatment, indicative of impaired
lymphatic drainage.
Next, to examine whether dermal lymphatics were
altered in response to DSS-treatment, skin and ear
tissues were immunostained with antibody to LYVE-1.
We observed no significant differences in the number
of lymphatic vessels between control (Figure 4A and
E) and mice with DSS-induced colitis (Figure 4B and
F) in either skin or ears, whereas a significant increase
of the relative area occupied by peripheral lymphatic
vessels in mice with DSS-induced colitis was observed
as compared to that in control, indicative of dilated
dermal lymphatic vessels in response to DSS-induced
acute colitis (Figure 4C, D, G and H). However, we did
not observe any clinically apparent manifestations in
the skin of DSS-treated mice.

DSS-induced colitis impairs dermal lymphatic contractile
function

We examined lymphatic contractile function in the skin
of mice with DSS-induced acute colitis to investigate
whether lymphatic function was systemically impaired
in response to intestinal inflammation. Quantitative
analysis of lymphatic contractile function demonstrated
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Figure 1 Clinical and inflammatory symptoms during dextran sulfate sodium-induced acute colitis assessed by changes in body weight (A), diarrhea
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d
P < 0.01, fP < 0.001 vs baseline. hP < 0.001 vs day 4. Scale bar = 100 µm.

significant reduction of lymphatic contraction fre
quency at day 4 in the popliteal afferent pre-nodal
lymphatic vessels (Figure 5B) in DSS-treated mice,
which further decreased at day 7, which correlated to
increased disease severity (Figure 1). In addition, there
were significantly decreased lymphatic contraction
frequencies at day 4 and 7 in the popliteal postnodal efferent lymphatic vessel of DSS-treated mice
as compared to the baseline data (Figure 5C). On
the other hand, both afferent and efferent lymphatic
contractility in control mice remained unchanged from
baseline to day 7.

WJG|www.wjgnet.com

DISCUSSION
The purpose of this study was to characterize changes
in lymphatic function and architecture in a chemicallyinduced murine model of colitis. We utilized in situ
lymphangiography and non-invasive NIRF imaging
techniques to investigate dermal lymphatic response
during gut inflammation. As DSS-induced colitis
progressed (Figure 1), we observed alterations in
mesenteric lymphatics (Figure 2), peripheral lymphatic
flow (Figure 3), and dermal lymphatic architecture
(Figure 4). Additionally, there was a gradual reduction
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in lymphatic contractility in the skin of DSS-treated
mice (Figure 5), suggesting that DSS-induced acute
colitis has a significant impact on both local and
systemic lymphatic function.
IBD, including UC and CD, is an autoimmune
disorder of unknown etiology that mainly involves the
[16]
intestines . Previous studies showed functional and
structural changes in the blood vasculature, such as
dilated and tortuous vessels with increased vascularity
and changes in intestinal blood flow, in patients with IBD
[17,18]
and chemically-induced murine models of colitis
.
In addition to vascular alterations, submucosal edema,
possibly due to impaired lymphatic function, has
previously been observed in intestinal lymphatics in
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[6-8]

IBD . Increased lymphangiogenesis has also been
observed in patients with and experimental models of
[6,19]
IBD
as observed in our study (Figure 1). Previous
data demonstrated that mice lacking angiopoietin-2,
which exhibit disorganized and hyperplastic lymphatic
vasculature, have exaggerated disease activity in the
DSS colitis model, indicating that the lymphatic system
[20]
plays an important role in IBD . Recent studies have
also demonstrated that vascular endothelial growth
factor receptor (VEGFR)-3 blockade caused inhibition
of disease resolution in animal models of colitis and
adenoviral induction of VEGF-C provided increased
protection against the development of DSS-induced
acute and chronic colitis as a result of increased
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[21,22]

lymphangiogenesis and lymph flow
, suggesting
that stimulation of functional lymphangiogenesis using
VEGF-C can provide a novel therapeutic strategy
for IBD. It is known that DSS causes damage to the
intestinal mucosal barrier, allowing permeability of
bacteria and other luminal antigens into the mucosa,
[23]
thus resulting in gut inflammation . The distal colon
is severely damaged with histopathological features
including loss of crypts, ulceration/erosion, and edema
as well as increased immune cell infiltration in the
[23]
DSS model . It has also been shown that the small
[24,25]
intestine was also damaged in response to DSS
.
Our in situ data after oral gavage of Bodipy-FL-C16
showed significantly fewer functional lymphatic
vessels were observed in the mesentery of mice with
DSS-induced acute colitis (Figure 2B), as detected
by fluorescence, when compared to control (Figure
2A), due to DSS-induced disruption of intestinal and
lymphatic integrity. A previous study also showed
fewer functional lymphatics in TNBS-treated mice
[5]
than sham animals . Bodipy-FL-C16, a fluorescentlylabeled 16-carbon chain fatty acid, has been used as
a lipid tracer to invasively study lymphatic architecture
[26-29]
and function in mesenteric lymphatics
. Previous
data has demonstrated that mice with DSS-induced
colitis had decreased food and water intake and
body fat content as well as a disturbance of lipid
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[30,31]

and energy metabolism as compared to control
.
Therefore, it is likely that normal fat absorption could
be impaired as well. Thus, our observed impaired
uptake of Bodipy-FL-C16 by mesenteric lymphatics
in mice with DSS-induced colitis may also be due
to metabolic alterations. A recent report showed
significantly increased lymph flow in the acute phase
of colitis (i.e., C57BL/6 mice treated with 2.5%
DSS for 7 d) as compared to control, by indirectly
measuring remaining blue dye in the colon 16 h after
[32]
an injection of the dye into the colonic mucosa . In
our study, we did not measure the extent of lymph
flow in the mesenteric lymphatic vessels. Therefore,
further studies are needed to assess whether fewer
mesenteric lymphatic vessels observed in our study
show an increase in lymph flow during DSS-induced
acute colitis. Since acute DSS-induced mucosal injury
is dependent on not only DSS concentration, but also
[23]
strain of mouse , it is possible that the extent of
acute injury due to different DSS concentrations and/
or mouse strain may affect uptake of a lipid tracer.
Although the association of EIMs with IBD has
been recognized, the pathologic mechanisms of EIMs
[33]
are largely unknown. Adams et al
proposed the
mechanism by which mucosal T cells are recruited
to the liver in response to abnormally expressed
endothelial-cell adhesion molecules and chemokines.
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Therefore, T cells are exposed to hepatic antigens, and
thus liver damage occurs. Aberrant homing of mucosal
T cells and excessive secretion of inflammatory
cytokines have also been suggested to be responsible
[33]
for skin and other EIMs of IBD . Inflammatory
cytokines, including TNF-α, have an important role
in the recruitment of immune cells to the sites of
[34]
tissue damage . TNF-α has been shown to play an
[34]
important role in the pathogenesis of IBD . Thus,
anti-TNF-α antibodies, such as infliximab, are used
to treat IBD as well as skin EIMs, such as erythema
nodosum. However, recent studies showed that antiTNF antibodies, which are also used for the treatment
of psoriasis, can cause psoriasiform skin lesions in
[35]
patients with IBD . It has been demonstrated that IL17A/IL-22-secreting Th17 cells and interferon (IFN)γ-secreting Th1 cells are responsible for these lesions
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and anti-IL-12/IL-23 antibody treatment is an effective
[35]
therapy for anti-TNF antibody-induced psoriasis
IL-23 is known to be one of the major players in the
[34]
pathogenesis of IBD . IL-23 is highly expressed
in pyoderma gangrenosum and treatment with a
monoclonal antibody ustekinumab (IL-12/23 IgG1)
[36]
resulted in clinical resolution of the lesions .
Studies have shown that DSS-treatment results
[37]
in extra-intestinal inflammation , thus stimulating
inflammation by inducing the secretion of cytokines
and inflammatory mediators that are transported to
[38]
the lymphatic and/or blood circulation . Elevated
levels of IL-6, IL-17, TNF-α, and keratinocyte-derived
chemokine (KC) have been observed in mice with
acute DSS-colitis; however, in chronic DSS colitis after
4 cycles of DSS (3%) for 7 d/cycle and 10 d of normal
drinking water in between each cycle, significantly
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elevated levels of IL-6, IFN-γ, IL-4, and IL-10 were
[38]
observed as compared to control mice . We found
significantly increased levels of both IL-6 (control vs
DSS, 12.37 ± 8.73 vs 34.77 ± 9.25 in arbitrary unit,
P = 0.035) and TNF-α (control vs DSS, 0.87 ± 0.61 vs
24.92 ± 5.71, P = 0.006) in skin of DSS-treated mice
compared to control mice. We have previously shown
that locally administered pro-inflammatory cytokines
such as TNF-α, IL-1β, and IL-6 inhibit systemic
[39]
lymphatic function .
Preclinical and clinical studies showed that NO
may be involved in GI inflammation and play a
[40]
pathologic role in IBD . NO has been implicated as
a mediator of tissue injury in the DSS-induced colitis
[40,41]
model
. Significantly increased NO production
from inducible NO synthase (iNOS) was observed
in the circulation and other systemic organs in mice
[40-43]
. We
with DSS-induced acute inflammation
observed a significant increase in serum NOx levels
in mice (19 ± 1.9 µmol/L) with DSS-induced colitis
as compared to control mice (12.8 ± 1.2 µmol/L, P <
0.05). However, it has also been reported that serum
NOx concentration was significantly increased in iNOS
-/knockout (iNOS ) mice over a 7 d DSS exposure as
-/compared to untreated iNOS mice, suggesting that
[44]
other NOS isoforms can also generate NOx . NO
has an inhibitory effect on lymphatic pump function
[29,45,46]
under physiological or pathological conditions
,
although lymphatic responses to NOS inhibition
using pharmacological agents differ depending on
[47-51]
[46]
experimental conditions
. Liao et al
showed
that under normal conditions endothelial NOS
(eNOS) produces NO in lymphatic endothelial cells
that maintains lymphatic contractions; however, at
the peak of oxazolone-induced skin inflammation on
day 4, increased NO production by iNOS expressing
+
+
CD11b Gr1 cells overwhelms the eNOS-produced NO
to inhibit lymphatic contractility. They also found that
-/iNOS mice with oxazolone-induced skin inflammation
did not change lymphatic contractility at 4 d after
[46]
inflammation . Therefore, NO, together with proinflammatory cytokines, may affect dermal lymphatic
vessel function in DSS-induced acute colitis.
Previous studies demonstrated that Balb/c mice
treated with DSS for 5-7 d developed acute colitis
as observed in our studies; however, Balb/c mice
completely recovered 4 weeks after DSS removal as
[52]
evidenced by histopathology and cytokine levels .
Our preliminary data in mice treated with 2% DSS
for 7 d, followed by 7 d of water, showed significantly
decreased lymphatic contractility 7 d after DSS
treatment as compared to baseline (Baseline vs Day
7, 4.2 ± 1.5 vs 1.6 ± 0.4, P < 0.001); however, we
observed recovery of lymphatic contractile function
in the popliteal afferent lymphatic vessels at day 14,
although it was not significantly different from that on
Day 7 (Day 7 vs Day 14, 1.6 ± 0.4 vs 2.6 ± 0.5, P =
0.154). Mice regained their body weight 7 d after DSS
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removal (changes in body weight; baseline vs day 7 vs
day 14, 100% vs 95% ± 1.5% vs 100.4% ± 1.3%),
indicating that the process of recovery of lymphatic
function from acute colitis was underway. Additional
work is required to determine whether chronic gut
inflammation or other chemically-induced acute models
of intestinal inflammation such as TNBS-, oxazolonemediated colitis, or genetically-modified models
of colitis, lead to systemically impaired lymphatic
function and/or architecture as assessed by NIRF
imaging, and to investigate the effects of dissimilar
cytokine/chemokine profiles that have been observed
[38]
in different animal models . Indeed, a previous
study demonstrated distinct cytokine profiles even
[38]
between acute and chronic DSS colitis . Therefore,
this information would provide additional insights in
understanding the complex nature of IBD and its EIMs
and how alterations to the lymphatics play a role in
the pathogenesis of this disease, thus leading toward
better disease management.
In conclusion, we have shown that acute inflam
mation induced by DSS in mice is associated with
changes of dermal lymphatic architecture and function.
The NIRF imaging technique employed in this study
can be used to image altered lymphatic function and
architecture in response to other types of systemic
diseases with cutaneous involvement and likely assess
lymphatic responses during therapy.
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Background

Inflammatory bowel disease (IBD) and extra-intestinal manifestations are
characterized by an influx of inflammatory cells which secrete pro-inflammatory
cytokines. The lymphatic system is an active and integral part of the immune
system as well as a mediator of fluid return to the blood vasculature. Recent
data suggests that the lymphatic system plays an important role in the
pathogenesis of IBD and extra-intestinal manifestations. However, it is unknown
whether gut inflammation systemically affects the lymphatics.

Research frontiers

Abnormal lymphatic function and architecture are implicated in a number of
pathological conditions including edema, obesity, and immune dysfunction.
Lymphatic biology has become a hot research topic and the use of nearinfrared fluorescence (NIRF) imaging to investigate the role of lymphatics in
vivo in health and disease allows the interrogation of lymphatic dysfunction in
animal and man.

Innovations and breakthroughs

This is the first study investigating dermal lymphatic function and anatomy in
mice with dextran sulfate sodium (DSS)-induced acute colitis. Current data
demonstrates that DSS-induced colitis systemically affects the lymphatics,
inducing dilation of lymphatic vessels and reducing lymphatic contractile
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function in peripheral skin tissues.

Applications

The authors’ observations have implications for the pathophysiology of extraintestinal manifestations in IBD. They demonstrate that DSS-induced colitis
is accompanied by impaired lymphatic function and drainage, both locally
and systemically. Noninvasive functional lymphatic imaging can provide
early diagnosis, risk stratification, and monitoring of lymphatic response to
intervention with the appropriate therapy.

Terminology

The lymphatics consist of two major types of vessels, the initial lymphatics and
the contractile, collecting lymphatics. The collecting lymphatic vessels have a
unique, dynamic contractile characteristic critical to lymph flow. The collecting
lymphatics have functional units, called lymphangions, which are spontaneous
contractile subunits bound by “secondary valves” which prevent backflow and
ensure unidirectional flow. Fluid accumulates in lymphangions before being
propelled to the next sequential lymphangion, which is generated by the
coordinated contractions of lymphatic vascular smooth muscle cells.
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Abstract
AIM: To investigate the cytoprotective effects in hepatic
ischemia-reperfusion injury, we developed a new
formulation of hyaluronic acid (HA) and sphingosine
1-phophate.
METHODS: We divided Sprague-Dawley rats into 4
groups: control, HA, sphingosine 1-phosphate (S1P),
and HA-S1P. After the administration of each agent,
we subjected the rat livers to total ischemia followed
by reperfusion. After reperfusion, we performed the
following investigations: alanine aminotransferase (ALT),
histological findings, TdT-mediated dUTP-biotin nick end
labeling (TUNEL) staining, and transmission electron
microscopy (TEM). We also investigated the expression
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of proteins associated with apoptosis, hepatoprotection,
and S1P accumulation.
RESULTS: S1P accumulated in the HA-S1P group
livers more than S1P group livers. Serum ALT levels,
TUNEL-positive hepatocytes, and expression of cleaved
caspase-3 expression, were significantly decreased
in the HA-S1P group. TEM revealed that the liver
sinusoidal endothelial cell (LSEC) lining was preserved
in the HA-S1P group. Moreover, the HA-S1P group
showed a greater increase in the HO-1 protein levels
compared to the S1P group.
CONCLUSION: Our results suggest that HA-S1P
exhibits cytoprotective effects in the liver through the
inhibition of LSEC apoptosis. HA-S1P is an effective
agent for hepatic ischemia/reperfusion injury.
Key words: Hyaluronic acid; Sphingosine 1-phosphate;
Liver sinusoidal endothelial cell; Drug delivery system;
Heme oxygenase-1; Stabilin-2
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We have developed a new formulation by
directly combining hyaluronic acid and sphingosine
1-phosphate (HA-S1P), which targets liver sinusoidal
endothelial cell (LSEC) by binding specifically to HA and
HA receptors. This study demonstrated that HA-S1P
protects the liver from hepatic ischemia/reperfusion (I/
R) injury in rats. The strong protective effect of HA-S1P
may be mediated by the anti-apoptotic effect of S1P on
LSECs. These data indicate that HA-S1P is an effective
agent for preventing hepatic I/R injury.
Sano N, Tamura T, Toriyabe N, Nowatari T, Nakayama K, Tanoi
T, Murata S, Sakurai Y, Hyodo M, Fukunaga K, Harashima H,
Ohkohchi N. New drug delivery system for liver sinusoidal
endothelial cells for ischemia-reperfusion injury. World J
Gastroenterol 2015; 21(45): 12778-12786 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12778.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12778

INTRODUCTION
Hepatic ischemia/reperfusion (I/R) injury is a major
[1]
problem in liver transplantation and liver resection . A
critical event during hepatic I/R injury is the death of
liver sinusoidal endothelial cells (LSECs), which occurs
within a few minutes of reperfusion and precedes
[2]
hepatocyte death by several hours . The apoptosis of
[3]
LSECs is a pivotal mechanism of hepatic I/R . Thus,
apoptosis plays an important role in hepatic I/R injury
[4]
and LSEC death and therefore LSECs are the primary
[5]
treatment target for hepatic I/R injury .
Sphingosine-1-phosphate (S1P) is a bioactive lipid
that regulates diverse cellular functions, including
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proliferation, differentiation, migration and survival
through interaction with different G protein-coupled
[6,7]
S1P receptors . S1P exhibits anti-apoptotic effects on
[8]
human LSECs and protects rat LSECs from ethanol[9]
induced apoptosis . In addition S1P also reduces
hepatic I/R-induced acute kidney injury through the
[10]
attenuation of endothelial injury in mice . However,
accumulating S1P (as a single-agent) on the LSECs
is difficult, as S1P receptors are widely expressed in
various different tissues, such as brain, heart, lung,
[11-13]
spleen, kidney, intestine, testis, and liver
.
In this study, we developed a new drug delivery
system (DDS) for targeting the LSEC by combining
S1P with HA, to make the formula HA-S1P. Circulating
HA in the blood is taken up through receptor[14]
mediated endocytosis into the LSECs
because
the HA receptors, namely Stabilin-2 (STAB2), are
highly and specifically expressed on LSECs. STAB2 is
a type Ⅰ transmembrane scavenger receptor that is
highly expressed in LSECs and is the major clearance
[15-19]
receptor for circulating HA
. We hypothesized
that HA-S1P would accumulate in LSECs of liver via
the STAB2 receptors. The aim of this study was to
investigate whether the newly developed HA-S1P
protects livers in the case of hepatic I/R injury.

MATERIALS AND METHODS
Materials

S1P was purchased from Sigma Chemical Company (St.
Louis, MO, United States) and HA [average molecular
weight (MW) 8 kDa] was purchased from Food
Chemifa (Tokyo, Japan).

Synthesis of HA-S1P

A mixture was made of 95.85 μl 1-ethyl-3- (3-dime
thylaminopropyl) carbodiimide hydrochloride (EDC)
(0.1 g/ml), 57.535 μl N-hydroxysuccinimide (NHS)
(0.1 g/ml), HA (2 mg/ml, average MW 8 kDa), and
water/DMF/CHCl3 (5/4/1). The mixture was stirred
well at 55 ℃ with the addition of 67.378 μl S1P (25
mg/ml), and the reaction was allowed to proceed for
24 h. Dialysis was performed to remove the S1P, EDC,
and NHS. Integrations of nuclear magnetic resonance
(NMR) were used to confirm the amount of S1P
introduced [comparison of peaks appeared at 1.2 ppm
(methylene group of S1P) and 2.0 ppm (acetyl group
of hyaluronic acid)]. Approximately 13.5%-40% of S1P
bound to the carboxylic acid of HA.

Animal model

Male Sprague-Dawley rats, weighing 200 to 250 g,
were obtained from CLEA Japan (CLEA Corporation,
Tokyo, Japan). Animal experiments were performed
in a humane manner after receiving approval from
the Institutional University Experiment Committee
of the University of Tsukuba, and in accordance with
the university’s Regulations for Animal Experiments
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Figure 1 Experimental groups. Total hepatic ischemia was established for 20 min by clamping the portal triad in the rat subjects. The rats were divided into 4
groups: (1) control group; (2) HA group; (3) S1P group; and (4) HA-S1P group. Each drug was injected via the tail vein 10 min before ischemia. HA: Hyaluronic acid;
S1P: Sphingosine 1-phosphate.

and Fundamental Guidelines for Proper Conduct of
Animal Experiment and Related Activities in Academic
Research Institutions, under the jurisdiction of the
Japanese Ministry of Education, Culture, Sports,
Science, and Technology.

Experimental groups

Total warm hepatic ischemia was induced in the rats
for 20 min by clamping the portal triad. The rats were
divided into 4 groups as follows: (1) methanol injection
group (control group; n = 15); (2) HA injection group
(HA group; n = 10); (3) single-agent S1P injection
group (S1P group; n = 11); and (4) HA-S1P injection
group (HA-S1P group; n = 10) (Figure 1). Methanol,
S1P, HA, or HA-S1P were injected intravenously via the
tail vein of the rats.

Surgical procedure

The rats were anesthetized with intraperitoneal
injections of sodium pentobarbital (50 mg/kg) and
maintained by machine-regulated isoflurane. The
rats were placed in a supine position on a heated
pad to maintain a rectal temperature of 37 ℃. After
transverse laparotomy, the ligaments around the
liver were dissected in order to clamp the portal triad.
Concurrently, the hepatoduodenal ligament was
taped in preparation for the subsequent clamping.
Hepatic ischemia was induced via clamping of the
portal triad, i.e., the hepatic artery, portal vein, and
bile duct, by means of a microclip (B. Braun Aesculap
Japan Co., Ltd, Tokyo, Japan) for 20 min. Surgical
procedures were performed under sterile conditions.
Blood samples were taken for the analysis of enzyme
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activities in serum before ischemia and at 30, 60,
and 120 min after reperfusion. At the end of the
experiments, liver tissue was obtained for histological
examination. Finally, the experimental animals were
euthanized by total blood collection via the abdominal
aorta. During the period from drug administration
until sacrificed, respiratory and circulatory dynamics of
rats was stable. Moreover, all of rats did not die in this
experiment.

Serum alanine transaminase levels

To assess damage to the hepatic parenchyma, serum
alanine transaminase (ALT) levels were measured
using a Dry-Chem 7000 V autoanalyzer (Fujifilm Co,
Tokyo, Japan). Blood samples were taken from the tail
vein before the induction of ischemia and up to 120
min after reperfusion.

Histological analysis

After 120 min of reperfusion, liver tissues were obtained
from each group, fixed with 10% formaldehyde, and
embedded in paraffin. Thin sections (4 μm) were
prepared and stained with hematoxylin-eosin (HE).
Tissue damage was evaluated in randomly selected
high-power fields (× 200).

Liver apoptosis

To detect apoptotic cells in liver tissue, a terminal
deoxynucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL) assay (In situ Apoptosis Detection Kit;
Takara Bio Inc., Otsu, Japan) was performed after 120
min of reperfusion. The ratio of TUNEL-positive/total
cells in the microscope field was calculated at × 400.
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U-test with Bonferroni correction. P values of < 0.05
were considered statistically significant.

350
Control (n = 15)

300

HA (n = 10)
S1P (n = 11)

ALT (U/L)

250

RESULTS

HA-S1P (n = 10)

Serum ALT levels

200
150

In the control, HA, and S1P groups, serum ALT (which
reflects the degree of hepatic parenchymal injury)
immediately increased after reperfusion. However, in
the HA-S1P group serum ALT levels were unchanged
up to 120 min (Figure 2).

a

100
50
0

e

0

c

30
60
Time after I/R (min)

Histological findings

120

Figure 2 Serum alanine aminotransferase levels. Serum ALT levels before
ischemia and after reperfusion. Kruskal Wallis H-test. aP < 0.05 vs HA group;
c
P < 0.05 vs control and the HA and S1P groups; eP < 0.05 vs control and S1P
groups. ALT: Alanine aminotransferase; HA: Hyaluronic acid; S1P: Sphingosine
1-phosphate; I/R: Ischemia/reperfusion.

Protein extraction and Western blot analysis

Liver tissues were kept at -80 ℃ and were homogenized
in a buffer consisting of 150 mmol/L NaCl, 50 mmol/L
TrisCl, 1% NP-40, and proteinase inhibitors. The
samples were centrifuged, and the supernatants
collected for analysis. The samples were separated
on 10% and 15% SDS-PAGE gels and transferred
to nitrocellulose membranes (Millipore, Bedford, MA,
United States). Anti-cleaved caspase-3 (9661), antiheme oxygenase 1 (HO-1) (5141) (Cell Signaling
Technology, Beverly, MA, United States) and antiS1P antibodies (140592) (Abcam Ltd., Cambridge,
United Kingdom) were used as primary antibodies.
A secondary goat anti-rabbit antibody conjugated to
horseradish peroxidase was purchased from Zymed
Laboratories (San Francisco, CA, United States).

To assess the LSECs after hepatic I/R, we investigated
the samples using transmission electron microscopy
(TEM). After 120 min of reperfusion, the livers were
resected. Tissue samples from the left hepatic lobe
3
were cut into 1 mm cubes and stored in 2.5%
glutaraldehyde. The specimens were postfixed with
osmium tetroxide, dehydrated in graded alcohol series
and embedded in Epon mixture. Ultrathin sections
were prepared using an Ultracut S microtome (Leica
Aktiengesellschaft, Vienna, Austria) and placed on
copper grids. Sections were treated using uranyl acetate
and lead citrate to enhance contrast. Specimens were
examined using a Hitachi H-7000 transmission electron
microscope (Hitachi Co., Tokyo, Japan).

In the control, HA, and S1P groups, TUNEL-positive
cells were observed after 120 min of reperfusion near
the portal vein. However, TUNEL-positive cells were not
observed in the HA-S1P group (Figure 3B). The ratio of
TUNEL-positive to total hepatocytes was significantly
lower in the HA-S1P group (Figure 3C). Western blot
analysis of the liver tissue is presented in Figure 4. The
expression of cleaved caspase-3 in the control, HA, and
S1P groups was extremely higher than that in the HAS1P group (Figure 4A). The expression of the HO-1 (a
cytoprotective enzyme against hepatic I/R injury) in the
HA-S1P group was higher than that in the control, HA,
and S1P groups (Figure 4B).

In the control and HA groups, S1P did not accumulate
in the liver. In the HA-S1P group, S1P accumulated
in the liver to a greater degree than it did in the S1P
group (Figure 4C).

Transmission electron microscopy

Deterioration of the sinusoidal endothelial lining was
observed and severe destruction of the perisinusoidal
space structures were observed in the control, HA, and
S1P groups (Figure 5). In the HA group vacuolation
induced by hypoxia was observed. However, the
structure of the endothelial lining in the HA-S1P group
was well preserved. Moreover, it was no obvious
mitochondrial disorders in the HA-S1P group.

DISCUSSION

All data are expressed as the mean ± SD. The MannWhitney U-test and Kruskal-Wallis H-test were used
for statistical analysis, followed by the Mann-Whitney
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Liver apoptosis and western blot analysis

Drug delivery system

Transmission electron microscopy

Statistical analysis

The light microscopy findings from the liver tissue,
stained with HE, are shown in Figure 3A. In the control,
HA and S1P groups, vacuolation of the hepatocytes
and sinusoidal narrowing were observed after 120
min of reperfusion. These findings were more severely
localized near the portal vein. On the other hand, no
histological alteration was observed in the HA-S1P
group.

LSECs play important functional roles in hepatic I/R
[20,21]
injury, being particularly vulnerable to it
. S1P has
[8,9]
an anti-apoptotic effect on LSECs , but S1P receptors
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Figure 3 Histological findings. A: HE staining In the control (a), HA (b), and S1P group (c) histologic examination revealed vacuolation of the hepatocytes and loss
of palisade arrangement after 120 min of reperfusion. These findings were not observed in the HA-S1P group (d). (hematoxylin-eosin stain, magnification × 200); B:
TUNEL (TdT-mediated dUTP-biotin nick end labeling) assay of the liver tissue and (C) the ratio of TUNEL-positive/total hepatocytes In the control (a), HA (b), and S1P
groups (c), TUNEL-positive cells were observed in zone 1 after 120 min of reperfusion. These findings were not observed in the HA-S1P group (d). bP < 0.01 vs the
control, HA, and S1P groups. HA: Hyaluronic acid; S1P: Sphingosine 1-phosphate.
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Figure 4 Western blot analysis of cleaved caspase-3 (A), heme oxygenase-1
(B) and sphingosine 1-phosphate (C) in liver tissues. The expression of
cleaved caspase-3 in the control, HA, and S1P groups, was higher than that in
the HA-S1P group. The expression of HO-1 in the HA-S1P group was higher
than that in the control, HA, and S1P group. The expression of S1P in the HAS1P group was higher than in the control, HA, or S1P groups. HO-1: Heme
oxygenase 1; HA: Hyaluronic acid; S1P: Sphingosine 1-phosphate.
[11-13]

are widely expressed in many organs
. Thus, it is
difficult to deliver agents specifically to LSECs through
a single-agent administration of S1P. However, HA
receptors of STAB2 are specifically expressed on
[15-19]
LSECs
. We have developed a new formulation of
HA-S1P that targets LSECs by binding specifically to
HA and HA receptors. This study demonstrates that
HA-S1P protects the liver from hepatic I/R injury in
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rats and that the strong protective effect of HA-S1P
may be mediated by the antiapoptotic effect of S1P
on LSECs. Therefore, the results of this study strongly
suggest that HA-S1P could be a useful agent for
suppressing hepatic I/R injury.
In hepatic I/R injury, LSECs are injured and become
apoptotic soon after reperfusion and this phenomenon
[22]
occurs much earlier than it does in hepatocytes .
In addition, LSECs have important functional roles
[23]
throughout hepatic injury in acute hepatitis
and
[24]
hepatectomy . In general, LSECs are known to
be a septum between blood and hepatocytes and
are involved in the stabilization of hepatocytes. In
previously research we determined that LSEC injury
[25]
results in microcirculatory blood flow disturbances . In
I/R injury, hepatocytes become seriously impaired after
disorder of the LSECs, which subsequently induces liver
[26]
dysfunction . As such, LSECs are primary therapeutic
[26]
targets of hepatic I/R injury . In the present study
we performed total hepatic I/R injury in rats and we
found that serum alanine aminotransferase levels were
also significantly relieved by HA-S1P administration.
TEM findings supported our hypothesis that HA-S1P
has a positive effect on LSEC injury. After HA-S1P
administration there were no observations of apoptotic
cells in the liver tissue thus preventing hepatic I/R
injury. These results indicate that HA-S1P administration
inhibits the deterioration of the LSEC lining structure
and that this phenomenon leads to the suppression of
hepatic injury.
S1P is a lipid mediator contained in platelets and
is reported to regulate a broad variety of cellular
processes, such as cell proliferation, apoptosis, calcium
[27,28]
homeostasis, vascular maturation, or angiogenesis
.
S1P is excreted in large amounts from activated
[29]
[9]
platelets . Zheng et al reported that S1P protects
LSECs from ethanol-induced injury through inhibition
of apoptosis and we have previously reported that
S1P prevents the apoptosis of LSECs by inhibiting
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Figure 5 Transmission electron microscopic findings after 120 min of hepatic ischemia/reperfusion. In the control (A), HA (B), and S1P groups (C), the
sinusoidal endothelial linings were destroyed and detached into the sinusoidal space. In contrast, in the HA-S1P group (D), the sinusoidal endothelial cells were well
preserved. HA: Hyaluronic acid; S1P: Sphingosine 1-phosphate; LSEC: Liver sinusoidal endothelial cell.
[8]

the cleavage of caspase-3 . From these reports, we
hypothesized that S1P is the most effective agent
for inhibiting hepatic I/R injury, because apoptosis of
LSEC is the primary mechanism underlying hepatic
[30,31]
I/R injury
. S1P acts directly either on intracellular
[32]
targets or activates G protein-coupled receptors . Five
[33]
S1P receptors have been identified, namely S1PR1-5 .
S1PR1-3 are widely expressed in various tissues
(including liver), whereas the expression of S1PR4 and
S1PR5 are confined to lymphoid/hematopoietic tissue
[33]
and to the central nervous system, respectively .
Recent investigations revealed that LSECs possess
unique HA receptors of STAB2 that recognize and
[34]
internalize HA . We tried to utilize this feature of
LSECs in the development of a novel DDS to achieve
[35]
the accumulation of S1P . Exogenous HA has been
reported to rapidly integrate into the liver after in vivo
[15,17]
administration
. HA has been widely used as a
[36]
targeted delivery material for LSECs . However, up
to now, there has been no specific research focused on
LSECs that has lead to the treatment of liver disease.
To this end we developed HA-S1P formulation that is
prepared by direct combination of HA and S1P. In the
present study, we revealed that HA-S1P selectively
accumulates in the liver to a greater extent than dose
a single-agent administration of S1P.
HO-1 is widely expressed among the different liver
cell populations, including LSECs, hepatocytes, Kupffer
[37]
cells and hepatic stellate cells . The cytoprotective
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effects of HO-1 have been shown to ameliorate hepatic
[38]
I/R injury in various experimental models . We have
previously demonstrated that HO-1 overexpression
exerts cytoprotective effects and improves hepatic I/R
[39]
injury . HO-1, also known as heat shock protein 32,
is an inducible enzyme that converts heme into carbon
[40]
monoxide (CO), billiverdin and free iron . Moreover,
induction of CO in the hepatic sinusoids before hepatic
[39]
I/R may have prominent effects . In the present
study, we found that HA-S1P resulted in greater
expression of HO-1 than single-agent administration
of S1P. Consequently, these data suggest that by
inducing HO-1 to maintain normal cellular function HAS1P protects LSECs from hepatic I/R injury.
In conclusion, we have succeeded in specific delivery
of S1P to LSECs for the first time by using HA as a
carrier. Furthermore, HA-S1P exhibits a cytoprotective
effect on the liver through the inhibition of LSEC
apoptosis. HA-S1P attenuates hepatic I/R injury
by protecting LSECs, which represent the primary
therapeutic targets for treating hepatic I/R injury.
Thus, HA-S1P is a promising new agent for hepatic I/R
injury. Further investigations are needed to support
our results and elucidate the molecular mechanisms.
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Abstract
AIM: To evaluate the inflammasome activation and the
effect of peroxisome proliferator-activated receptors
(PPAR)-δ agonist treatment in nonalcoholic fatty liver
disease (NAFLD) models.
METHODS: Male C57BL/6J mice were classified
according to control or high fat diet (HFD) with or
without PPAR-δ agonist (GW) over period of 12 wk
[control, HFD, HFD + lipopolysaccharide (LPS), HFD +
LPS + GW group]. HepG2 cells were exposed to palmitic
acid (PA) and/or LPS in the absence or presence of GW.
RESULTS: HFD caused glucose intolerance and hepatic
steatosis. In mice fed an HFD with LPS, caspase-1
and interleukin (IL)-1β in the liver were significantly
increased. Treatment with GW ameliorated the steatosis
and inhibited overexpression of pro-inflammatory cyto
kines. In HepG2 cells, PA and LPS treatment markedly
increased mRNA of several nucleotide-binding and
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oligomerization domain-like receptor family members
(NLRP3, NLRP6, and NLRP10), caspase-1 and IL-1β.
PA and LPS also exaggerated reactive oxygen species
production. All of the above effects of PA and LPS were
reduced by GW. GW also enhanced the phosphorylation
of AMPK-α.
CONCLUSION: PPAR-δ agonist reduces fatty acidinduced inflammation and steatosis by suppressing
inflammasome activation. Targeting the inflammasome
by the PPAR-δ agonist may have therapeutic implication
for NAFLD.
Key words: Nonalcoholic fatty liver disease; Nonalcoholic
steatohepatitis; Inflammasome; Nucleotide-binding
and oligomerization domain-like receptor; Peroxisome
proliferator-activated receptors delta
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Until now, the underlying mechanisms of
disease progression and therapeutic targets were
uncertain in nonalcoholic fatty liver disease (NAFLD).
Our study were to evaluate the inflammasome activation
and the effect of peroxisome proliferator-activated
receptors (PPAR)-δ agonist treatment in NAFLD models.
In our NAFLD models, mRNA of several NOD-like
receptor family members, caspase-1 and interleukin1β were markedly increased. All of those effects were
reduced by PPAR-δ agonist treatment. It also ame
liorated the steatosis and inhibited overexpression of
pro-inflammatory cytokines. In conclusion, PPAR- δ
agonist reduces fatty acid-induced inflammation and
steatosis by suppressing inflammasome activation.
Lee HJ, Yeon JE, Ko EJ, Yoon EL, Suh SJ, Kang K, Kim HR,
Kang SH, Yoo YJ, Je J, Lee BJ, Kim JH, Seo YS, Yim HJ, Byun
KS. Peroxisome proliferator-activated receptor-delta agonist
ameliorated inflammasome activation in nonalcoholic fatty
liver disease. World J Gastroenterol 2015; 21(45): 12787-12799
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i45/12787.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i45.12787

MATERIALS AND METHODS

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of the
most common liver diseases, occurring in 10%-35% of
the general population, and its prevalence has increased
in parallel with the worldwide epidemic of obesity and
[1,2]
its related insulin-resistant state . The spectrum of
NAFLD ranges from simple steatosis to nonalcoholic
steatohepatitis (NASH) and fibrosis. Certain portion
of NAFLD eventually progressed to liver cirrhosis and
[1,3]
hepatocellular carcinoma . Recently, the two-hit
[4]
hypothesis was been reported in the literature , but the
precise mechanism involved in the development and
progression of NAFLD is not entirely understood.
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[5,6]

Regarding the pathogenesis of NAFLD , stea
tosis sensitizes the liver and makes it susceptible to
additional insults. Factors such as increased oxidative
stress, pro-inflammatory cytokines and impaired
[7,8]
adenosine triphosphate (ATP) production
could
trigger necroinflammation and lead to the progression
of steatohepatitis. Although many kind of drugs such as
thiazolidinediones, vitamin E, losartan, and silybin have
been evaluated in several studies, few pharmacological
[9-11]
treatments can be recommended at present
.
Inflammasome is a large, intracellular multiprotein complex that is a sensor of the exogenous
and endogenous danger signals, such as pathogenassociated molecular patterns (PAMPs) and damageassociated molecular patterns (DAMPs), that promotes
the cleavage and maturation of pro-inflammatory
cytokines such as pro-interleukin (IL)-1β and pro[12,13]
. Most DAMPs induce the production of
IL-18
reactive oxygen species (ROS), which results in nu
cleotide-binding and oligomerization domain (NOD)like receptor family pyrin domain-containing 3 (NLRP3)
[14]
inflammasome activation . The NLRP3 inflammasome
is known to be related to the pathogenesis of obesity,
[15-18]
insulin resistance, and development of diabetes
.
But, the role of inflammasome in the pathogenesis of
NAFLD/NASH has not been elucidated.
Peroxisome proliferator-activated receptors (PPARs)
are a group of nuclear receptor proteins, and three
types have been identified in mammals: PPAR-α,
PPAR-γ, and PPAR-δ. Pharmacological targets of PPAR-α
and PPAR-γ are relatively well-known in the treatment
[19]
of dyslipidemia and diabetes . It has become
increasingly apparent that PPAR-δ also play important
roles in the regulation of metabolism, as its activation
increases fatty acid (FA) oxidation, ameliorates glucose
homeostasis, and attenuates macrophage inflam
[19,20]
matory responses
. In the mouse model of NASH,
PPAR-δ improves hepatic steatosis and inflammation
by regulation of lipid metabolism and inhibition of
[21]
inflammatory response .
In this study, we determined whether treatment
with the PPAR-δ agonist could ameliorate high fatinduced inflammasome activation and the inflammatory
response using in vivo and in vitro NAFLD models.

Materials

PPAR-δ agonist, GW501516 (GW), was obtained from
Enzo Life Sciences (Farmingdale, NY, United States).
Lipopolysaccharide (LPS) (Escherichia coli 0111:B4)
and palmitic acid (PA) were purchased from SigmaAldrich (St Louis, MO, United States). Solutions and
reagents used for cell culture were obtained from
Invitrogen (Carlsbad, CA, United States) unless
otherwise noted. Antibodies were purchased from Cell
Signaling Technology Inc. (Beverly, MA, United States).

Animals and experimental design

The animal protocol was designed to minimize pain or
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Table 1 Sequence of primers employed for quantitative real-time polymerase chain reaction
mRNA
Mouse
Caspase-1
IL-1β
GAPDH
Human
NLRP1
NLRP3
NLRP6
NLRP10
NLRC4
Caspase-1
IL-1β
GAPDH

Forward (5'-, -3')

Reverse (5'-, -3')

CACAGCTCTGGAGATGGTGA
GCTGCTTCCAAACCTTTGAC
CAGCCTCAAGATCATCAGCA

GGTCCCACATATTCCCTCC
AGCTTCTCCACAGCCACAAT
GTCTTCTGGGTGGCAGTGAT

TCTCAAGGGGACCTGCATAC
AAGGAAGTGGACTGCGAGA
TTCATCACCAGCGTTCTGAG
GGATGAGAAGCAAGCTGACC
GCAAGGCTCTGACCAAGTTC
CCACAATGGGCTCTGTTTTT
GGACAAGCTGAGGAAGATGC
CAGCCTCAAGATCATCAGCA

AGCCAGCTACAGGGAAGTGA
AACGTTCGTCCTTCCTTCCT
GTTGCTCCAGTTCCTTCTCG
CTTTGCCTCTCTCCATCTGC
TGTCTGCTTCCTGATTGTGC
CATCTGGCTGCTCAAATGAA
TCGTTATCCCATGTGTCGAA
GTCTTCTGGGTGGCAGTGAT

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

discomfort to the animals. Male 4-5-wk-old C57BL/6J
mice were obtained from Japan SLC Inc. (Shizuoka,
Japan). They were acclimatized to laboratory conditions
(22-24 ℃ and 37%-64% humidity, with a 12-h darklight cycle, free access to food and water) for one
week prior to experimentation. Reflecting endotoxemia
in NAFLD, we were decided to inject non-lethal very
low dosage of LPS. Mice were randomly divided into
four groups, which were treated for 12 wk as follows:
standard diet (control, n = 5); HFD (HFD, 60% kcal
from fat; D12492, Research Diets; New Brunswick, NJ,
United States, n = 5); HFD plus one daily oral gavage
of vehicle (0.5% carboxymethyl cellulose solution)
with one weekly intraperitoneal (IP) injection of LPS (1
mg/kg per week) (HFD + LPS, n = 5); and HFD plus
one daily oral dose of 3 mg/kg per day of GW501516,
which was dissolved in the vehicle, with IP injection of
LPS (HFD + LPS + GW, n = 6). Vehicle and GW501516
were administered for the last 3 wk. Body weight and
food intake were recorded weekly. Body length (from
nose to anus) was measured before sacrifice. Body
mass index (BMI) was calculated by dividing body
2 [22]
weight by the square of the body length (g/cm ) .
The study was reviewed and approved by the
Institutional Review Board of Korea University and it
was approved by the institutional animal review board
of Korea University, Seoul, Korea, KUIACUC-2013-66
and conducted in compliance with the Guide for the
Care and Use of Laboratory Animals.

Glucose tolerance test

The glucose tolerance test was conducted in all animals
at 11 wk after dietary manipulation. After overnight
fasting, 2 g/kg glucose was injected intraperitoneally,
and blood samples were taken from the tail vein at
0, 15, 30, 60, 90, and 120 min. Blood glucose was
measured using an Accu-Check Compact kit (Roche
Diagnostics GmbH; Mannheim, Germany).

Blood biochemistry

At 12 wk, the mice were intraperitoneally anesthetized
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with a mixture of tiletamine/zolazepam (30 mg/kg,
Zoletil; Yuhan Corp.; Seoul, Korea) and xylazine (10
mg/kg, Rompun; Bayer, Inc.; Frankfurt, Germany),
and sacrificed by exsanguination. Blood samples were
extracted and the serum was isolated. The livers
were rapidly excised and weighed. Serum alanine
transaminase (ALT), aspartate transaminase (AST),
triglyceride (TG), and total cholesterol (TC) levels were
measured using common biochemical kits (Mindray
Medical International Ltd.; Shenzhen, China).

Liver histological analysis

The right liver lobe was stored at -80 ℃ until ana
lysis of mRNA and protein. The left liver lobe was
immediately fixed in 10% neutral-buffered formalin,
paraffin-embedded, sectioned, and sections were
stained with hematoxylin and eosin (HE). To visualize
the neutral lipids, some of the frozen sections of
fresh liver were stained using Oil Red O reagent. The
liver samples were examined histologically in a blind
manner by an experienced pathologist using the
[23]
histological scoring system for NAFLD .

Cell culture and treatment

The human hepatoma HepG2 cell line (ATCC; Manassas,
VA, United States) cells were cultured as manufacture’
s instruction. In all experiments, PA concentration of
0.2 mmol/L which had no influence on cell viability
was selected. The cells were stimulated with PA-BSA
(0.2 μmol/L), LPS (1 μg/mL), or both, with or without
GW501516 (1 or 10 μmol/L).

RNA preparation and analysis

Total RNA was extracted from mouse liver tissues
and HepG2 cells with TRIzol reagent according to
the manufacturer’s instructions. RNA was reversetranscribed into cDNA using the High Capacity cDNA
Reverse Transcription kit (Applied Biosystems; Foster
City, CA, United States). Gene expressions of NLRP1,
NLRP3, NLRP6, NLRP10, NLRC4, caspase-1, and IL1β were quantified by real-time polymerase chain
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Table 2 Clinical and biochemical characteristics

Food/wk (g)
BW (g)
BMI (g/cm2)
Liver/BW (%)
Liver/BL (g/cm)
AST (IU/L)
ALT (IU/L)
TG (mg/dL)
TC (mg/dL)

Control

HFD

HFD + LPS

(n = 5)

(n = 5)

(n = 5)

20.78 ± 1.41
26.70 ± 0.69
0.33 ± 0.02
3.50 ± 0.30
0.10 ± 0.01
52.6 ± 10.33
23.4 ± 4.04
97.8 ± 19.33
86.6 ± 10.92

17.33 ± 0.82a
41.04 ± 4.69a
0.41 ± 0.04a
3.04 ± 0.46
0.13 ± 0.03
123.8 ± 30.54a
136.6 ± 69.43a
69.6 ± 21.55
118.4 ± 37.16

14.08 ± 1.28a,c
30.98 ± 3.86c
0.36 ± 0.02c
2.77 ± 0.27
0.09 ± 0.01
62.0 ± 13.71c
49.6 ± 31.09c
65.2 ± 13.16
116.0 ± 9.43

HFD + LPS + GW
(n = 6)
13.92 ± 1.23a,c
29.87 ± 3.31c
0.35 ± 0.02c
3.08 ± 0.94
0.10 ± 0.03
45.67 ± 11.11c
20.5 ± 6.12c
79.2 ± 23.82
135.3 ± 34.09a

Data are presented as mean ± SD. P values are presented as: aP < 0.05 vs control; cP < 0.05 vs HFD. BW: Body weight; BMI: Body mass index; BL: Body
length; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TG: Triglyceride; TC: Total cholesterol; HFD: High fat diet.

reaction (PCR) with a 7000 Real-time PCR system
(Applied Biosystems). PCR reactions were prepared
with the Power SYBR Green PCR Master mix (Applied
Biosystems) in 20 μL. The cycling parameters were 10
min at 95 ℃ followed by 40 cycles of 95 ℃ (15 s) and
30 s at 60 ℃, followed by melting curve analysis. Gene
expression by real-time PCR was presented relative to
glyceraldehyde 3-phosphate dehydrogenase. The PCR
primers used are listed in the Table 1.

Statistical analysis

Western blot analysis

Mouse liver tissues and HepG2 cell were lysed using
M-PER Mammalian Protein Extraction Reagent (Pierce
Chemical; Rockford, IL, United States). The protein
concentration was determined using the bicinchoninic
acid (BCA) method. Equal amounts (20 μg) of total
proteins were boiled for 5 min and subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), followed by electrotransfer to poly
vinylidene difluoride (PVDF) membranes. The mem
branes were blocked with 5% BSA in Tris-buffered
saline (TBS) for 1 h at room temperature, followed by
incubation with antibodies: anti-capase-1 (D7F10),
anti-IL-1β (3A6), anti-p-AMPK-α (Thr172;40H9), antiAMPK-α (23A3), and anti-β-actin (AC-15). The bands
were visualized with an enhanced chemiluminescent
direct labeling (ECL) system. The Gel Pro Analyzer 4.5,
2000 software (Media Cybernetics; Silver Spring, MD,
United States) was used to determine the band density.

Measurement of lipid peroxidation in the liver and
intracellular ROS production

Liver was perfused with saline and homogenized in TrisHCl buffer (20 mmol/L, pH 7.4). The homogenates
were centrifuged at 2500 × g for 10 min at 4 ℃. Two
hundred microliters of homogenates was analyzed for
malondialdehyde (MDA) levels using a kit (Cell Biolabs,
Inc.; San Diego, CA, United States), and the value was
read at 532 nm.
Intracellular ROS levels in HepG2 cells were de
termined using 2′,7′-dichlorodihydrofluorescein
diacetate (DCFDA). Cells were seeded on a 96-well
bottom dishes. After the treatment described above in
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Cell culture and treatment, the cells were collected, and
incubated with 10 μmol/L DCFDA (Molecular Probes; CA,
United States) for 30 min at 37 ℃. DCFDA fluorescence
intensity was measured at 530 nm with an excitation
wavelength of 488 nm using flow cytometry (Becton
Dickinson; Heidelberg, Germany). The percentage of
ROS-producing cells was determined by counting only
those cells that produced high levels of ROS.

Data are presented as mean ± SD. Statistical sign
ificance was determined with one-way analysis of
variance (ANOVA) followed by Tukey’s test for multiple
comparisons using the GraphPad Instant program
(GraphPad Software version 5.00; GraphPad Software
Inc.; San Diego, CA). P < 0.05 was considered statis
tically significant. The statistical methods of this study
were reviewed by a biomedical statistician.

RESULTS
Effects of HFD and GW501516 on body weight, blood
glucose, and hepatic function in mice fed the HFD

The body weight and BMI of the HFD group were
significantly higher compared with those of control mice
(all P < 0.05) (Table 2). The food intake was greater in
the HFD group compared with the HFD + LPS and HFD +
LPS + GW501516 groups. The proportion of liver weight
to body weight or body length was similar among the
four groups. Serum AST and ALT levels were significantly
increased in the HFD group compared with the control
group (AST, 123.8 ± 30.54 IU/L vs 52.6 ± 10.33 IU/L;
ALT, 136.6 ± 69.43 IU/L vs 23.4 ± 4.04 IU/L, all P < 0.05).
GW treatment in HFD+LPS group significantly reduced
serum AST and ALT compared with HFD (AST, 45.67 ±
11.11 IU/L vs 123.8 ± 30.54 IU/L; ALT, 20.5 ± 6.12 IU/L
vs 136.6 ± 69.43 IU/L, all P < 0.05). HFD and/or LPS
injection had no significant effect on TG or TC levels.
When subjected to a glucose tolerance test, glucose
levels of control mice peaked at 30 min and returned to
the basal level (Figure 1A). As expected, mice fed the
HFD with or without LPS infection were more glucoseintolerant compared with controls, as demonstrated
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Figure 1 Effects of high-fat diet for 12 wk on glucose tolerance in male mice treated with GW501516 (GW, 3 mg/kg per day for 3 wk). Intraperitoneal glucose
tolerance test (A) and area under the curve for glucose (AUCglucose) (B) showed glucose intolerance in mice fed the HFD with or without lipopolysaccharide (LPS)
injection compared with the control group. GW treatment did not improve glucose intolerance. Data are expressed as the mean ± SD (5-6 mice per group). bP < 0.01
vs control group.
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Figure 2 Effects of GW501516 on caspase-1 and IL-1β levels in mice fed a high fat diet. Hepatic mRNA levels of caspase-1 (A) and IL-1β (B) at 12 wk showed
a significant increase in the HFD + lipopolysaccharide (LPS) group compared with the control group. GW501516 treatment tended to ameliorate this increase.
Representative immunoblot and graphic presentation show hepatic protein levels of IL-1β (C) in different groups of mice as indicated. Mice fed an HFD with LPS
injection with or without GW501516 treatment had increased protein levels of IL-1β. Data are expressed as the mean ± SD (5-6 mice per group). aP < 0.05, bP < 0.01,
and dP < 0.001 vs control group.

by the significant increase in the area under the curve
(AUC) (53108 ± 9750 mg/dL and 52653 ± 9425 mg/
dL vs 34545 ± 2776 mg/dL × 120 min, all P < 0.01)
(Figure 1B). However, this glucose intolerance was not
abolished by GW501516 treatment.

Effects of GW501516 on IL-1β levels and inflammasome
activation in mice and HepG2 cells

In addition to steatosis, chronic inflammation is an
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[5]

important contributing factor in NASH pathogenesis .
To investigate the inflammatory response in this model,
we measured hepatic caspase-1 and IL-1β levels. The
gene expression level of caspase-1, which is known to
be activated by the NLRP3 inflammasome complex and
to cleave pro-IL-1β to the active form, was increased
in the HFD + LPS group relative to the control group (P
< 0.01) (Figure 2A). The hepatic gene expression and
protein levels of IL-1β were also increased in the HFD
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Figure 3 Expression of inflammasome components in HepG2 cells after stimulation with palmitic acid and lipopolysaccharide. Relative mRNA levels of
NLRP1, NLRP3, NLRC4, NLRP6, and NLRP10 in HepG2 cells were analyzed by RT-PCR. Compared with the control group, significantly increased expression of
NLPR3, NLRP6, and NLRP10 was observed in the PA and LPS stimulation group. Data are expressed as the mean ± SD. aP < 0.05 vs control cells.

+ LPS group relative to the control group (P < 0.05
for mRNA expression and P < 0.001 for protein-level
expression) (Figure 2B and C). When compared with
HFD+LPS, PPAR-delta agonist GW treatment reduced
hepatic caspase-1 mRNA (2.8-fold vs 1.7-fold) and IL1β mRNA (2.2-fold vs 1.6-fold).
We also investigated the effect of PPAR-δ activator
on inflammasome induced by PA and LPS in HepG2
cells. First of all, we analyzed the PPAR-δ protein
expression itself in various stimuli. In vitro exposure
with- or without stimuli such as LPS only, PA only
or GW only, or combined with it, PPAR-delta protein
expressions were not different. After then, we
analyzed the expression of several inflammasomerelated mRNAs upon activation with PA and/or LPS.
PA and LPS together elicited the mRNA expression of
NLRP3, NRLP6, and NLRP10 (all P < 0.05) (Figure 3).
We next tested whether GW501516 could prevent the
overexpression of such inflammasome components and
the downstream pro-inflammatory signals. As shown
in Figure 4, treatment with 10 μmol/L GW501516
reduced the PA and LPS-induced mRNA expression of
NLRP3, NRLP6, and NLRP10 (all P < 0.05). GW501516
also reduced the expression of caspase-1 and IL1β mRNA in a dose-dependent manner (all P <
0.05) (Figure 4D and E). In concordance with mRNA
expression, the presence of GW501516 reduced the
PA and LPS-induced production of caspase-1 and IL-1β
protein expression (Figure 4F).

Effects of GW501516 on hepatic steatosis in mice fed
the HFD

Histological images of liver pathology were obtained.
Liver sections were stained with HE and Oil Red O. In
mice fed the standard diet, there was no detectable
fatty change in the microscopic image. By contrast,
relative to the control group, mice on a 12-wk HFD
with or without LPS injection developed extensive
macrovesicular steatosis (0.0 vs 17.0% ± 5.7% and
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16.4% ± 14.7%, all P < 0.05) and inflammation
around the perisinusoidal area. Ballooned hepatocytes
and fibrosis were not observed in any study group. In
mice that were administrated GW501516, the intensity
of fat accumulation (2.7% ± 2.6%) and NAS (0.5)
were significantly decreased (P < 0.05) compared to
those of the HFD + LPS group (16.4% ± 14.7% and
1.8%, respectively) (Figure 5A, B and C).

Effects of GW501516 on phosphorylation of AMPKα and
ROS generation in mice and HepG2 cells

Oxidative stress is thought to play a role in the
pathogenesis of NASH, and ROS are essential for
[7,14]
inflammasome activation
. A large body of evidence
indicates that AMP-activated protein kinase (AMPK) is
[21]
an essential regulator of fatty acid metabolism , and
suppresses ROS generation by regulating intracellular
nicotinamide adenine dinucleotide phosphate (NADPH)
[18,24]
production
. In the in vivo study, levels of MDA,
a product of lipid peroxidation, in liver homogenates,
there was no statistically significant difference in four
groups (Figure 6A). We also examined the effect of
GW501516 on AMPK activation. As the activity of
AMPK correlates with phosphorylation at Thr-172,
the activation of AMPK was assessed by determining
phosphorylation of AMPKα. As shown in Figure 6B,
treatment with GW501516 increased the levels of
AMPKα phosphorylation in mice fed the HFD with LPS
injection by 1.6-fold compared to the control group.
In the in vitro study, the effect of GW501516 on
PA and LPS-induced ROS production was investigated
using DCFDA to detect cellular ROS levels. As
illustrated in Figure 7A, incubating HepG2 cells with
LPS and LPS + PA induced a significant increase in
the cellular ROS level at 16 h (all P < 0.05 vs control
group). Treatment with GW501516 (1 μmol/L and
10 μmol/L) attenuated the ROS generation in the
PA- and LPS-stimulated HepG2 cells (all P < 0.05
vs PA + LPS group). In addition, we assessed AMPK
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Figure 4 Effects of GW501516 on palmitic acid- and lipopolysaccharide-induced inflammasome and pro-inflammatory cytokine in HepG2 cells. Relative
mRNA levels of NLRP3 (A), NLRP6 (B), NLRP10 (C), caspase-1 (D), and IL-1β (E) in HepG2 cells were analyzed by RT-PCR. GW501516 inhibited PA- and LPSinduced mRNA expression of several inflammasome components, caspase-1, and IL-1β. Representative immunoblot and graphic presentation show protein levels
of caspase-1 and IL-1β (F) in HepG2 cells. PA and LPS tended to elicit caspase-1 and IL-1β release, and GW501516 reduced this processing significantly. Data are
expressed as the mean ± SD. aP < 0.05 vs control cells, cP < 0.05 and bP < 0.01 vs PA + LPS-treated cells.
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Hematoxylin and eosin (HE) staining and Oil Red O staining of hepatic lipid accumulation (magnification × 100). In mice fed an HFD, moderate macrovesicular
steatosis (17.0%) and inflammatory cell infiltration were observed compared with the control group. The macrovesicular steatosis was improved to 2.7% following
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Figure 6 Effects of GW501516 on lipid peroxidation and associated molecular pattern-activated protein kinase-α phosphorylation in mice fed a high fat
diet. Liver malondialdehyde (MDA) levels (A) showed a slight increase in the HFD + lipopolysaccharide (LPS) group without statistical significance; B: Representative
immunoblot and graphic presentation of p-AMPK-α and total AMPK-α protein levels in the livers of mice are shown. Treatment of GW501516 enhanced
phosphorylation of AMPK-α in mice fed an HFD with LPS injection. Data are expressed as the mean ± SD (5-6 mice per group).

activation with PA and LPS. PA or LPS alone had little
effect on phosphorylation of the AMPKα subunit.
However, adding GW501516 (1 μmol/L and 10 μmol/L)
substantially increased phosphorylation of the AMPKα
subunit in HepG2 cells (2.3- and 2.2-fold vs control
group) (Figure 7B). These in vivo and in vitro results
demonstrated that GW501516 could suppress hepatic
oxidative stress and enhance phosphorylation of the
AMPKα under high fat conditions.
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DISCUSSION
Although inflammasome is known to have an im
portant role in metabolic syndrome such as obesity
and diabetes, there is few study to assess its role in
the pathogenesis of NAFLD/NASH and the therapeutic
implication of the PPAR-δ activator on inflammasome
activation in NAFLD model.
The results of our study suggested that IL-1β,
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Figure 7 Effects of GW501516 on reactive oxygen species production and associated molecular pattern-activated protein kinase-α phosphorylation in
HepG2 cells. Intracellular ROS production was quantified using the fluorescent probe 2′,7′-dichlorodihydrofluorescein diacetate (DCFDA) (A). GW501516 inhibited
lipopolysaccharide (LPS)- and palmitic acid (PA)-induced ROS generation. Representative immunoblot and graphic presentation of p-AMPK-α and total AMPK-α
protein levels in HepG2 cells are shown (B). GW501516 tended to increase the phosphorylation of AMPK-α in PA- and LPS-treated cells. Data are expressed as the
mean ± SD (5-6 mice per group). aP < 0.05 vs control cells, cP < 0.05 vs PA + LPS-treated cells.

caspase, NLRP6 and NLRP10, as well as NLRP3, were
activated in NAFLD models and PPAR-δ activator
GW501516 has the ability to reduce hepatic steatosis,
inflammation, and oxidative stress in mice fed with
HFD. Also, these results were confirmed in the in vitro
models.
A recent study demonstrated that NLRP6 is
important in the self-renewal and integrity of the
[25]
intestinal epithelium . NLRP6 seemed to negatively
regulate the progression from NAFLD to NASH by
preventing the increase in colitogenic bacteria, indicating
[17,26]
a role for NLRP6 in the pathogenesis of NAFLD
. On
the other hand, the function of NLRP10 remains largely
uncharacterized. With the exception of the present
study, few studies have described the association
between NLRP10 inflammasome and NAFLD. Further
research is required into the exact mechanisms of how
NLRP6 or NLRP10 functions in NAFLD.
To date, NLRP3 is the most widely studied inflam
masome linked to obesity, insulin resistance, and
[15-18]
atherosclerosis
. Excessive formation of ROS, which
results in oxidative stress, is the central and common
[14]
element for activating the NLRP3 inflammasome .
In addition, IL-1β, which is stimulated by islet
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amyloid polypeptide, promotes β-cell dysfunction and
cell death, linking NLPR3 activation to insulin resis
[27]
tance . Therefore, the role of inflammasome in the
pathogenesis of NAFLD, the hepatic manifestation of
metabolic syndrome, has been receiving increased
attention.
In the present study, we showed that several in
flammasomes, including NLRP3, NRLP6, and NLRP10,
were activated in parallel with the production of ROS
and the overexpression of caspase-1 and IL-1β in HepG2
cells after stimulation with PA and LPS. Overproduction
of these pro-inflammatory cytokines was also confirmed
in mice fed the HFD with LPS injection. These results
are consistent with those from previous diet-induced
NASH models including the methionine-choline-deficient
[28]
[18]
(MCD) diet , the HFD
, and the choline-deficient
[29]
amino acid-defined (CDAA) diet .
PPAR-δ is the only subtype in the PPAR subfamily
of nuclear receptors that is not a target for currently
used drugs. Several studies have revealed that PPAR-δ
activation exerts many metabolic effects, including
reducing hepatic glucose production, increasing fatty
acid catabolism in adipose tissue and muscle, and
[19-21,30,31]
lowering the inflammatory status
. Until now,
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studies on the relationship between PPAR-δ activation
and inflammasome have been scarce. In a recent
study, the PPAR-δ agonist GW0742 was shown to
attenuate the renal dysfunction and inflammation
caused by chronic high-fructose corn syrup (HFCS-55)
exposure by preventing activation of the NLRP3
[32]
inflammasome in the kidney . In the present
study, the PPAR-δ agonist GW501516 was found to
reduce the activation of inflammasome as well as
the overproduction of pro-inflammatory cytokines
in HepG2 cells and the livers of mice. Moreover,
GW501516 alleviated hepatic steatosis in vivo.
AMPK is a key metabolic regulator in cellular and
organismal survival owing to its ability to maintain
metabolic homeostasis; it is an essential mediator
[18,21,33]
for fatty acid metabolism
. Several studies have
demonstrated that PPAR-δ prevents the downregulation
[21,30]
of AMPK
. In this study, although GW501516
treatment did not have an influence on the lipid
profile in mice, it did increase phosphorylation of the
AMPK-α subunit, both in vivo and in vitro. AMPK also
has an anti-inflammatory effect and is associated with
[18,24]
oxidative stress via suppression of ROS production
.
The current study also demonstrated, for the first time,
that the PPAR-δ agonist suppressed the ROS production
induced by PA and LPS in the hepatocyte cell line. In
immune cells such as macrophages, the AMPK-ROS
signaling pathway is known to be associated with the
[18]
activation of the NLRP3 inflammasome . The current
study may provide a clue into the complex role of
PPAR-δ in metabolism, and suggests that the negative
effect of PPAR-δ agonist on inflammasome activation
in hepatocytes may be associated with the AMPK-ROS
signaling pathway.
In the present study, we could not demonstrate
statistical significant positive effect of PPAR-δ activator
on insulin resistance and hyperlipidemia. Consistent
with these findings, PPAR-δ protein expression were
not different in controls and PA treatment with or
without GW501516. The lipid-lowering and antidiabetic effects of PPAR-δ, as well as its liver-protective
[21,34-36]
effect, are already well documented
. In recent
human clinical trials, 8 wk of therapy with MBX-8025
and GFT505, which are a novel PPAR-δ agonist and a
dual PPAR-α/PPAR-δ agonist, respectively, significantly
improved the plasma lipid profile, insulin resistance,
and, interestingly, also decreased liver enzyme
[34,37]
levels
. In our study, the treatment duration
of GW501516 in mice was relatively short (3 wk),
which may explain the insufficient effect observed
on hyperlipidemia and glucose intolerance. Also,
increasing oxidative capacity of muscle cells without
provoking insulin sensitivity might supports our
findings because PPAR-δ is highly expressed in the
skeletal muscle, heart, and pancreatic β-cells, as well
[38]
as in the liver . Future challenges in determining
the complex mechanism and cross-talk of PPAR-δ in
different tissues and cell types are expected.
Recently, accumulating evidence has shown that
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bacterial endotoxins play a key role in the pathogenesis
[28,39,40]
of NASH
. LPS, as an exogenous ligand for Tolllike receptor 4 (TLR4), may be capable of stimulating
inflammasome expression, cytokine production, and
[28,39]
the accumulation of inflammatory cells
. Therefore,
we expected that the chronic exposure of low-dose LPS
would lead to liver inflammation and fibrosis in mice
fed an HFD. As for our study, we were decided to inject
non-lethal dose of LPS which can reflect low level of
endotoxemia of NAFLD. In our animal model, mice fed
the HFD with LPS injection developed hepatic steatosis,
although it failed to produce the severe form of NASH
characterized by balloon degeneration and severe
[41]
inflammation. However, unlike the MCD diet model ,
HFD with LPS injection resulted in weight gain and
glucose intolerance, and therefore might more closely
reflect the characteristics of human NAFLD. Future
studies using endotoxins as HFD-enhancing factors in
the murine NAFLD model are required to support the
results of this study.
In conclusion, the results from our in vivo and in
vitro studies demonstrate that the PPAR-δ agonist
GW501516 suppresses the activation of inflammasome
and reduces IL-1β levels, possibly by modulation of
AMPK phosphorylation and decreased production of
ROS. This anti-inflammatory effect might be associated
with improvement of hepatic steatosis in mice. The
targeting of inflammasome by the PPAR-δ agonist
may have therapeutic implications for the treatment of
NAFLD.

COMMENTS
COMMENTS
Background

Nonalcoholic fatty liver disease (NAFLD) is one of the most common disease
of the liver. Although thiazolidinediones and antioxidants such as vitamin E
have been evaluated in several clinical trials, few pharmacological treatments
can be recommended at present. Inflammasome is a large, intracellular multiprotein complex that is a sensor of pathogen-associated molecular patterns
(PAMPs) or damage-associated molecular patterns (DAMPs) that govern the
cleavage of pro-inflammatory cytokines such as pro-interleukin (IL)-1β and proIL-18. Previous studies have shown that NLRP3 inflammasome is involved
in the pathogenesis of obesity-induced inflammation, insulin resistance, and
development of type 2 diabetes. However, the role of inflammasome in the
pathogenesis of NAFLD/NASH has not been elucidated.

Research frontiers

Peroxisome proliferator-activated receptors (PPARs) are members of the
nuclear receptor superfamily, and three isotypes exist in mammals. It has
become increasingly evident that PPAR-δ is also an important metabolic
regulator, as its activation enhances fatty acid oxidation, improves glucose
homeostasis, and attenuates macrophage inflammatory responses. Current
research hot spot is to whether the treatment with the PPAR-δ agonist could
ameliorate high fat-induced inflammasome activation and the inflammatory
response using in vivo and in vitro NAFLD models.

Innovative and breakthroughs

Until now, studies on the relationship between PPAR-δ activation and
inflammasome have been scarce. In a recent study, the PPAR-δ agonist
GW0742 was shown to attenuate the renal dysfunction and inflammation
caused by chronic high-fructose corn syrup-55 exposure by preventing
activation of the NLRP3 inflammasome in the kidney. To investigate whether
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the treatment with the PPAR-δ agonist could ameliorate high fat-induced
inflammasome activation and the inflammatory response in the liver, the authors
were using in vivo and in vitro NAFLD models. This study showed that PPAR-δ
agonist GW501516 was found to reduce the activation of inflammasome as well
as the overproduction of pro-inflammatory cytokines in HepG2 cells and the
livers of mice. Moreover, GW501516 alleviated hepatic steatosis in vivo.

10

11

Applications

The study results suggested that the PPAR-δ agonist GW501516 suppresses
the activation of inflammasome and reduces IL-1β levels in the liver, possibly
by modulation of AMPK phosphorylation and decreased production of ROS.
This anti-inflammatory effect might be associated with improvement of hepatic
steatosis in mice. The targeting of inflammasome by the PPAR-δ agonist may
have therapeutic implications for the treatment of NAFLD.

Terminology

NAFLD is a spectrum of disease entity including simple steatosis, steatosis with
inflammation, fibrosis and cirrhosis. Inflammasome is a large, intracellular multiprotein complex that is a sensor of PAMPs or DAMPs that govern the cleavage
of pro-inflammatory cytokines such as pro-IL-1β and pro-IL-18.

Peer-review
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The authors studied effects of PPAR-δ activator; GW501516 on inflamasome
pathway in mouse model of NASH (high fat diet, LPS/PA) and HepG2 cells
culture. They show that the beneficial role in mouse liver was through increased
NLRP3-10 in HepG2 cells.
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Abstract
AIM: To investigate the effects of biliary tract external
drainage (BTED) on intestinal barrier injury in rats with
hemorrhagic shock (HS).
METHODS: BTED was performed via cannula insertion
into the bile duct of rats. HS was induced by drawing
blood from the femoral artery at a rate of 1 ml/min
until a mean arterial pressure (MAP) of 40 ± 5 mmHg
was achieved. That MAP was maintained for 60 min. A
total of 99 Sprague-Dawley rats were randomized into
a sham group, an HS group and an HS + BTED group.
Nine rats in the sham group were sacrificed 0.5 h after
surgery. Nine rats in each of the HS and HS + BTED
groups were sacrificed 0.5 h, 1 h, 2 h, 4 h and 6 h after
resuscitation. Plasma tumor necrosis factor-α (TNF-α),
interleukin-6 (IL-6), and lipopolysaccharide (LPS) levels
were analyzed using enzyme-linked immunosorbent
assay. Plasma D-lactate levels were analyzed using
colorimetry. The expression levels of occludin and
claudin-1 in the ileum were analyzed using Western
blot and immunohistochemistry. Histology of the ileum
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was evaluated by hematoxylin and eosin staining.
RESULTS: Plasma TNF-α levels in the HS + BTED
group decreased significantly compared with the HS
group at 1 h and 6 h after resuscitation (P < 0.05).
Plasma IL-6 levels in the HS + BTED group decreased
significantly compared with the HS group at 0.5 h,
1 h and 2 h after resuscitation (P < 0.05). Plasma
D-lactate and LPS levels in the HS + BTED group
decreased significantly compared with the HS group
at 6 h after resuscitation (P < 0.05). The expression
levels of occludin in the HS + BTED group increased
significantly compared with the HS group at 4 h and
6 h after resuscitation (P < 0.05). The expression
levels of claudin-1 in the HS + BTED group increased
significantly compared with the HS group at 6 h after
resuscitation (P < 0.05). Phenomena of putrescence
and desquamation of epithelial cells in the ileal
mucosa were attenuated in the HS + BTED group.
Ileal histopathologic scores in the HS + BTED group
decreased significantly compared with the HS group at
2 h, 4 h and 6 h after resuscitation (P < 0.05).
CONCLUSION: BTED protects against intestinal barrier
injury in HS rats.
Key words: Hemorrhagic shock; Biliary tract external
drainage; Occludin; Claudin-1; D-lactate
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our previous studies demonstrated that biliary
tract external drainage decreased proinflammatory
cytokine production and relieved tissue damage in rat
models of hemorrhagic shock. In this research, we
found that biliary tract external drainage increased
the expression levels of occludin and claudin-1 and
decreased plasma D-lactate and lipopolysaccharide
levels under hemorrhagic shock conditions. These
results demonstrate that biliary tract external drainage
protects against intestinal barrier injury in hemorrhagic
shock rats.
Wang L, Zhao B, Chen Y, Ma L, Chen EZ, Mao EQ. Biliary
tract external drainage protects against intestinal barrier injury
in hemorrhagic shock rats. World J Gastroenterol 2015; 21(45):
12800-12813 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i45/12800.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i45.12800

INTRODUCTION
Hemorrhagic shock (HS) induces gut barrier failure,
[1]
which initiates a systemic inflammatory response .
Bile full of proinflammatory mediators enters into the
gut following HS, which contributes to tissue injury in
the intestine. On one hand, injured gut cells release a
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large number of inflammatory mediators that cause
endothelial dysfunction and activate neutrophils. On
the other hand, a large amount of lipopolysaccharide
(LPS) is released by gut bacteria through the damaged
intestinal barrier into the peripheral blood and may
[2]
cause distant organ injury .
A widespread normal bacterial flora resides in
the ileum. D-lactate is the end product of intestinal
bacteria. It is neither produced nor metabolized by
mammalian cells. During ischemia, as the normal
mucosal barrier is damaged and permeability
increases, a large amount of D-lactate is released
through the damaged intestinal mucosa into the
peripheral blood. Thus, D-lactate in peripheral blood
can indicate damage situation of the intestinal
[3-6]
barrier . LPS produced by gut bacteria also enters
into the bloodstream and spreads to the entire body
under HS conditions. Therefore, the level of LPS in the
blood also can reflect the degree of intestinal barrier
[7-9]
damage .
Tight junction (TJ) proteins, including occludin,
claudins, and cytoskeleton proteins, play critical
roles in the maintenance of the intestinal barrier
[10]
integrity . Occludin was the first transmembrane TJ
[11]
protein discovered . Occludin plays a crucial role in
[12-14]
the maintenance of epithelial TJs
. The absence
of occludin increases the ion permeability of TJs and
[15,16]
causes intestinal barrier dysfunction
. The claudin
family confers barrier functions as constituents of
TJ strands, and these proteins directly participate in
the transport of materials across epithelia through
paracellular pathways by adjusting the tightness and
[17,18]
selectivity of TJ strands
. Claudins determine the
paracellular ionic selectivity of the TJ because these
proteins have two extracellular loops that display
variability in the distribution and number of charged
[19]
residues . We examined the expression levels
of claudin-1 in the ileum for claudin-1 is strongly
[20]
expressed in rat ileum .
Organ function in shock patients with severe
acute pancreatitis who accept biliary tract external
drainage (BTED) (endoscopic naso-biliary drainage,
cholecystostomy or gallbladder percutaneous catheter
drainage) rapidly improves in clinical practice. Infection
incidence and morbidity of multiple organ dysfunction
syndrome (MODS) also significantly decrease. The
amelioration of intestinal barrier function may play a
vital role in this process. Previous studies also indicated
that BTED eased damage of vital organs and improved
[21,22]
the survival rate of shock rats
. However, studies
on the relationship between BTED and intestinal
barrier function are limited, and most of these studies
[23-26]
focused on obstructive jaundice
. Therefore, we
designed this study to observe changes in occludin
and claudin-1 in the ileum and D-lactate, LPS, tumor
necrosis factor-α (TNF-α) and interleukin-6 (IL-6)
levels in plasma. We explored the effects of BTED on
intestinal barrier in HS.
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D-lactate colorimetric assay

MATERIALS AND METHODS
Ethics statement

This study was carried out in strict accordance with the
guidelines for the care and use of laboratory animals
established by the Animal Use and Care Committee
of the Shanghai Committee on Animal Care. Animal
surgical procedures were approved by the Institutional
Animal Care and Use Committee (IACUC) at Ruijin
Hospital, Shanghai Jiao Tong University, Shanghai,
China. The animal protocol was designed to minimize
pain or discomfort to the animals.

Animal model

Ninety-nine adult male Sprague-Dawley rats (250-300
g) were purchased from the Experimental Animal
Center of Ruijin Hospital. The animals were acclimatized
to laboratory conditions (25 ℃, 12 h/12 h light/dark,
50% humidity, ad libitum access to food and water)
for one week prior to experimentation. Rats were
randomly divided into 3 groups after adaptation: sham
group, HS group, and HS + BTED group. Rats were
fasted overnight before the experiment, but rats were
allowed to drink water. Rats in the HS + BTED group
were intraperitoneally anesthetized with 3% sodium
pentobarbital (0.2 ml/100 g), and laparotomies were
performed after shaving and sterilization. Catheters
were placed in both femoral arteries for blood
pressure measurement and blood withdrawal. The
bile duct was exposed long enough for BTED. Rats
were subjected to HS by slowly withdrawing blood at
a rate of 1 mL/min until a mean arterial pressure (MAP)
of 40 ± 5 mmHg was achieved. A catheter (inner
diameter, 0.4 mm; outer diameter, 0.8 mm; length,
20 cm) was inserted into the bile duct. The distal end
of the bile duct was ligated, and the catheter was
passed through the rat flank to avoid bile passage
into the gut and allow the external collection of
bile. The abdomen was closed subsequently. An
MAP of 40 ± 5 mmHg was maintained for 1 h. Rats
were resuscitated using their shed blood and an
equal volume of normal saline at the end of shock
period. HS rats underwent pentobarbital anesthesia,
laparotomy, vascular cannulation, blood withdrawal
and suturing but no BTED. Sham rats underwent
pentobarbital anesthesia, laparotomy, vascular
cannulation and suturing, but no blood withdrawal or
BTED. Nine rats in the sham group were sacrificed 0.5
h after surgery. Nine rats in the HS group and the HS
+ BTED group were sacrificed 0.5 h, 1 h, 2 h, 4 h and
6 h after resuscitation.

Enzyme-linked immunosorbent assay

Plasma TNF-α, IL-6, and LPS levels were quantified
using enzyme-linked immunosorbent assay (ELISA)
kits according to the manufacturer’s instructions. The
absorbance from each sample was normalized for the
actual concentration.
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Plasma D-lactate levels were quantified using a
D-lactate colorimetric assay kit according to the
manufacturer’s instructions. The absorbance from each
sample was normalized for the D-lactate concentration.

Western blot analysis

Intestinal mucosal scrapings from all animals were
stored at -80 ℃ for Western blot analysis. RIPA lysis
buffer and 5 × loading buffer were prepared. Briefly,
samples were homogenized in RIPA lysis buffer.
Tissues were frozen immediately in liquid nitrogen
and placed in a mortar for pulverization. Total protein
was extracted using tissue total protein lysis buffer,
and protein concentration was measured using a BCA
Protein Assay Kit.
Proteins were separated using SDS–polyacrylamide
gel electrophoresis (PAGE) and transferred to
polyvinylidenedifluofide (PVDF) membranes. The blot
was immune probed using primary antibody overnight
at 4 ℃. Primary antibodies for Western blotting were a
rabbit polyclonal antibody to occludin (1:250), a rabbit
polyclonal antibody to claudin-1 (1:500) and a mouse
monoclonal antibody to GAPDH (1:2000). The blots
were incubated with an HRP-conjugated secondary
antibody for 1 h at room temperature and reacted
with an enhanced chemiluminescence substrate. The
resulting chemiluminescence was recorded using an
imaging system (Imagequant LAS 400, GE, United
States). The enhanced chemiluminescence signals
were digitized using Photoshop CS6 software (Adobe,
United States) to quantify the expression levels of
occludin and claudin-1. Relative occludin and claudin-1
protein expression was normalized to respective values
for GAPDH, and the results are described as fold
increases relative to baseline levels in negative control.

Immunohistochemistry

The samples were fixed in 4% paraformaldehyde,
embedded in paraffin and sectioned at 4 µm. Sections
were mounted onto APES-coated slides, deparaffinized,
rehydrated, incubated in 3% hydrogen peroxide
to quench any endogenous peroxidase activity,
and washed with distilled water and PBS for 5 min.
Sections were placed in 3% citrate buffer to repair
antigens. The buffer was heated to a temperature of
92 ℃-98 ℃ using microwave, and the temperature
was maintained for 10 min. Sections were cooled to
room temperature. A 10% nonimmune goat serum
was applied to eliminate nonspecific staining. Sections
were incubated overnight at 4 ℃ with an optimally
diluted rabbit polyclonal anti-rat occludin antibody
(1:100) or rabbit polyclonal anti-rat claudin-1 antibody
(1:100). The sections were washed with PBS and
incubated with a broad-spectrum secondary antibody
for 30 min, rewashed, and incubated with peroxidaseconjugated streptavidin for 15 min. Peroxidation
activity was visualized by incubation with DAB solution.
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The sections were counterstained with hematoxylin.

with the HS group at 4 h after resuscitation (P < 0.05)
(Figure 1A).

Hematoxylin and eosin staining

The samples were fixed in 4% paraformaldehyde,
embedded in paraffin and sectioned at 4 µm. Sections
were mounted onto APES-coated slides. After de
paraffinization and dehydration, the sections were
stained with hematoxylin and eosin for microscopic
examination. The severity of ileal injury was scored
from 0 to 3 as follows: 0, normal (no damage); 1, mild
(focal epithelial edema and necrosis); 2, moderate
(diffuse swelling or necrosis of the villi); 3, severe
(diffuse necrosis of the villi with evidence of neutrophil
infiltration in the submucosa and/or hemorrhage). All
evaluations were made on six fields per section and six
[27,28]
sections under 100 × magnification
.

Reagents

The rat TNF-α ELISA kit was purchased from the
MaibioCompany (MHK0008, Shanghai, China). The rat
IL-6 ELISA kit was purchased from the MaibioCompany
(MRK0004, Shanghai, China). The rat LPS ELISA kit
was purchased from the CusabioCompany (CSBE14247r, Wuhan, China). The D-lactate Colorimetric
Assay Kit was purchased from the BioVision Company
(K667-100, Milpitas, United States). RIPA lysis buffer,
BCA Protein Assay Kit and 5 × loading buffer were
purchased from the Beyotime Institute of Biotechnology
(Jiangsu, China). The rabbit polyclonal antibody to
occludin was purchased from the Abcam Company
(ab31721, Cambridge, MA, United States). The
rabbit polyclonal antibody to claudin-1 was purchased
from the Biorbyt Company (Ab-210, Cambridge,
Cambridgeshire, United Kingdom). The mouse
monoclonal antibody to GAPDH was purchased from
the Abcam Company (ab8245, Cambridge, MA, United
States). The enhanced chemiluminescence substrate
was purchased from the ComWin Biotechnology
Company (Beijing, China). The immunohistochemistry
kit was purchased from the InvitrogenCompany
(Frederick, United States).

Statistical analysis

Data were analyzed using SPSS 16.0 software. All data
are expressed as mean ± SE and compared using the
unpaired Student’s t-test. P < 0.05 was considered to
be statistically significant.

RESULTS
Effect of BTED on plasma TNF-α levels

Plasma TNF-α levels in the HS + BTED group showed
no significant differences compared with the HS group
at 0.5 h and 2 h after resuscitation. Plasma TNF-α
levels in the HS + BTED group decreased significantly
compared with the HS group at 1 h and 6 h after
resuscitation (P < 0.05). Plasma TNF-α levels in the
HS + BTED group increased significantly compared
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Effect of BTED on plasma IL-6 levels

Plasma IL-6 levels in the HS + BTED group showed no
significant differences compared with the HS group at
6 h after resuscitation. Plasma IL-6 levels in the HS +
BTED group decreased significantly compared with the
HS group at 0.5 h, 1 h and 2 h after resuscitation (P
< 0.05). Plasma IL-6 levels in the HS + BTED group
increased significantly compared with the HS group at
4 h after resuscitation (P < 0.05) (Figure 1B).

Effect of BTED on plasma LPS levels

Plasma LPS levels in the HS + BTED group showed no
significant differences compared with the HS group
at 0.5 h, 1 h and 4 h after resuscitation. Plasma LPS
levels in the HS + BTED group increased significantly
compared with the HS group at 2 h after resuscitation
(P < 0.05). Plasma LPS levels in the HS + BTED group
decreased significantly compared with the HS group at
6 h after resuscitation (P < 0.05) (Figure 1C).

Effect of BTED on plasma D-lactate levels

Plasma D-lactate levels in the HS + BTED group
showed no significant differences compared with the
HS group at 0.5 h after resuscitation. Plasma D-lactate
levels in the HS + BTED group increased significantly
compared with the HS group at 1 h, 2 h and 4 h after
resuscitation (P < 0.05). Plasma D-lactate levels in the
HS + BTED group decreased significantly compared
with the HS group at 6 h after resuscitation (P < 0.05)
(Figure 1D).

Western blot analysis of expression of occludin and
claudin-1 in the ileum

The expression levels of occludin in the ileum of the
HS + BTED group did not show significant differences
compared with the HS group at 0.5 h, 1 h and 2 h
after resuscitation. The expression levels of occludin
in the ileum in the HS + BTED group increased
significantly compared with the HS group at 4 h and
6 h after resuscitation (P < 0.05) (Figure 2A and B).
The expression levels of claudin-1 in the ileum in the
HS + BTED group showed no significant differences
compared with the HS group at 0.5 h, 1 h, 2 h and 4 h
after resuscitation. The expression levels of claudin-1
in the ileum in the HS + BTED group increased
significantly compared with the HS group at 6 h after
resuscitation (P < 0.05) (Figure 2A and C).

Immunohistochemical analysis of expression of
occludin in the ileum

Occludin in the sham group was expressed as cyto
plasmic granules located mostly at the apical part of
epithelial cells. The total epithelial cells lining the villi
exhibited positive immunostaining for occludin in the
sham group (Figure 3a). There was loss of occludin
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Figure 1 Plasma tumor necrosis factor-α (A), interleukin-6 (B), lipopolysaccharide (C), and D-lactate levels (D). Results are presented as mean ± SE (n = 6).
a
P < 0.05, vs the HS group at the same time point. HS: Hemorrhagic shock; BTED: Biliary tract external drainage; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6;
LPS: Lipopolysaccharide.

expression by most epithelial cells lining the villi in the
HS group (Figure 3b-f). Occludin expression in the
HS + BTED group showed no significant differences
compared with the HS group at 0.5 h, 1 h and 2 h
after resuscitation (Figure 3b-d and g-i). Occludin
expression in the epithelial cells lining the villi was
enhanced significantly in the HS + BTED group
compared with the HS group at 4 h and 6 h after
resuscitation (Figure 3 e, f, j and k).

Immunohistochemical analysis of expression of
claudin-1 in the ileum

The epithelial cells lining the villi exhibited positive
immunostaining for claudin-1 in the sham group (Figure
4a). There was loss of claudin-1 expression by most
epithelial cells lining the villi in the HS group (Figure
4b-f). Claudin-1 expression in the HS + BTED group
showed no significant differences compared with the
HS group at 0.5 h, 1 h, 2 h and 4 h after resuscitation
(Figure 4b-e and g-j). Claudin-1 expression was
enhanced significantly in the HS + BTED group
compared with the HS group at 6 h after resuscitation
(Figure 4f and k).
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Histomorphology of the ileum

No obvious tissue damage of the ileum was shown
in the sham group (Figure 5Aa). Epithelial cells of
small intestinal villi of rats in the HS group showed
necrosis and exfoliation. Inflammatory cell infiltration
was observed (Figure 5Ab-f). The tissue damage in
the ileum of the HS + BTED group was significantly
alleviated compared with the HS group. Phenomena
of putrescence and desquamation of epithelial cells in
the intestinal mucosa were attenuated (Figure 5Ag-k).
Histopathologic scores in the HS + BTED group showed
no significant differences compared with the HS group
at 0.5 h and 1 h after resuscitation. Histopathologic
scores in the HS + BTED group decreased significantly
compared with the HS group at 2 h, 4 h and 6 h after
resuscitation (P < 0.05) (Figure 5B).

DISCUSSION
This study demonstrated that plasma TNF-α, IL-6, LPS,
and D-lactate levels decreased significantly after BTED
under HS conditions. The expression levels of occludin
and claudin-1 in the ileum increased significantly
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Figure 3 Immunohistochemical analysis of expression of occludin in the ileum. Sham group (A), HS group (B: 0.5 h after resuscitation; C: 1 h after resuscitation;
D: 2 h after resuscitation; E: 4 h after resuscitation; F: 6 h after resuscitation) and HS + BTED group (G: 0.5 h after resuscitation; H: 1 h after resuscitation; I: 2 h after
resuscitation; J: 4 h after resuscitation; K: 6 h after resuscitation). The expression levels of occludin in the ileum in the HS + BTED group were enhanced significantly
compared with the HS group at 4 h and 6 h after resuscitation. HS: Hemorrhagic shock; BTED: Biliary tract external drainage.

after BTED under HS conditions. Phenomena of putre
scence and desquamation of epithelial cells in the
intestinal mucosa were attenuated after BTED. Ileal
histopathologic scores decreased significantly after
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BTED under HS conditions.
Activated Kupffer cells produce proinflammatory
TNF-α and IL-6 during the pathogenesis of HS, which
induces the release of additional proinflammatory
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E
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Figure 4 Immunohistochemical analysis of expression of claudin-1 in the ileum. Sham group (A), HS group (B: 0.5 h after resuscitation; C: 1 h after
resuscitation; D: 2 h after resuscitation; E: 4 h after resuscitation; F: 6 h after resuscitation) and HS + BTED group (G: 0.5 h after resuscitation; H: 1 h after
resuscitation; I: 2 h after resuscitation; J: 4 h after resuscitation; K: 6 h after resuscitation). The expression levels of claudin-1 in the ileum in the HS + BTED group
were enhanced significantly compared with the HS group at 6 h after resuscitation. HS: Hemorrhagic shock; BTED: Biliary tract external drainage.
[29,30]

mediators from hepatocytes
. Bile full of pro
inflammatory mediators enters into the gut, which
aggravates tissue injury in the ileum and induces the
release of additional proinflammatory mediators from
intestinal cells. Gut-derived cytokines, such as TNF-α
and IL-6, enter into the liver via the portal vein, which
aggravates liver injury and induces the release of
more proinflammatory mediators from Kupffer cells
to complete the inflammatory loop of the gut-liver
[31-34]
axis
. This vicious cycle eventually leads to MODS.
The initial application of biliary drainage was to
[35,36]
temporarily relief patient’s biliary obstruction
.
This technique is widely used clinically because it is
less invasive and exhibits fewer complications. Many
methods are used, such as nasal biliary drainage,
percutaneous transhepaticcholangial drainage, gal
lbladder fistula and so on, with the development of
[37,38]
this technology
. Previous studies demonstrated
that the inflammatory cytokine TNF-α in bile increased
[22]
significantly in HS rats . BTED blocks the entry
of inflammatory cytokines into the ileum with bile,
which reduces inflammatory cytokines that enter
into the blood through the gut and avoids intestinal
cell release of more inflammatory cytokines after
stimulation by inflammatory cytokines. BTED blockade
of the vicious cycle of the gut-liver axis may play an
important role in the prevention and treatment of
MODS. TNF-α and IL-6 are key mediators involved
in many physiologic processes including immunity,
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inflammation, and metabolism. Plasma TNF-α levels
rose within 10 min after hemorrhage, and peaked
at 30 min after hemorrhage during HS. Higher
concentrations of TNF-α and IL-6 were associated, not
only with an increased mortality rate, but also with an
increased risk for subsequent adult respiratory distress
syndrome and multiple organ failure in HS patients.
In our study, plasma TNF-α levels in the HS + BTED
group decreased significantly compared with the HS
group at 1 h and 6 h after resuscitation. Plasma IL-6
levels in the HS + BTED group decreased significantly
compared with the HS group at 0.5 h, 1 h and 2 h
after resuscitation. These results showed that BTED
reduces the body’s inflammatory reaction in HS.
However, plasma TNF-α and IL-6 levels in the HS +
BTED group increased significantly compared with the
HS group at 4 h after resuscitation. The increases of
plasma TNF-α and IL-6 levels may be because BTED
reduced inflammation of intestinal villi and retained
more capillaries. Blood supply in the HS + BTED
group was better after resuscitation. TNF-α and IL-6
accumulated in the ileum and were released into the
bloodstream faster.
In our earlier study, necrosis and exfoliation of
epithelial cells of small intestinal villi of rats with
severe acute pancreatitis were attenuated after BTED,
which suggests that BTED plays a protective role
on the ileum of rats with severe acute pancreatitis.
BTED attenuated the phenomena of putrescence
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Figure 5 Hematoxylin and eosin staining (A) and histopathologic scores (B) of the ileum. Sham group (a), HS group (b: 0.5 h after resuscitation; c: 1 h after
resuscitation; d: 2 h after resuscitation; e: 4 h after resuscitation; f: 6 h after resuscitation) and HS + BTED group (g: 0.5 h after resuscitation; h: 1 h after resuscitation;
i: 2 h after resuscitation; j: 4 h after resuscitation; k: 6 h after resuscitation). Histopathologic scores are presented as mean ± SE (n = 6). aP < 0.05 vs the HS group at
the same time point. HS: Hemorrhagic shock; BTED: Biliary tract external drainage.

and desquamation of epithelial cells in the intestinal
[22]
mucosa of HS rats . BTED reduced neutrophil
infiltration, superficial necrosis and sloughing of
epithelium of intestinal villus and improved survival
[21]
rates of the LPS treated rats . BTED improved
intestinal barrier function in obstructive jaundice
[24]
models . The tissue damage to the ileum in the HS +
BTED group was significantly relieved compared with
the HS group in this study. Phenomena of putrescence
and desquamation of epithelial cells in the intestinal
mucosa were attenuated. Ileal histopathologic scores
decreased significantly after BTED under HS conditions
in this study. These results showed that BTED protects
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against intestinal injury in HS.
The severity of hemorrhagic/traumatic shock
[16]
affected plasma D-lactate concentrations in rats .
Increased plasma D-lactate levels predict an increased
[39]
risk of mortality after hemorrhage and trauma .
A rapid decrease in plasma D-lactate could indicate
reduced 28-d mortality in critically ill septic shock
[40]
patients . Ethyl pyruvate can lessen intestinal
permeability and protect intestinal barrier function in
dogs with septic shock via decreasing the levels of
plasma D-lactate and reducing inflammation of the
[41]
small intestinal mucosa . Plasma D-lactate levels in
the HS + BTED group decreased significantly compared
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with the HS group at 6 h after resuscitation in this
study. Plasma LPS levels showed the same variation
trend. These results showed that BTED protects
against intestinal barrier injury in HS. However, plasma
D-lactate levels in the HS + BTED group increased
significantly compared with the HS group at 1 h, 2 h
and 4 h after resuscitation. Plasma LPS levels in the
HS + BTED group increased significantly compared
with the HS group at 2 h after resuscitation. These
results may be caused by the following reasons. On
one hand, BTED reduced inflammation of intestinal villi
and retained more capillaries. Intestinal villus blood
supply was better in the HS + BTED group. Therefore,
more D-lactate and LPS were absorbed through the
damaged intestinal mucosa into the peripheral blood.
On the other hand, BTED may aggravate intestinal
barrier damage as an invasive operation in early
stages.
Increasing occludin content in the small intestine
[42-44]
enhances the intestinal barrier
. In our study, the
expression levels of occludin in the ileum of the HS +
BTED group increased significantly compared with the
HS group at 4 h after resuscitation. Fish oil enhanced
intestinal integrity by increasing protein expression
of the intestinal TJ protein claudin-1 in weaned pigs
[45]
after LPS challenge . In our study, the expression
levels of claudin-1 in the ileum of the HS + BTED
group increased significantly compared with the HS
group at 6 h after resuscitation. These results showed
that BTED increases the expression of occludin and
claudin-1 under HS conditions.
There are some limitations in our study. First, the
observation time was relatively short so that we are
not sure how long the effect of BTED lasts. Second,
there are many kinds of TJ proteins expressed in the
ileal epithelium. Changes of occludin and claudin-1
may not reflect the real changes of all TJ proteins.
In summary, BTED decreases plasma TNF-α and
IL-6 levels and ileal histopathologic scores under HS
conditions. BTED increases the expression levels of
occludin and claudin-1 and decreases plasma D-lactate
and LPS levels under HS conditions. These results
show that BTED protects against intestinal barrier
injury in HS. Specific mechanisms require further
research.

inflammatory response. Bile full of proinflammatory mediators enters into the
gut following HS, which contributes to tissue injury in the intestine. A large
amount of lipopolysaccharide (LPS) is released by gut bacteria through the
damaged intestinal barrier into the peripheral blood and may cause distant
organ injury. Studies on the relationship between biliary tract external drainage
(BTED) and intestinal barrier function are limited, and most of these studies
focused on obstructive jaundice.

Research frontiers

D-lactate is the end product of intestinal bacteria. It is neither produced nor
metabolized by mammalian cells. During ischemia, as the normal mucosal
barrier is damaged and permeability increases, a large amount of D-lactate
is released through the damaged intestinal mucosa into the peripheral
blood. Thus, D-lactate in peripheral blood can indicate damage situation of
intestinal barrier. Tight junction (TJ) proteins, including occludin, claudins, and
cytoskeleton proteins, play critical roles in the maintenance of the intestinal
barrier integrity.

Innovations and breakthroughs

BTED significantly decreased plasma TNF-α, IL-6, LPS, and D-lactate levels
and increased the expression levels of occludin and claudin-1 in the ileum
under HS conditions. Phenomena of putrescence and desquamation of
epithelial cells in the intestinal mucosa were attenuated after BTED. Ileum
histopathologic scores decreased significantly after BTED under HS conditions.

Applications

These results show that BTED protects against intestinal barrier injury in HS
and provide a new choice for the treatment of HS.

Terminology

The initial application of BTED was to temporarily relief patient’s biliary
obstruction. This technique is widely used clinically because it is less invasive
and exhibits fewer complications. Many methods are used, such as nasal biliary
drainage, percutaneous transhepaticcholangial drainage, gallbladder fistula
and so on, with the development of this technology. BTED blocks the entry of
inflammatory cytokines into the ileum with bile, which reduces inflammatory
cytokines that enter into the blood through the gut and avoids intestinal cell
release of more inflammatory cytokines after stimulation by inflammatory
cytokines.
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Abstract
AIM: To investigate small interfering RNA (siRNA)mediated inhibition of nuclear factor-kappa B (NF-κB)
activation and multidrug-resistant (MDR) phenotype
formation in human HepG2 cells.
METHODS: Total RNA was extracted from human
HepG2 or LO2 cells. NF-κB/p65 mRNA was amplified
by nested reverse transcription polymerase chain
reaction and confirmed by sequencing. NF-κB/p65 was
analyzed by immunohistochemistry. Specific-siRNA was
transfected to HepG2 cells to knock down NF-κB/p65
expression. The effects on cell proliferation, survival,
and apoptosis were assessed, and the level of NFκB/p65 or P-glycoprotein (P-gp) was quantitatively
analyzed by enzyme-linked immunosorbent assay.
RESULTS: HepG2 cells express NF-κB/p65 and express
relatively less phosphorylated p65 (P-p65) and little
P-gp. After treatment of HepG2 cells with different
doses of doxorubicin, the expression of NF-κB/p65,
P-p65, and especially P-gp were dose-dependently
upregulated. After HepG2 cells were transfected with
NF-κB/p65 siRNA (100 nmol/L), the expression of
NF-κB/p65, P-p65, and P-gp were downregulated
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significantly and dose-dependently. The viability of
HepG2 cells was decreased to 23% in the combination
NF-κB/p65 siRNA (100 nmol/L) and doxorubicin (0.5
μmol/L) group and 47% in the doxorubicin (0.5 μmol/L)
group (t = 7.043, P < 0.001).
CONCLUSION: Knockdown of NF-κB/p65 with siRNA
is an effective strategy for inhibiting HepG2 cell
growth by downregulating P-gp expression associated
chemosensitization and apoptosis induction.
Key words: Hepatocellular carcinoma; Nuclear factorκB; Multidrug-resistant; Chemosensitization; Small
interference RNA; P-glycoprotein
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic nuclear factor-kappa B (NF-κB)
signaling pathway could be a potential target for
designing highly effective therapeutic agents for
the chemoprevention of hepatocellular carcinoma
(HCC). Specific siRNAs used in combination with
doxorubicin could enhance doxorubicin cytotoxicity
in human HepG2 cells by downregulating NF-κB and
P-glycoprotein expression. Stable NF-κB inhibition and
chemosensitization could significantly inhibit tumor
cell proliferation. Thus, the modulation of NF-κB might
represent an advance in HCC therapy efficacy and is
worthy of further research and investigation.

role and can be activated by chemotherapy drugs,
[11-13]
cytokines, and viruses induced into nucleus
.
HCC is one of the most resistant tumors to sys
temic chemotherapy, and doxorubicin is one of the
[14,15]
chemotherapy drugs used in HCC
. Both NFκB and P-glycoprotein (P-gp) have been described
as important mediators of chemotherapy-induced
[16-18]
cell death
. Because the first exon of multidrug resistance (MDR) gene promoter contains
the NF-κB binding sequence, it may be one of the
[19,20]
downstream target genes of NF-κB
. A variety of
chemotherapeutic drugs can induce formation of the
MDR phenotype in malignant cells, thereby restricting
the efficacy of these drugs. P-gp is encoded by the
MDR gene and is a membrane bound ATP-dependent
flow pump. It can pump drugs out of the cell with
the energy provided by ATP, and this is the main
[21,22]
mechanism underlying the MDR phenomenon
.
However, the role of NF-κB signaling pathway in
chemotherapy-induced MDR remains to be elucidated.
In this study, we used small interference RNA (siRNA)mediated inhibition of NF-κB expression in combination
with chemotherapy drugs to explore the role of NF-κB
in human HepG2 cell growth.

MATERIALS AND METHODS
Cell line and cultures

Shi Y, Wang SY, Yao M, Sai WL, Wu W, Yang JL, Cai Y, Zheng
WJ, Yao DF. Chemosensitization of HepG2 cells by suppression
of NF-κB/p65 gene transcription with specific-siRNA. World J
Gastroenterol 2015; 21(45): 12814-12821 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12814.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12814

Human hepatoma cell (HepG2) and normal liver cell
(LO2) lines were purchased from the Nanjing KeyGen
Biotech Co., Ltd. (Nanjing, China) and cultured at
37 ℃ with 5% CO2 in Roswell Park Memorial Institute
(RPMI)-1640 supplemented with 2 mmol/L L-glutamine
and 10% fetal calf serum (FCS). The cells were
digested by parenzyme. Recombinant human TNF-α
was purchased from the Prepro Tech, Inc. (Rocky Hill,
NJ, United States). Doxorubicin and all chemicals not
otherwise specified below were purchased from Sigma
(St Louis, MI, United States).

INTRODUCTION

Synthesis of NF-κ B complementary DNA

Hepatocellular carcinoma (HCC) is one of the
most common cancers and causes of mortality in
[1,2]
China . A great deal of progress in understanding
the mechanisms of hepatocarcinogenesis has been
[3-5]
achieved in recent years
. Many genes, such as
protooncogenes, tumor suppressor genes, and
growth factor genes, have been suggested to play an
[6]
important role in this process . Infection with hepatitis
B virus (HBV) or hepatitis C virus (HCV) is involved
in HCC development and progression. Tumorigenic
protein (HBx or core protein of HCV) activates a variety
of signaling pathways, including nuclear- transcription
factor kappa B (NF-κB) and tumor necrosis factor
[7,8]
(TNF)-α . Abnormal activation of NF-κB has been
shown to modulate the transcription and expression
[9,10]
of many genes in hepatocarcinogenesis
. NF-κB is
formed by five subunits, p65, RelB, C-Rel, p50, and
p52. The p50/p65 dimers play the common biological
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To the cells (5 × 10 ), 1.0 ml of Trizol reagent (Promega,
Madison, WI, United States) was added. Total RNA
was isolated according to standard procedures and the
protocols outlined by the manufacturer. RNA purity was
estimated from the ratio of absorbance (A) readings at
260 and 280 nm, with an A260/280 ratio between 1.8 and
2.0 indicating sufficient purity. The RNA samples were
kept frozen at -85 ℃ until required. For synthesis of
NF-κB complementary DNA (cDNA), 2 μg of total RNA
was denatured in the presence of random hexamers
(100 pMol/L, Promega) and reverse-transcriptase
(Gibco, Carlsbad, CA, United States) at 23 ℃ for 10
min, 42 ℃ for 60 min, 95 ℃ for 10 min, on ice for 5
min, and then stored at -20 ℃ for polymerase chain
reaction (PCR) amplification.

PCR amplification of the NF-κ B gene

A set of primers, NF-κB-P1 (sense), 5’-AGCACA
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GATACCACCAAGAC-3’ (nt398-417) and NF-κB-P2
(antisense), 5’-TGGTCCCGTGAAATACACCT-3’
(nt523-542) were designed according to NF-κB/p65
sequences obtained from Genebank (NM-021975) and
synthesized in the Shanghai Institute of Cell Biology,
Chinese Academy Sciences, China, and the size of
amplified fragment was 145 bp. The PCR amplification
consisted of initial denaturation at 94 ℃ for 5 min,
followed by 94 ℃ for 25 s, 55 ℃ for 30 s, and 72 ℃ for
90 s for 30 cycles. The glyceraldehyde-3- phosphate
dehydrogenase (GAPDH) genome was used as a
control. A set of primer sequences was GAPDH-1
(sense), 5’-AGAAGGCTGGGGCTCATTTG-3’ and
GAPDH-2 (antisense), 5’-AGGGGCCATCCACAGTCTTC-3’,
and the size of designed fragment was 258 bp. The
amplified products were separated by electrophoresis
on 2% agarose gels with ethidium bromide staining.
The fragment sizes were evaluated using DNA markers
(Promega) as molecular weight standards, and
TM
Molecular Imager Gel Doc System (Biorad, Hercules,
CA, United States).

Synthesis NF-κ B/p65 siRNA and cell transfections

The human NF-κB/p65 siRNA was purchased
from the Biomics Biotechnologies Co. (Nantong,
China). The sequences of siRNA were 5’-GA
UGAGAUCUUCCUACUGUdTdT-3’ for p65 and
5’-UUCUCCGAACGUGU CACGUTTdTdT-3’ for negative
control. Cells at 50% confluence were transfected with
TM
100 nmol/L NF-κB/p65 siRNA using Lipofectamine
2000 Transfection Reagent (Invitrogen), according
to the manufacturer’s specifications. The cells
were seeded the day before transfection, using
RPMI-1640 with 10% FCS without antibiotics.
After 2 d, the cells were subjected to Western
blotting analysis or 3-(4,5-dimethylthiazol-2-Yl)-2,
5-diphenyltetrazoliumbromide (MTT) assay in the
presence or absence of doxorubicin.

MTT assays

The effect of doxorubicin on the viability of HepG2
cells was studied using the MTT Cell Proliferation and
Cytotoxicity Assay Kit purchased from the Nanjing
KeyGen Biotech CO., China. MTT assay was performed
in 96-well flat-bottomed plates (Nunc, Rochester,
4
NY, United States). Approximately 5 × 10 cells were
seeded in 100 μL of drug free media and incubated
for 24 h before drug treatment or siRNA transfection.
Different concentrations of doxorubicin were added
for 24 h. Then, 10 μL of MTT solution was added
and incubated for 4 h, and, subsequently, 100 μL
formanzan solution was added and incubated for 4
h. The amount of soluble formanzan produced, by
cellular reduction of MTT, was measured at 570 nm.
Approximate IC50 values were determined from a
dose response curve. Data were derived from at least
three independent experiments (n = 3). The effects
of doxorubicin with or without NF-κB/p65 siRNA on
the viability of HepG2 cells were studied using MTT
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assay. Twenty four hours after seeding, the cells were
transfected with NF-κB/p65 siRNA or negative control
siRNA. After 24 h, doxorubicin was added for an
additional 24 h. The MTT assays were then performed,
as described above.

Western blotting

For Western blotting, the cytoplasmic proteins were
purified from cells cultured in 6-wells plates and
lysed with a hypotonic buffer (20 mmol/L Tris-buffer,
pH 8.0, 150 mmol/L NaCl, 100 mMol/L NaF, 10%
of glycerol, 1% of Nonidet P-40, 1 mmol/L PMSF,
40 μg/mL leupeptin, and 20 μg/mL arotinin) for 30
min at 4 ℃ . After centrifuged, equal amounts of
protein (25 μg/lane) were resolved by 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto a nitrocellu
lose membrane. Membranes were blocked in Trisbuffered saline (TBS), containing 2% glycine and
3% non-fat dried milk overnight at 4 ℃ , and then
incubated with speciﬁc primary antibodies (Santa Cruz
Biotechnology, Inc., Dallas, TX, United States) to NFκB/p65, phosphorylated p65, P-gp, and β-actin for
2 h at 37 ℃. Membranes were them incubated with
horseradish peroxidase-labeled secondary antibody
for 1.5 h at 37 ℃. The reaction was developed using a
chemiluminescence detection system.

Immunohistochemistry

The cells were fixed with 10% formaldehyde, and
then the streptavidin-peroxidase (S-P) method
with empirical procedure directions was performed.
Phosphate buffered saline (PBS) was used to substitute
for the primary antibody and served as a negative
control. The positive material of NF-kB/p65 was a
brown-yellow fine particle layer localized in the nucleus
or cytoplasm. NF-kB/p65 staining was evaluated semiquantitatively according to the percentage of positive
cells.

Enzyme-linked immunosorbent assay

The nuclear protein was extracted after cell trans
fection, according to the instructions for the nuclear
and cytoplasmic protein extraction kit, and quantified
spectro- photometrically using the BCA assay kit
(Beyotime, Haimen, China). The level of NF-κB/p65
was detected according to the human NF-κB/p65
enzyme-linked immunosorbent assay kit (Cusabio
Biotech, Wuhan, China), with 30 μL of complete
combining buffer, 10 μL of nuclear protein extraction
agent, and 20 μL of complete lysis buffer (CLB). The
positive control consisted of 2.5 μg of provided nuclear
extract diluted in 20 μL of CLB per well; the blank well
contained only 20 μL of CLB. Twenty microliters of the
appropriate standard diluted in the CLB was added to
each well. Solutions were incubated with mild agitation
for 1 h at room temperature. Each well was washed
three times with 200 µL of washing buffer, and then
100 µL of diluted NF-κB antibody was added. The plate
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Figure 1 Comparative analysis of nuclear factor-κB/p65 and P-p65 ex
pression in human HepG2 cells induced with tumor necrosis factor-α. A: The
ratios of nuclear factor-κB (NF-κB) p65 and P-p65 expression to β-actin in HepG2
cells with 10 ng/mL of tumor necrosis factor (TNF)-α at time points, data are
means of independent triplicate experiments; B: The expression of NF-κB/p65 and
P-p65 by Western blot analysis, NF-κB/p65 and P-p65 were 65 kDa, and β-actin,
the control, was 42 kDa.

was covered and incubated for 1 h with mild agitation,
washed four times, and 100 µL of Developing Solution
was added. After 10 min incubation in the dark, 100
µL of stop solution was added, and within 5 min, the
A450 was measured with a spectrophotometer and
reference wavelength at 655 nm. NF-κB level was
calculated according to a standard curve.

Statistical analysis

C
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Figure 2 Expressions of nuclear factor-κB/p65, P-p65, and P-gp induced
by different doses of doxorubicin in HepG2 cells. Lane 1, control without
doxorubicin; Lane 2, 0.5 μmol/L of doxorubicin for 4 h; Lane 3, 0.5 μmol/L of
doxorubicin for 24 h; Lane 4, 1.0 μmol/L of doxorubicin for 4 h; and Lane 5, 1.0
μmol/L of doxorubicin for 24 h. A: The expressions of NF-κB/p65 and P-p65
in HepG2 cells with different doses of doxorubicin were analyzed by western
blotting. NF-κB/p65 and P-p65 shows a 65 kDa band, and β-actin shows a 42
kDa band as control; B: The relative levels of P-glycoprotein (P-gp) expression
to β-actin in HepG2 cells with different doses of doxorubicin at different times,
data are means of independent triplicate experiments; C: the analysis of P-gp
expression in HepG2 cells with different doses of doxorubicin by western
blotting. P-gp, 170 kDa; β-actin, 42 kDa as control protein. The action time of
HepG2 cells with different doses of doxorubicin.
[23]

RESULTS
The comparative analysis of NF-κB/p65 and P-p65
expression in human HepG2 cells induced with TNF-α
are shown in Figure 1. The ratio of NF-κB/p65 and the
relative expression of P-p65 to β-actin were increased
in HepG2 cells treated with a time course of 10 ng/mL
of TNF-α (Figure 1A), as shown with Western blotting
(Figure 1B). The expression of NF-κB/p65 or P-p65 was
slight in HepG2 cells. Incubation of HepG2 cells with
TNF-α (10 ng/mL) significantly increased the expression
of NF-κB/p65 at 0.5, 4, and 24 h relative to that at 0 h
(P < 0.01). The expression of P-p65 was significantly
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0

higher (P < 0.01) at 24 h than at 0, 0.5, and 4 h

Data was expressed as the mean ± standard deviation
(SD). Statistical analyses were done using the SPSS
10.0 software package (Chicago, IL, United States).
Differences between groups were assessed using
2
Fisher’s exact test or the χ test. P ≤ 0.05 was
regarded as statistically significant.

Expression of NF-κ B/p65 and P-p65 in HepG2 cells with
TNF-α

20

.

Expression of p65, P-p65 and P-gp in HepG2 cells with
doxorubicin

The expression of NF-κB/p65, P-p65, and P-gp induced
by different doses of doxorubicin in HepG2 cells are
shown in Figure 2. The expression of NF-κB/p65 and
P-p65 with different doses of doxorubicin was analyzed
using Western blotting (Figure 2A). There were no
significant changes between NF-κB/p65 or P-p65 with
various doses or incubation times of doxorubicin. The
ratio of P-gp expression to β-actin in human hepG2 cells
with different doses of doxorubicin at different times
(Figure 2B) was analyzed by Western blotting (Figure
2C). P-gp expression in cells without doxorubicin was
minimal, with no significant change found in the cells
with doxorubicin at 4 h. P-p65 expression at 24 h was 6or 7-fold higher than that at 4 h.

Specific siRNA downregulated NF-κ B/p65, P-p65, and
P-gp expression

The downregulation of NF-κB/p65, P-p65, and P-gp
expression in HepG2 cells after siRNA transfection
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Figure 4 Expression of nuclear factor-κB or nuclear factor-κB/p65 mRNA in
HepG2 cells before and after siRNA transfection. A: The expression of nuclear
factor (NF)-κB/p65 mRNA was higher in HepG2 cells than LO2 cells before
siRNA transfection. The fragments (145 bp) of NF-κB/p65 mRNA were amplified
by reverse transcription polymerase chain reaction, separated on 2% agarose gel,
and stained with ethidium bromide; B: Immunohistochemical staining with anti-NFκB/p65 (streptavidin-peroxidase, original magnification × 40); NF-κB/p65 positive
material was a brown-yellow fine particle layer and localized in the cytoplasm and
nucleus of HepG2 cells (L); the expression of NF-κB/p65 positive material in the
cytoplasm and nucleus of HepG2 cells with siRNA transfection (R); C: Westernblotting of NF-κB/p65 in cytoplasm and nucleus of HepG2 cells with siRNA
transfection. Lanes 1, cytoplasm of HepG2 cells; Lanes 2, nucleus of HepG2
cells; Lanes 3, cytoplasm of HepG2 cells with 100 nmol/L of siRNA transfection;
and Lanes 4, nucleus of HepG2 cells with 100 nmol/L of siRNA transfection. p65,
65 kDa; β-actin, 42 kDa, as the control protein.
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Figure 3 Downregulation of nuclear factor-κB/p65, P-p65, and P-gp
expression in HepG2 cells after siRNA transfection. 1, control; 2, negativesiRNA for 48 h; 3, 0.5 μmol/L of doxorubicin for 48 h; 4, nuclear factor-κB (NFκB)/p65 siRNA for 48 h; 5, 100 nmol/L of NF-κB/p65 siRNA for 24 h, then
added 0.5 μmol/L of doxorubicin for another 24 h. A: The ratios of NF-κB/p65
and P-p65 expression in HepG2 cells after NF-κB/p65 siRNA transfection, data
are means of independent triplicate experiments; B: The analysis of NF-κB/p65
and P-p65 expression in HepG2 cells after NF-κB/p65 siRNA transfection by
western blotting; C: The relative levels of P-gp expression in HepG2 cells after
NF-κB/p65 siRNA transfection, all values are means of independent triplicate
experiments; D: The analysis of P-gp expression in HepG2 cells after NF-κB/
p65 siRNA transfection by western blotting. The molecular weight NF-κB/p65,
P-p65, and P-gp were 65 kDa, 65 kDa, and 170 kDa, respectively; and β-actin,
molecular weight 42 kDa, was the control protein.

is shown in Figure 3. In HepG2 cells transfected
with siRNA, the ratios of NF-κB/p65, P-p65, or
P-gp expression to β-actin (Figure 3A and C) were
decreased significantly, and this was confirmed by
Western blotting (Figure 3B and D). The expression
of NF-κB/p65, P-p65, and P-gp was inhibited
significantly (P < 0.001) in compared with the control
or doxorubicin group.
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The expression of NF-κB/p65 and NF-κB/p65 mRNA
in HepG2 cells before and after siRNA transfection is
shown in Figure 4. The expression of NF-κB/p65 mRNA
was significantly higher in HepG2 cells than LO2 cells
(P < 0.001, Figure 4A) before siRNA transfection. The
relative ratio of NF-κB/p65 mRNA to GAPDH was 1.13
± 0.03 in HepG2 cells and 0.29 ± 0.07 in LO2 cells.
NF-κB/p65 positive material was a brown-yellow fine
particle layer and localized in cytoplasm and nucleus
of HepG2 cells; and this expression pattern was
different in the cytoplasm and nucleus of HepG2 cells
transfected with siRNA [P < 0.001, Figure 4B(L) vs
Figure 4B(R)]. The incidence of NF-κB/p65 expression
decreased significantly in the cytoplasm of HepG2 cells
with siRNA transfection but not in nucleus of HepG2
cells (Figure 4C), as confirmed by Western blotting.

HepG2 cells with siRNA sensitized to doxorubicin

The effects of human HepG2 cell viability with
doxorubicin are shown in Figure 5A. The viability
of HepG2 cells was analyzed after the cells were
incubated with different doses of doxorubicin for 24 h.
Drug cytotoxicity in HepG2 cells was dose-dependent,
and the IC50 was between 0.5-1.0 μmol/L during 24
h. The viability of HepG2 cells with combination siRNA
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Figure 5 The viability of human HepG2 cells with doxorubicin after
nuclear factor-κB/p65 siRNA transfection. A: The effects of doxorubicin
on HepG2 cells by MTT assay during a 24 h period. All values are means of
independent triplicate experiments. Dox, doxorubicin; B: Nuclear factor-κB (NFκB)/ siRNA inhibition of NF-κB/p65 sensitized the HepG2 cells to doxorubicin,
1, control; 2, 0.5 μmol/L of doxorubicin for 48 h; 3, negtive siRNA for 24 h, then
added 0.5 μmol/L of doxorubicin for another 24 h; 4, 100 nmol/L of NF-κB/p65
siRNA for 24 h, then added 0.5 μmol/L of doxorubicin for another 24 h. Data
were derived from three independent experiments (n = 3).

transfection and doxorubicin is shown in Figure 5B.
Viability in cells treated with doxorubicin (0.5 μmol/L)
for 24 h was reduced to 51% compared with the
control group. In cells transfected with negative siRNA
for 1 d and then treated with doxorubicin for 1 d,
the cell viability was reduced to 47% compared with
control. There was no significant difference between
the doxorubicin only group and the combination
negative-siRNA and doxorubicin group. In cells
transfected with siRNA for 1 d and then treated with
doxorubicin for 1 d, the cell viability was reduced to
23%. The cell viability with siRNA and doxorubicin was
significantly lower than that in the doxorubicin only
group (P < 0.001). In HepG2 cells transfected with
siRNA and treated with doxorubicin, the expression of
NF-κB/p65, P-p65, and P-gp was decreased relative to
doxorubicin treatment alone.

DISCUSSION
HCC is one of the most common cancers and one of the
[24,25]
most resistant tumors to systemic chemotherapy
.
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Chronic infections with HBV and HCV are etiologically
linked to hepatitis, liver cirrhosis, and HCC. Both viruses
may induce activation of NF-κB in hepatocytes, which
plays a crucial role in the regulation of cell growth
[26-28]
and apoptosis
. NF-κB signaling complexes in
both viruses in HCC tumor and non-tumor tissues
may disclose possible common mechanisms in
[29,30]
hepatocarcinogenesis
. NF-κB and P-gp are
important mediators of chemotherapy-induced cell
death. In the present study, we evaluated siRNAmediated inhibition of NF-κB expression and application
of chemotherapy to explore the anti-cancer effect on
HepG2 cells.
Doxorubicin is a topoisomerase Ⅱ inhibitor and can
destruct the synthesis of DNA, induce NF-κB activation,
[31,32]
and inhibit cell apoptosis
. The viability of HepG2
cells was analyzed in cells incubated with different
doses of doxorubicin for 1 d. However, extracellular
stimulation, including antineoplastic agents, mito
gens, hormones, cytokines, and growth factors, can
upregulate the expression of the MDR gene. We
showed TNF-α can induce NF-κB expression, as shown
by the time-dependent increase of NF-κB/p65 in
HepG2 cells incubated with TNF-α (10 ng/mL) (Figure
1). In addition, P-p65, the active form of NF-κB/p65
536
that is phosphorylated at Ser
of the C-terminal
transactivation domain during the phosphorylation and
degradation of IκB, was increased with 24 h of TNF-α
[13]
treatment . Our results indicated that HCC is a tumor
with high NF-κB expression.
In the process of liver formation or liver rege
neration, activity of MDR1 is abnormal. The human
MDR gene family includes two members, MDR1
and MDR2, and abnormally regulated MDR1 is
[15,17]
closely linked to the MDR phenotype
. NF-κB
was moderately expressed in resting HepG2 cells. In
cells treated with doxorubicin, NF-κB/p65 and P-p65
expression was significantly and dose-dependently
increased (Figure 2A). However, the P-gp expression
in HepG2 cells was related to drug dose and treatment
duration. Interestingly, the expression of P-p65 at 24 h
was 6-fold to 7-fold higher than that at 4 h (Figure 2B
and C). Doxorubicin induced P-gp expression in HepG2
cells, whereas the control HepG2 cells expressed
very low P-gp. The first exon of MDR gene promoter
contains the NF-κB binding sequence, and a variety of
chemotherapeutic drugs can induce formation of MDR
phenotype in malignant cells that restrict the efficacy
of drugs. These data suggest that activated P-gp is
involved in the formation of the MDR phenotype.
NF-κB activation in tumor cells was resistant
[16]
to doxorubicin-based chemotherapy . The NFκB/p65 pathway acts as a bridge in the process of
doxorubicin-mediated upregulation of P-gp expression.
The expression of NF-κB/p65, P-p65, and P-gp was
significantly downregulated in HepG2 cells transfected
with siRNA (Figure 3) compared with cells in the
control or doxorubicin alone groups. The mRNA
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expression of NF-κB/p65 and NF-κB/p65 in HepG2
cells before and after siRNA transfection was also
significantly different (Figure 4). The NF-κB/p65 mRNA
expression or the ratio of NF-κB/p65 mRNA to GAPDH
was significantly higher in HepG2 cells than that in LO2
cells before siRNA transfection. After HepG2 cells were
transfected with siRNA, positive NF-κB/p65 expression
decreased significantly in cytoplasm but not in nucleus,
suggesting that inhibiting NF-κB activity can enhance
the cytotoxicity of drugs in liver cancer cells.
It is speculated that doxorubicin-induced upre
gulation of MDR expression is mediated by activation
[33,34]
of the NF-κB signaling pathway
. The drug
cytotoxicity on HepG2 cells was dose-dependent,
with an IC50 between 0.5-1.0 μmol/L (Figure 5A). In
order to confirm this conjecture, p65-specific siRNA
was designed and transfected in HepG2 cells. The cell
viability of HepG2 cells with negative-siRNA treated
with doxorubicin was reduced to 47% (Figure 5B),
whereas viability of cells with NF-κB/p65-siRNA treated
with doxorubicin was reduced to 23%, suggesting that
siRNA-mediated inhibition of NF-κB/p65 downregu
lated P-gp expression, decreased formation of MDR
[3]
phenotype, and sensitized tumor cells to drug .
NF-κB signaling pathway could be a potential target
for the design of highly effective therapeutic agents
[35,36]
for the chemoprevention of HCC
. Specific siRNA
combined with doxorubicin can enhance doxorubicin
cytotoxicity to HepG2 cells by downregulating NFκB and P-gp expression. Furthermore, stable NF-κB
inhibition and chemosensitization can significantly
inhibit tumor cell proliferation. Thus, the modulation
of NF-κB may represent an advance in HCC the
rapy efficacy and is worthy of further research and
investigation.

which promotes cell apoptosis and blocks cell cycling.

Innovations and breakthroughs

Hepatic NF-κB signaling pathway could be a potential target for designing
highly effective therapeutic agents and chemoprevention of HCC. Specific
siRNA combined with doxorubicin could enhance the doxorubicin cytotoxicity
to human HepG2 cells by downregulating NF-κB and P-glycoprotein (P-gp)
expression. Stable NF-κB inhibition and chemo- sensitization could significantly
inhibit tumor cell proliferation. Thus, the modulation of NF-κB might represent
an improvement in HCC therapy efficacy, and it is worthy of further research
and investigation.

Applications

Tumorigenic protein (HBx or core protein of HCV) activates a variety of
signaling pathways, including NF-κB activation and TNF-α. Abnormal
activation of NF-κB modulates the transcription and expression of many
genes in hepatocarcinogenesis. Understanding the role of NF-κB, a master
regulator of inflammation and cell death, in the development of hepatocellular
injury, liver fibrosis, and HCC, with a particular focus on the role of NF-κB
in different cellular compartments of the liver is important. The application of
NF-κB/p65 siRNA is an effective strategy for inhibiting HepG2 cell growth by
down-regulating P-gp expression towards chemosensitization and apoptosis
induction.

Terminology

NF-κB is formed by five subunits, p65, Rel B, C-Rel, p50, and p52. The
p50/p65 dimers play the common biological role, and it can be activated by
chemotherapy drugs, cytokines, and viruses induced into nucleus. NF-κB acts
as a central link between hepatic injury, fibrosis, and HCC, and it may represent
a target for the prevention or treatment of liver fibrosis and HCC. NF-κB acts
as a two-edged sword, and its inhibition may not only exert beneficial effects
but also negatively impact hepatocyte viability. Finding appropriate targets
or identifying drugs that either exert only a moderate effect on its activity or
that can be specifically delivered to nonparenchymal cells will be essential to
avoid the potential increase in liver injury associated with NF-κB blockade in
hepatocytes.
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Abstract
AIM: To investigate whether heat shock pretreatment
(HSP) improves mesenchymal stem cell (MSC) repair
via autophagy following hepatic ischemia-reperfusion
injury (HIRI).
METHODS: Apoptosis of MSCs was induced by 250
mM hydrogen peroxide (H2O2) for 6 h. HSP was carried
out using a 42 ℃ water bath for 1, 2 or 3 h. Apoptosis
of MSCs was analyzed by flow cytometry, and Western
blot was used to detect Bcl-2, Bax and cytochrome C
expression. Autophagy of MSCs was analyzed by flow
cytometry and transmission electron microscopy, and
the expression of beclin Ⅰ and LC3-Ⅱ was detected
by Western blot. MSCs were labeled in vivo with the
fluorescent dye, CM-Dil, and subsequently transplanted
into the portal veins of rats that had undergone HIRI.
Liver levels of proliferating cell nuclear antigen (PCNA)
were quantified by fluorescent microscopy. Serum
aminotransferase activity and the extent of HIRI were
also assessed at each time point.
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RESULTS: HSP for 2 h reduced apoptosis of MSCs
induced by H2O2 as seen by a decrease in apoptotic
rate, a decrease in Bax and cytochrome C expression
and an increase in Bcl-2 expression (P < 0.001). In
addition, HSP for 2 h induced autophagy of MSCs
exposed to H2O2 as shown by an increase in acidic
vesicular organelle-positive cells, beclin 1 and LC3-Ⅱ
expression, and autophagosome formation (P < 0.05).
Treatment with 3-methyladenine attenuated HSPinduced autophagy and abolished the protective effects
of HSP on the apoptosis of MSCs. Rapamycin failed to
have additional effects on either autophagy or apoptosis
compared with HSP alone. The phosphorylation of
p38MAPK was significantly elevated and the pho
sphorylation of mTOR was downregulated in heat
shock pretreated MSCs. Treatment with the p38MAPK
inhibitor, SB203580, reduced HSP-induced autophagy in
MSCs. In vivo studies showed that the transplantation
of HSP-MSCs resulted in lower serum aminotransferase
levels, lower Suzuki scores, improved histopathology
and an increase in PCNA-positive cells (P < 0.05).
CONCLUSION: HSP effectively induces autophagy
following exposure to H2O2 via the p38MAPK/mTOR
pathway, which leads to enhanced MSC survival and
improved MSC repair following HIRI in rats.
Key words: Hepatic ischemia-reperfusion injury; Heat
shock pretreatment; Mesenchymal stem cells; Autophagy;
Transplantation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the interaction between
autophagy and apoptosis in mesenchymal stem cells
(MSCs) exposed to H2O2. We found that heat shock
pretreatment (HSP)-induced autophagy served as
a protective mechanism. HSP for 2 h improved the
therapeutic potential of MSCs in the treatment of
ischemia-reperfusion (I/R) injury in rats and enhanced
autophagy via the p38MAPK/mTOR pathway, which
is involved in the protective effects of HSP on H2O2induced MSC apoptosis. Systemic administration
led to an increase in HSP-MSCs homing to I/R liver
cells compared with MSCs, resulting in a significant
improvement in liver function, accelerated mitogenic
response and alleviation of histopathological damage.
Qiao PF, Yao L, Zhang XC, Li GD, Wu DQ. Heat shock
pretreatment improves stem cell repair following ischemiareperfusion injury via autophagy. World J Gastroenterol 2015;
21(45): 12822-12834 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i45/12822.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i45.12822

INTRODUCTION
During surgical trauma, particularly liver transplantation,
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hepatic ischemia-reperfusion injury (HIRI) may occur,
which is associated with a significant reduction in liver
[1,2]
function . Effective treatment strategies aimed at
reducing HIRI may therefore offer major benefits in
hepatic surgery and liver transplantation. A previous
study demonstrated the specific involvement of bone
marrow mesenchymal stem cells (MSCs) in the repair
[3]
of HIRI . However, due to local hypoxia, inflammation,
and especially oxidative stress in the targeted tissue,
the transplanted MSCs did not withstand the difficult
microenvironment caused by ischemia-reperfusion (I/R)
injury. Thus, low cell survival reduced the therapeutic
[4]
effect . It was also reported that < 1% of transplanted
MSCs survived to the fourth day in an immunodeficient
[5]
mouse heart model . The poor MSC survival rate
was also observed after transplantation into lungs and
[6,7]
kidneys with I/R injury . Therefore, it is imperative
to protect MSCs from oxidative stress and other proapoptotic factors to improve their therapeutic effect.
Heat shock pretreatment (HSP) is known to
activate certain types of self-protective proteins and
protects cells in vitro from various environmental
[8-10]
insults
. Several reports have shown that HSP
of transplanted cells enhanced their survival in a
[11,12]
heart model both in vivo and in vitro
. Thus, we
hypothesized that HSP of MSCs could enhance their
survival following transplantation into the liver after
I/R injury. Recently, the induction of autophagy was
shown to be a novel method of protecting MSCs from
[13,14]
apoptosis
. Several reports have shown that heat
shock treatment can activate autophagy in multiple cell
[15,16]
types
. However, it is unknown whether autophagy
can be activated by heat shock treatment or how it
affects MSCs.
Autophagy is an essential cellular mechanism
[17,18]
that occurs in eukaryotic cells
. In recent years,
it has been found that autophagy plays a vital role
in cell apoptosis and its role depends on cell type
and cellular conditions. Autophagy can lead to prosurvival pathways, while inappropriate autophagy can
[19]
induce cell death . Under ischemia or hypoxia/serum
deprivation (H/SD), autophagy can protect MSCs from
apoptosis by eliminating reactive oxygen species and
[13,20]
damaged organelles to provide energy
. Moreover,
H/SD-induced autophagy has also been demonstrated
to induce apoptosis in some cell types. Autophagy
can also directly promote type Ⅱ programmed cell
[21]
death . However, the functional role of autophagy
in oxidative stress-induced apoptosis in MSCs has not
been fully elucidated.
Mitogen-activated protein kinase (p38MAPK) is
a positive regulator of autophagy and is regulated
by heat shock treatment to improve cardiac cell
[8]
survival . p38MAPK can be activated in response to
exogenous stress such as hypoxia, starvation and
heat shock, which in turn activates mitogen-activated
protein kinase kinases (MKK)-3/4/6 and their effector
[22]
kinases to stimulate autophagy . However, little is
known about the function of the p38MAPK pathway
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in regulating the activation of autophagy in MSCs
following heat shock treatment.
The aim of this study was to examine the function
of autophagy in MSC apoptosis induced by oxidative
stress injury. Further, we investigated whether HSP
activates autophagy via the p38MAPK/mTOR pathway
to protect MSCs against apoptosis.

MATERIALS AND METHODS
Animals

Thirty-two male Sprague-Dawley rats (about 220 g; 10
wk old) from the Animal Center of the Second Affiliated
Hospital, Harbin Medical University were used in this
study. The rats were cared for in accordance with the
guidelines published by the US National Institutes of
Health. All study procedures were approved by the
Harbin Medical University Institutional Animal Care
and Use Committee. The study was conducted in
compliance with the Guide for the Care and Use of
Laboratory Animals published by the National Academy
Press.

Cell culture and treatment

[3]

MSCs were collected as previously described , and
[23]
density centrifugation was performed to isolate MSCs .
The femurs and tibias from male Wistar rats aged 4 wk
were flushed, and bone marrow cells were collected and
then fractionated in Lymphoprep™ density solution.
Following centrifugation at 800 × g for 20 min, the
cells at the interface were collected and cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco,
United States) containing 10% fetal bovine serum
and 1% penicillin/streptomycin. Cells were incubated
at 37 ℃ with 95% humidity and 5% CO2. After 48
h, the culture medium was changed to remove
non-adherent cells. After the fourth passage, MSCs
were washed with phosphate buffered saline (PBS),
exposed to HSP for different time periods (1, 2 or 3
h) in a 42 ℃ water bath and then incubated at 37 ℃
in a humidified atmosphere containing 5% CO2 for
24 h (HSP-MSC group). Control cells were cultured
under normal conditions without HSP (MSC group).
To simulate tissue I/R microenvironment in vitro,
MSCs were treated with 250 mM H2O2 (Sigma-Aldrich,
[24,25]
United States) for 6 h
. The autophagy inhibitor,
3-methyladenine (3-MA; 5 mM; Sigma-Aldrich,
United States), the autophagy promoter, rapamycin
(10 nM; Cell Signaling Technology, United States), or
the p38MAPK inhibitor, SB203580 (5 mM; Beyotime,
China), was added to further examine the role of
autophagy on MSC apoptosis.

Evaluation of autophagy and apoptosis by flow
cytometry

Cell apoptosis was examined using the Annexin V-FITC/
PI Kit (Becton-Dickinson, United States). Briefly,
MSCs were collected in 200 mL medium. Following
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resuspension, approximately 10 mL of Annexin V
solution were added and incubated for 15 min at room
temperature in the dark. Then, 300 mL medium buffer
and 5 mL propidium iodide (PI) were added and the
cell suspension was incubated for 15 min at room
temperature in the dark. The cell suspension was then
immediately analyzed by flow cytometry (BectonDickinson, United States). Cell Quest software was
4
used to analyze 10 cells.
Cell autophagy was examined by detecting acidic
vesicular organelles (AVO) using acridine orange
(AO) stain (Solarbio, China) according to published
[26]
protocols . Briefly, cells were stained with 1 mg/mL
AO for 15 min and collected in PBS. In AO-stained
cells, the cytoplasm fluoresces bright green, whereas
AVOs, including lysosomes and autolysosomes,
fluoresce bright red. The green (510-530 nm) and
4
red (650 nm) fluorescence emission from 10 cells
illuminated with blue (488 nm) excitation light was
measured by flow cytometry using Cell Quest software.

Transmission electron microscopy

MSCs were harvested and fixed with 2.5% glutaral
dehyde at 4 ℃ for 2 h. Cells were then suspended in
PBS containing 1% osmic acid at 4 ℃ for 2 h, Following
[13]
dehydrating and embedding , ultrathin sections were
prepared on uncoated copper grids using an Ultrotome
(Leica, Reichert Ultracuts) and stained with uranyl
acetate and lead citrate. Images were captured using a
transmission electron microscope (JEM1230; JEOL).

Western blot

Protein lysates were separated using SDS-PAGE and
transferred to nitrocellulose membranes (Amersham
Pharmacia Biotech, United States). Membranes were
probed with the appropriate primary antibodies
®
(Supplemental Table 1). Alexa Fluor 680 donkey anti®
mouse IgG (H + L) or Alexa Fluor 680 donkey antirabbit IgG (H + L) were used as secondary antibodies
(1:5000; Invitrogen, United States). Fluorophores
were detected using the Odyssey™ Infrared Imaging
System (Li-Cor, Lincoln, NE, United States).

Labeling of MSCs

The transplanted MSCs were labeled with 10 µmol/
L CM-Dil (Invitrogen, United States) according to
[27]
published protocols .

Model of HIRI and cell transplantation

HIRI in the rat model was performed as previously
[3]
described . Briefly, a midline laparotomy was
performed following anesthesia administration with
intraperitoneal sodium pentobarbital (60 mg/kg).
The left lateral and medial lobes of the liver were
then clamped at their bases using an atraumatic clip.
Ischemia was induced in 70% of the segmental liver
[28]
and prevented ischemia in the mesenteric veins .
Throughout the administration of anesthesia, body
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temperature was monitored by a rectal probe and
maintained at 37 ℃ by a heating lamp. The clamp
6
was removed after 60 min, and 1 × 10 CM-Dil-labeled
MSCs or HSP-MSCs suspended in 200 µL PBS were
immediately transplanted into the portal vein using
a 30-gauge needle, in the MSC group and HSP-MSC
group, respectively. The control group underwent
laparotomy only and received 200 µL PBS. The 32 rats
were randomly divided into 4 groups. At 24 h after
transplantation, 2 mL blood was harvested from the
inferior vena cava before the animals were sacrificed
by cervical spine dislocation. Livers were harvested
immediately.

Immunofluorescence microscopy

The chest was opened following tracheal intubation
and the rats were perfused with 4% paraformaldehyde
(Sigma-Aldrich, United States) in 0.01 M PBS following
an overdose of anesthesia (sodium pentobarbital; 100
[29]
mg/kg, intraperitoneal) for 2 min . Harvested livers
were cryopreserved in 30% sucrose at 4 ℃ overnight,
embedded in optimal cutting temperature (OCT)
compound, and cut into 4 µm-thick sections using a
cryostat. The sections were rinsed twice with PBS,
fixed in 4% paraformaldehyde for 20 min at room
temperature, and washed three times with PBS. After
permeabilization with 0.2% Triton X-100, the sections
were blocked at 4 ℃ overnight in 1% BSA/0.05%
Triton X-100. Sections were then incubated with
an antibody against PCNA (1:200) at 37 ℃ for 2 h.
After washing three times with PBS, the sections
®
were incubated with Alexa Fluor 488-conjugated
Affinipure goat anti-rabbit IgG (H + L) secondary
antibody (1:200; ZSGB-Bio, China) for 1 h at room
temperature. After extensive washing, the sections
[30]
were examined under a fluorescence microscope .

Measurement of liver function

To evaluate the severity of HIRI, the serum levels
of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were measured by an automatic
[31]
analyzer (Hitachi, Japan) as described previously .

Immunohistochemical staining

Tissue sections of 1.5 cm × 1.5 cm × 2 mm were
subjected to immunohistochemical staining to assess
PCNA 24 h after cell transplantation. Immunohis
tochemical staining of sections for PCNA expression
was performed by a standard streptavidin-biotin
[32]
peroxidase complex method . Tissue sections (4
mm) were deparaffinized and rehydrated by standard
protocols, autoclaved at 95 ℃ for 20 min, and cooled
to 30 ℃ . Normal rabbit serum (10%) was used to
block non-specific binding sites. Sections were then
incubated with anti-PCNA primary antibody (1:100)
in PBS containing 1% bovine serum albumin at 4 ℃
overnight. The sections were washed in PBS, incubated
with biotinylated anti-rabbit IgG for 30 min at room
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temperature, and then a streptavidin-biotin peroxidase
complex solution (Nichirei, Japan). The chromogen,
3, 3’-diaminobenzidine tetra-hydrochloride, was
used as a 0.02% solution containing 0.005% H2O2
in 50 mmol/L ammonium acetate-citrate acid buffer
(pH 6.0). Sections were counterstained with Mayer’
s hematoxylin and mounted. Negative controls were
established by replacing the primary antibody with
normal rabbit serum. No staining was detected in the
negative controls.

Histological analysis

The degree of HIRI was assessed by histological
[3]
analysis as previously described .

Statistical analysis

The data were expressed as the mean ± SD, and
representative results were from at least three
independent experiments. For quantitative continuous
data, the differences between two groups were
examined and the data were analyzed using t-tests.
When multiple comparisons were possible, ANOVA
coupled with Tukey’s post-hoc test correction was
used. P < 0.05 was considered statistically significant.
Statistical analyses were carried out using SPSS
version 21 (SPSS Inc., Chicago, IL, United States) or
the GraphPad Prism 5.0 software package (GraphPad
Software, Inc., La Jolla, CA, United States).

RESULTS
Heat shock pretreatment protected MSCs exposed to
H2O2 against apoptosis

The apoptotic rate and levels of the pro-apoptotic
proteins, Bax and cytochrome C, were all reduced.
The anti-apoptotic protein, Bcl-2, was increased in the
HSP1h and HSP2h groups compared to the control and
H2O2 group (Figure 1; P < 0.01). However, in the HSP3h
group, the apoptotic rate and expression of Bax and
cytochrome C were increased, while Bcl-2 expression
was reduced (Figure 1; P < 0.01). These results
suggest that 2 h of HSP protected MSCs from H2O2induced apoptosis.

HSP induced time-dependent autophagy in MSCs

To examine whether HSP activated autophagy in
MSCs, the cells were pretreated with heat shock
for 1, 2 or 3 h, and then exposed to H2O2 for 6 h.
The number of AVO-positive cells identified by flow
cytometry was increased in the HSP group compared
with the control group (Figure 2A; P < 0.05). Different
durations of HSP led to a time-dependent increase
in the action of autophagy in MSCs exposed to H2O2,
which peaked in the HSP3h group (P < 0.01). HSPMSCs showed a significant time-dependent increase in
the expression of LC3B-Ⅱ and the autophagic marker,
beclin 1, compared to the control group (Figure 2D).
Autophagosomes observed in HSP-MSCs exposed to
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Figure 1 Heat shock pretreatment protected mesenchymal stem cells from apoptosis induced by H2O2. Apoptosis was analyzed using flow cytometry (A) and
Western blot (B). The apoptotic rate and pro-apoptotic proteins Bax and cytochrome C were reduced, while the anti-apoptotic protein Bcl-2 was increased in the HSP1h
and HSP2h group, particularly in the HSP2h group (P < 0.01). However, the apoptotic rate, and both Bax and cytochrome C were increased, while Bcl-2 was reduced in
the HSP3h group. The data represent the results of three separate experiments. bP < 0.01 compared with the normal control group; cP < 0.05, dP < 0.01 compared with
the H2O2 group. HSP: Heat shock pretreatment.

H2O2 are shown in Figure 3. These results suggest that
HSP promoted autophagic activity in MSCs exposed to
H2O2 in a time-dependent manner.

HSP protects MSCs against H2O2-induced apoptosis by
activating autophagy

We found that HSP2h achieved the greatest protective
effect against H2O2-induced apoptosis using flow
cytometry and Western blot (Figure 1). To determine
the role of autophagy in MSCs, we exposed cells
to HSP for 2 h with 3-MA or rapamycin and H2O2
treatment for 6 h, and assessed autophagy and the
apoptotic rate. Following 6 h of H2O2 treatment, 3-MA
attenuated both the activation of autophagy and the
anti-apoptotic capacity in MSCs treated with heat shock
for 2 h, as shown by fewer AVO-positive MSCs (Figure
2C), lower expression of LC3-Ⅱ and beclin 1 (Figure
4B) and fewer autophagosomes in MSCs (P < 0.01;
Figure 3). In addition, a higher apoptotic rate (Figure
4A), increased expression of Bax and cytochrome C,
and decreased expression of Bcl-2 (Figure 4B) were
found compared with the control group (P < 0.01) and
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the HSP2h group (P < 0.05). In addition, rapamycin
failed to have any effect on autophagic activity and the
apoptotic rate in MSCs pretreated with heat shock for 2
h. These results indicated that activation of autophagy
by HSP for 2 h may serve as a protective mechanism
against apoptosis in MSCs exposed to H2O2.

The p38MAPK/mTOR pathway is involved in HSPinduced autophagy

To investigate whether HSP induced autophagy by
activating the p38MAPK pathway, the p38MAPK
inhibitor, SB203580, was used and the levels of
autophagy were evaluated in HSP-MSCs exposed
to H2O2. The results revealed that the expression of
p38MAPK and mTOR did not significantly change in
any of the groups. However, the phosphorylation of
p38MAPK was upregulated and the phosphorylation
of mTOR was downregulated in the HSP2h group
compared with the control group (Figure 5). SB203580
reduced autophagy in the HSP2h group, as shown by
a decrease in the number of AVO-positive MSCs (P <
0.05) (Figure 2C), expression of LC3-Ⅱ and beclin 1
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Figure 2 Autophagy was determined by acidic vesicular organelle-positive mesenchymal stem cells (labeled in the circle) using a fluorescent dye (AO)
and flow cytometry. A: Different periods of heat shock pretreatment (HSP) ranging from 1 to 3 h led to a time-dependent increase in autophagy in mesenchymal
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Figure 3 Representative electron micrographs demonstrating autophagic vacuole formation in each group. The arrows indicate the double-membrane
vacuoles digesting organelles or cytosolic contents.

(Figure 5) and autophagosome formation (Figure 3).
Furthermore, treatment with SB203580 abrogated the
effects of p38MAPK phosphorylation, but failed to have
any effect on the phosphorylation of mTOR. These
data suggested that the p38MAPK/mTOR signaling
pathway had a stimulatory role in the effects of HSP
on MSC autophagy under H2O2 conditions.

HSP increased the homing and survival rate of
transplanted MSCs to I/R livers in vivo

We then investigated the survival rate and homing
of transplanted MSCs to livers. Representative
fluorescence microscopic images of MSCs after
transplantation are shown in Figure 6. CM-Dil-labeled
cells were detected only in sections that received
transplanted MSCs. The total number of doublepositive MSCs labeled by CM-Dil and PCNA in the HSP-
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MSC-treated group was higher than that in the MSCtreated group (P < 0.05). CM-Dil-labeled MSCs also
showed PCNA reactivity.

HSP improved the therapeutic potential of MSCs in the
treatment of HIRI in rats

Twenty-four hours after MSC transplantation, liver
function was assessed by serum AST and ALT levels.
Compared with the control group, transplantation
of MSCs improved liver function in rats. However,
HSP-MSC-treated rats had lower AST and ALT levels
compared with MSC-treated animals (Figure 7A; P <
0.05). A histological score was then assigned to the
liver and the expression of PCNA was examined 24
h after transplantation. As expected, all I/R-induced
livers showed sinusoidal congestion, cytoplasmic
vacuolization and focal necrosis, which are indicative

12828

December 7, 2015|Volume 21|Issue 45|

Qiao PF et al . HSP improves MSC survival

A

H2O2 + HSP 2 h
+ 3-MA

4

3

10

Q1

Q2

2.40%

27.7%

3

10

2

10

1

10
Q4

Q3

27.1%

42.8%

0

1

3

3

4

Normal

4

10

2

0

  10      10     10     10

PI

10

10

10

Q2

80
b, d

0.00%

1.00%

3

1

10

10

0

2

1

3

2

3

H2O2
Q2

6.05%

29.3%

10

3

10

1

10

10

H2O2 + HSP 1 h

4

Q1

10

0

4

  10      10     10     10

4

  10      10     10     10

Q1

Q2

0.023%

4.75%

1

Q3

49.2%
0

10

Q4

15.4%
1

2

3

82.6%

0

10

4

  10      10     10     10

Q3

0

10

12.6%
1

2

3

4

  10      10     10     10

Annexin V

B

60
b
40
b

20

a

2

Q4

4.98%
1

12.3%

2

Q3

94.0%

10

Q3

86.5%
0

10
10

Q4

Q4

10

10

2

0

1.25%

4

Q1

10

10

Q2

0.00%

1

10
10

Q1

2

10

0

H2O2 + HSP 2 h
+ rapamycin

4

10

Cell apoptosis (%)

10

0
H2O2
HSP 2 h
3-MA
Rapamycin

-

+
-

+
  +
     -

+
+
  +
-

+
+
+

LC3-Ⅰ
LC3-Ⅱ
Beclin 1
Bax

Cytochrome C
Bcl-2
b-actin
H2O2
HSP 2 h
3-MA
Rapamycin

-

+
-

+
  +
     -

+
+
  +
-

+
+
+

Figure 4 Inhibition of autophagy abrogated the effects of heat shock pretreatment on apoptosis reduction in mesenchymal stem cells exposed to H2O2
treatment. A: Flow cytometry indicated that 3-MA significantly increased the apoptotic rate in heat shock pretreatment (HSP)-treated mesenchymal stem cells; B:
Western blot showed that 3-MA significantly increased Bax and cytochrome C expression, and decreased Bcl-2, LC3-Ⅱ and beclin 1 expression. The data represent
the results of three separate experiments. aP < 0.05, bP < 0.01 compared with the control group; dP < 0.01 compared with the HSP2h group.

of severe damage. When compared with the I/R
control group and the MSC-treated group, the HSPMSC-treated group showed significantly improved
histopathology and lower Suzuki scores 24 h after
transplantation (Figure 7B). Moreover, compared with
the I/R control group and PBS-treated rats, the livers
from HSP-MSC-treated and MSC-treated rats showed
a significantly increased number of PCNA-positive
cells. Interestingly, the number of PCNA-positive cells
in livers from HSP-MSC-treated rats was significantly
increased compared with MSC-treated rats (Figure 7C;
P < 0.05).

DISCUSSION
In the present study, we investigated the interaction
between autophagy and apoptosis and the protective
mechanism of autophagy activation by HSP in MSCs
exposed to H2O2. Our results show that HSP for 2 h
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improves the therapeutic potential of MSCs in the
treatment of HIRI in rats and enhances autophagy via
the p38MAPK/mTOR pathway, which partly acted in
the protective role of HSP on MSC apoptosis induced
by H2O2. When administered systemically, more
viable HSP-MSCs homed to the I/R liver compared
with MSCs, which led to a significant improvement
in liver function, an accelerated mitogenic response
and alleviation of histopathological damage in the rat
model.
In a previous study, we found that transplanted
MSCs attenuated HIRI by suppressing oxidative
[3]
stress and inhibiting apoptosis in rats . However,
the I/R microenvironment is detrimental to graft
cells and induces cell death, thereby attenuating the
[5-7]
therapeutic effect of stem cell transplantation
.
Implanted MSCs must have a long life to ensure longterm MSC-based therapy in I/R tissues. It has been
reported that short-term HSP can significantly improve
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Figure 5 The p38MAPK/mTOR pathway was involved in autophagy
activation by heat shock pretreatment in mesenchymal stem cells. Western
blot showed that p-p38MAPK was upregulated and p-mTOR was downregulated
by heat shock pretreatment (HSP) in mesenchymal stem cells. The p38MAPK
inhibitor, SB203580, counteracted the effects of HSP on LC3-Ⅱ, beclin 1 and
p-p38MAPK expression. The data represent the results of three separate
experiments.

the viability of transplanted cells and thus enhance
[10,11]
their tissue repairing capabilities in I/R tissue
. As
H2O2 was previously shown to be a critical mediator
[24,32]
of I/R-induced cell death
, we induced a HIRI
microenvironment by treating MSCs with H2O2 to
investigate the function of HSP in vitro. We found
that HSP for 2 h resulted in the most significant antiapoptotic effects in MSCs exposed to H2O2 compared
to the other groups. In addition, H 2O 2-induced
apoptosis of MSCs was aggravated in the HSP3h group
(Figure 1). More importantly, exposure to HSP for 2
h before transplantation enhanced the survival rate
and therapeutic outcome of MSCs in vivo. These data
suggest that HSP at 42 ℃ for 2 h was the optimal
period for improving the effect of MSCs transplantation
in the repair of HIRI in rats. The HSP procedure is a
simple method to improve implanted cell survival with
little risk and can be performed not only in the liver,
but also other organs.
Autophagy has been implicated in many processes,
including cell differentiation, growth, development and
[33]
survival . Autophagy can be activated by various
[25]
stresses involved in mediating cell survival or death .
In the present study, we found that HSP ranging from
1 to 3 h leads to a time-dependent increase in the
action of autophagy in MSCs exposed to H2O2 (Figure
2A and D; Figure 3). In addition to the anti-apoptotic
effect of HSP in MSCs, these findings suggest that
autophagy induced by HSP for 2 h results in the most
significant anti-apoptotic effect in MSCs exposed to
H2O2. We therefore performed HSP for 2 h to examine
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the effect of H2O2-induced apoptosis and the protective
effect of autophagy against apoptosis in MSCs. The
protective effect of autophagy against apoptosis has
[34]
previously been reported in models of I/R injury ,
including a model using H2O2. One well-established
view is that appropriate autophagy is essential for cell
[35]
[20]
survival . More recently, Herberg et al
reported
that the SDF-1/CXCR4 axis plays a key role in
mediating MSC survival exposed to H2O2 by activating
autophagy. Consistent with these results, our data
show that the autophagy inhibitor, 3-MA, abrogates
the anti-apoptotic effect observed in the HSP2h group,
and the autophagy inducer, rapamycin, does not
reduce apoptosis of MSCs exposed to H2O2. These
data suggest that moderate activation of autophagy
mediated by HSP for 2 h may play a critical role in HSP
to improve the survival of MSCs exposed to H2O2. It is
known that autophagy is considered a double-edged
sword in terms of cell survival. Moreover, we found
that the activation of autophagy by HSP in MSCs is not
paralleled by a corresponding increase in tolerance to
H2O2-induced apoptosis. HSP for 1 and 2 h induced
autophagy, which was an anti-apoptosis mechanism
rather than a pro-apoptosis pathway in MSCs exposed
to H2O2. Prolonged or excessive autophagy, which
was mediated by HSP for 3 h, may digest essential
components and lead to cell death. Thus, activation of
autophagy may be a new mechanism in the process of
HSP protecting MSCs from H2O2-induced apoptosis.
p38MAPK appears to have a dual role in that it has
a positive or negative role in autophagy depending on
[36-39]
conditions, cell type or type of cell stress
. In the
present study, we assessed p38MAPK/mTOR pathway
activation levels to determine the mechanisms
underlying HSP-induced autophagy in MSCs exposed
to H2O2. Interestingly, we found that HSP for 2 h
increases p38MAPK activation and correspondingly
alleviates mTOR activation. Moreover, p38MAPK
inhibition abrogates autophagy induced by HSP for 2
h, but does not significantly impair mTOR suppression.
In addition, our results indicate that treatment with
rapamycin does not further induce autophagy of MSCs
compared with HSP alone in the presence of H2O2,
indicating that HSP may be involved in the same
mechanism as rapamycin to activate autophagy in
MSCs. These data suggest that the p38MAPK/mTOR
signaling pathway may be involved in the mechanism
of HSP-induced autophagy in MSCs exposed to H2O2.
To confirm the observations in the in vitro assay,
we investigated the protective effect of HSP on MSCs
in vivo. We determined the extent of MSCs localized
in I/R livers of the recipient group by counting the
number of CM-Dil fluorescent-labeled cells. It is well
established that PCNA, which is synthesized in the
cell nucleus, is a nuclear antigen related to the cell
life cycle. PCNA is expressed in the G1 and S phases,
and performs the essential function of providing
replicative DNA polymerases in eukaryotic cells. The
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Figure 6 Heat shock pretreatment increases the homing and survival rate of transplanted mesenchymal stem cells in I/R livers in vivo. CM-Dil-labeled positive
cells (red color, B1, C1), PCNA-conjugated with FITC (green color, B2, C2) and their co-localization (yellow color, B3, C3) were detected by immunofluorescence
microscopy, respectively (magnification × 100). The total number of double-positive cells labeled by CM-Dil and PCNA in the heat shock pretreatment-mesenchymal stem
cell (MSC)-treated group was higher than that in the MSC-treated group. The arrows indicate positive stained cells by CM-Dil, PCNA or their co-localization, respectively.
The data represent the results of three separate experiments.
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Figure 7 Heat shock pretreatment improves the therapeutic potential of mesenchymal stem cells in the treatment of hepatic ischemia-reperfusion injury
in vivo. A: Serum aminotransferase levels were measured using an automatic analyzer following treatment; B: Histopathological analyses of livers from the normal
control, I/R-control, mesenchymal stem cells (MSCs) and HSP-MSC groups. Liver tissue sections were stained with HE and scored according to the Suzuki Scoring
System. Original magnification, × 100 and × 400, respectively, for each slide; C: Expression of PCNA by immunohistochemistry in liver tissues (magnification × 100
and × 400). The arrows indicate positive stained cells by PCNA. The data represent the results of three separate experiments. bP < 0.01 compared with the normal
control group; dP < 0.01 compared with the I/R control group; cP < 0.05 compared with the MSC group.

level of PCNA in resting cells is low, but is substantially
[40,41]
increased in multiplying and transformed cells
. As
shown in Figure 6, the HSP-MSCs group show more
double-positive cells labeled by CM-Dil and PCNA than
the MSCs group, which indicates that more HSP-MSCs
subsequently underwent cell division and that HSP
enhances the survival rate of transplanted MSCs in
the liver. Furthermore, a marked decrease in serum
aminotransferase levels, improved histopathology,
lower Suzuki scores and an increased number of
PCNA-positive cells in response to transplantation of
HSP-MSCs were observed compared with the MSC
group and the control group (Figure 7). These results
indicate that HSP increases the homing and survival
rate of transplanted MSCs, and thus improves the
therapeutic potential of MSCs in the treatment of HIRI
in vivo.
In summary, we found, for the first time, that HSP
effectively enhances the homing and survival rate of
MSCs, and thereby improves the therapeutic outcome
of MSCs in the treatment of HIRI. The activation of
autophagy via the p38MAPK/mTOR pathway may be
a novel mechanism of HSP to improve the survival
of MSCs exposed to H2O2. Activation of autophagy
by HSP may be an attractive method of preventing
apoptosis of MSCs and promoting their application in
cellular therapies in regenerative medicine.

COMMENTS
COMMENTS
Background

Mesenchymal stem cells (MSCs) exert a protective effect in hepatic ischemiareperfusion injury (HIRI). However, due to local hypoxia, inflammation, and
particularly oxidative stress in the targeted tissue, the transplanted MSCs
do not withstand the difficult microenvironment due to ischemia-reperfusion
(I/R) injury and low cell survival reduces the therapeutic effect. Autophagy is
a complex ‘‘self-eating’’ process and can reduce apoptosis of MSCs exposed

WJG|www.wjgnet.com

to H2O2. Heat shock pretreatment (HSP) is known to protect cells from various
environmental insults and has been shown to induce autophagy in some cell
lines. Previous studies show that HSP can regulate mitogen-activated protein
kinase (p38MAPK), a positive modulator of autophagy in MSCs. Therefore,
the authors designed this study to determine the role of HSP in autophagy
activation via the p38MAPK/mTOR pathway to protect MSCs against apoptosis
induced by oxidative stress injury.

Research frontiers

Autophagy is an evolutionarily conserved process that occurs in all eukaryotic
cells. Evidence suggests that under hypoxia/serum deprivation (H/SD)
conditions, autophagy can protect MSCs by providing energy or eliminating
reactive oxygen species and damaged organelles, and can reduce apoptosis.
In addition, several reports show that HSP increases survival rate following cell
transplantation in the heart. However, it is unknown whether autophagy can be
activated by HSP or its effect and exact mechanism in MSCs.

Innovations and breakthroughs

This study shows that activation of autophagy was a protective mechanism
of HSP in MSCs. The results show that HSP for 2 h improves the therapeutic
potential of MSCs in the treatment of HIRI in rats and enhances autophagy via
the p38MAPK/mTOR pathway, which mediates, at least partly, the protective
effects of HSP on MSC apoptosis exposed to H2O 2. When administered
systemically, more viable HSP-MSCs home to the I/R liver compared with
MSCs, which leads to a significant improvement in liver function, an accelerated
mitogenic response and the alleviation of histopathological damage in the rat
model.

Applications

This study indicates that HSP effectively enhances MSCs homing and survival
rate, and thus improves the therapeutic outcome of MSCs in the treatment of
HIRI in rats. The activation of autophagy via the p38MAPK/mTOR pathway
may be a novel mechanism of HSP to enhance the survival of MSCs exposed
to H2O2. The regulation of autophagy by HSP may be an attractive strategy
in preventing apoptosis of MSCs, thus promoting their application in cellular
therapies in regenerative medicine.

Terminology

HIRI is an inevitable event and occurs in a number of clinical settings, including
liver surgery, hemorrhagic shock with subsequent fluid resuscitation, sepsis,
hepatic artery ligation, trauma, and some vascular lesions, and especially in
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liver transplantation. Autophagy is an evolutionarily conserved process that
occurs in all eukaryotic cells and is considered a double-edged sword in relation
to cell survival. Heat shock pretreatment involves short-term exposure to mild
hyperthermia that can significantly enhance cell tolerance and viability.
14
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The work presented here is an interesting contribution that demonstrates the
interaction of autophagy with apoptosis on MSCs under H2O2 conditions, and
the activation of autophagy as a protective mechanism of HSP on MSCs.
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Abstract
AIM: To evaluate the practice of nutritional assessment
and management of hospitalised patients with cirrhosis
and the impact of malnutrition on their clinical outcome.
METHODS: This was a retrospective cohort study on
patients with liver cirrhosis consecutively admitted to
the Department of Gastroenterology and Hepatology
at the Royal Adelaide Hospital over 24 mo. Details
were gathered related to the patients’ demographics,
disease severity, nutritional status and assessment,
biochemistry and clinical outcomes. Nutritional status
was assessed by a dietician and determined by
subjective global assessment. Estimated energy and
protein requirements were calculated by Simple Ratio
Method. Intake was estimated from dietary history
and/or food charts, and represented as a percentage of
estimated daily requirements. Median duration of follow
up was 14.9 (0-41.4) mo.
RESULTS: Of the 231 cirrhotic patients (167 male,
age: 56.3 ± 0.9 years, 9% Child-Pugh A, 42% ChildPugh B and 49% Child-Pugh C), 131 (57%) had formal
nutritional assessment during their admission and 74
(56%) were judged to have malnutrition. In-hospital
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caloric (15.6 ± 1.2 kcal/kg vs 23.7 ± 2.3 kcal/kg, P =
0.0003) and protein intake (0.65 ± 0.06 g/kg vs 1.01
± 0.07 g/kg, P = 0.0003) was significantly reduced
in patients with malnutrition. Of the malnourished
cohort, 12 (16%) received enteral nutrition during
hospitalisation and only 6 (8%) received ongoing
dietetic review and assessment following discharge
from hospital. The overall mortality was 51%, and was
higher in patients with malnutrition compared to those
without (HR = 5.29, 95%CI: 2.31-12.1; P < 0.001).
CONCLUSION: Malnutrition is common in hospitalised
patients with cirrhosis and is associated with higher
mortality. Formal nutritional assessment, however, is
inadequate. This highlights the need for meticulous
nutritional evaluation and management in these
patients.
Key words: Liver cirrhosis; Nutrition assessment; Mortality;
Malnutrition; Morbidity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study to highlight the lack of
nutritional assessment of hospitalised patients with
cirrhosis. Despite the well-established prognostic
value of nutrition, our study showed that almost half
of hospitalized patients with cirrhosis did not have
a formal nutritional assessment. The prevalence
of malnutrition in this group of patients was high
(56%) and in-hospital dietary intake was substantially
reduced, even in patients with normal subjective global
assessment. We also confirmed that malnutrition was
an independent predictor of both short-term and longterm mortality.
Huynh DK, Selvanderan SP, Harley HAJ, Holloway RH, Nguyen
NQ. Nutritional care in hospitalized patients with chronic liver
disease. World J Gastroenterol 2015; 21(45): 12835-12842
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i45/12835.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i45.12835

INTRODUCTION
Malnutrition is common in chronic liver disease, and
occurs in 24%-66% of hospitalised patients with
[1-4]
cirrhosis
. However, in contrast to the common
occurrence of malnutrition reported in prospective
studies, the largest retrospective population based
study of hospitalised patients with cirrhosis reported
a substantially lower prevalence of malnutrition at
[5]
only 6.1% . This suggests that malnutrition is likely
under-recognised and inadvertently under-treated in
hospitalised patients with liver cirrhosis. Currently, the
extent to which nutritional assessment and support is
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implemented in routine clinical care is unknown.
Malnutrition in patients with liver cirrhosis is as
sociated with increased morbidity including hepatic
encephalopathy, variceal bleeding, refractory ascites,
spontaneous bacterial peritonitis (SBP) and hepatorenal
[6,7]
syndrome (HRS) . While a small number of studies
have shown that malnutrition is an independent
predictor of mortality in patients with liver cirrhosis, the
largest multi-centre prospective study demonstrated
that reduction in muscle mass was associated with lower
cumulative survival only in Childs A and B cirrhosis on
[4,8]
univariate but not multivariate analysis
and survival
in Childs C cirrhosis was not associated with nutritional
[8]
status . Evidence for malnutrition as a prognostic
indicator in patients with decompensated cirrhosis has
mostly been derived from the transplant population
where severe but not mild or moderate malnutrition
[9]
has been associated with pre-transplant mortality .
Pre-transplant reduced nutritional index have also been
associated with increased and earlier post-transplant
[10,11]
morbidity but not mortality
. The data relating to
the impact of malnutrition on survival in patients with
advanced liver disease who are not candidates for liver
transplantation however, are limited.
The identification of malnutrition in patients with
liver cirrhosis using traditional objective nutritional
assessment parameters is often confounded by nonnutritional factors, including liver synthetic function
and fluid status. While multi-compartmental body
composition analyses have been used to define
malnutrition in patients with cirrhosis more accurately,
the expense and lack of availability of these techniques
limits their use to the research setting. Subjective
global assessment (SGA) is often applied to determine
[12]
nutritional status in routine clinical practice . While
SGA may underestimate the frequency and severity
[7,13,14]
of malnutrition
, it has been reported to correlate
better with disease severity than does body composition
[15]
analysis . Although nutritional assessment by SGA
is a simple bedside tool, it is only one of a large
number of undertakings expected of clinicians, and is
often forgotten. Furthermore, appropriate nutritional
intervention requires the establishment and frequent
re-evaluation of nutrient requirements and intake levels
which is more efficiently performed by dieticians. Early
detection and management of nutritional deficiency
by a dietician has been reported to be associated with
an improvement in survival, as compared to that by
[16]
a physician . The aim of this study, therefore, was
to evaluate the practice of nutritional assessment and
management in hospitalised patients with cirrhosis in a
non-liver transplant tertiary hospital, and to assess the
impact of malnutrition on their clinical outcomes.

MATERIALS AND METHODS
Study population

A retrospective analysis was performed of all patients
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with chronic liver disease and cirrhosis, who had been
admitted to the Department of Gastroenterology
and Hepatology in the Royal Adelaide Hospital, the
largest tertiary referral hospital in South Australia,
between January 2010 and December 2011. The
patients were identified from a prospectively collected
hospital database of all patients admitted with chronic
liver disease. Cirrhosis was proven histologically or
defined by evidence of chronic liver disease with the
presence of portal hypertension or complications
of hepatic decompensation on the basis of clinical,
biochemical and radiological findings. The only
exclusion criterion was elective admission for only day
procedures (paracentesis or endoscopy). The project
was approved by the Royal Adelaide Hospital Research
Ethics Committee, and all patient data were deidentified to maintain confidentiality.

Data collection

Detailed demographic and disease-specific data relating
to the patients with liver cirrhosis were collected
from careful review of case notes, electronic medical
records, and prospectively compiled Gastroenterological
departmental databases. The disease-specific variables
recorded were: aetiology of liver disease, severity of
[17]
liver disease as graded by Child-Pugh classification
[18]
and Model for End-Stage Liver Disease (MELD) score
and laboratory data including bilirubin, albumin, serum
creatinine and international normalised ratio.
In addition to the hospital patient records, an
independent record of nutritional assessment was
prospectively maintained by the Dietetics Department.
The evaluation of nutritional status was performed by
a dedicated dietician specialized in gastrointestinal and
liver disease, using the Subjective Global Assessment
(SGA). The SGA entailed a medical history including
weight change, dietary change, gastrointestinal
symptoms, and functional impairment, and physical
examination for subcutaneous fat store, muscle
wasting, peripheral oedema and ascites and body
mass index (BMI). BMI was calculated from dry weight
following paracentesis or estimated by adjusting
for ascites and peripheral oedema according to
[19]
Mendenhall, 1992 . The recommended caloric and
protein requirements were calculated using the simple
ratio method. In accordance with the European Society
[20]
of Clinical Nutrition and Metabolism guidelines ,
energy requirement was calculated as 35-40 kcal/kg
[20]
per day and protein requirement as 1.2-1.5 g/kg/d .
In-hospital dietary intake was calculated from detailed
3 d dietary recall by the patient and daily food charts.
Nutritional intervention and the route of nutritional
supplementation (enteral, parenteral or oral) were
recorded.
Clinical details relating to the hospital admission,
patient progress and outcomes from the hospitalization,
associated morbidities, and mortality were obtained
from extensive review and cross check of hospital
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medical record, outpatient records, and electronic
patient database (covering all major metropolitan
hospitals and the 8 largest rural centres). If there was
uncertainty, the patients as well as their primary care
physician were contacted via telephone. Follow-up
was from the time of the index admission until time of
death, or censored at the date of last clinical encounter
alive.
The primary outcomes of this study were: (1) the
proportion of patients who had dietetic assessment
and interventions; and (2) the impact of nutrition
status on mortality. Secondary outcomes were the
impact of nutritional status on hospital length of stay,
infectious complications, liver-related morbidity and
hospital readmission.

Statistical analysis

Statistical analysis was carried out using SPSS version
22.0.0 for Windows. Parametric data are presented
as mean ± SEM and non-parametric data as median
(range). Categorical variables were compared using
Chi-square and Fisher’s exact test where appropriate.
Quantitative variables were tested by t-test and, when
the assumption for normality was not met, the Mann
Whitney U test. Univariate analysis for survival was
performed using Kaplan Meier method and differences
in Kaplan Meier curves were tested for statistical
significance using the log rank test. A multivariate Cox
Proportional Hazards regression analysis of nutritional
status on survival time was performed, controlling for
age, disease severity (MELD score), the presence of
hepatocellular carcinoma (HCC) and creatinine. As the
proportional effect of malnutrition on the risk of death
was not constant over time, the proportional hazards
assumption of the standard Cox regression was not
met for the malnutrition variable. Instead, the Cox
regression model that allowed for a time-dependent
effect of malnutrition on survival was utilized. P < 0.05
was considered statistically significant.
The statistical methods of this study was reviewed
by Kylie Lange, Biostatistician, Centre of Research
Excellence (CRE) in Translating Nutritional Science to
Good Health, Discipline of Medicine, The University of
Adelaide

RESULTS
A total of 231 patients [167 male (72%); 56.3 ±
0.9 years] with cirrhosis were admitted over the
24 mo. The most common aetiologies of cirrhosis
were alcoholic liver disease (56%), a combination
of alcoholic liver disease and hepatitis C (12%) and
hepatitis C (10%).The mean MELD score was 17.0
± 0.5, with the majority of patients having ChildPugh B (42%) and C (49%) disease. Only 9% (n =
21) patients had Child-Pugh A cirrhosis. The median
length of hospital stay was 7 d (range, 1-116 d). Other
characteristics and details relating to the hospitalization

12837

December 7, 2015|Volume 21|Issue 45|

Huynh DK et al . Malnutrition and chronic liver disease
Table 1 Baseline characteristics of hospitalised patients with
liver cirrhosis n (%)

Table 2 Characteristics of hospitalised patients assessed by
dietician n (%)

n = 231

Variable
Gender
Age (yr)
Aetiology
Alcohol
Alcohol and HCV
HCV
NAFLD
Others
Child-Pugh classification
Childs A
Childs B
Childs C
MELD Score
Ascites
Hepatic encephalopathy
Albumin
Bilirubin
INR
Median LOS (d)
Admission with variceal bleeding
28-d mortality
In-hospital mortality

Variable

167 M; 64 F
56.3 ± 0.9

Gender
Age
Aetiology-alcohol
Child-Pugh score
MELD score
Ascites
Hepatic
encephalopathy
Albumin
Bilirubin
INR
Median LOS
Admission with
variceal bleeding
28-d mortality
In-hospital
mortality

130 (56)
28 (12)
23 (10)
19 (8)
31 (14)
21 (9)
96 (42)
114 (49)
17.0 ± 0.5
135 (71)
88 (38)
24.9 ± 0.3
80.3 ± 7.1
1.6 ± 0.04
7 (1-116)
30 (13)
31 (13)
33 (14)

are summarized in Table 1.
After a median follow-up period of 14.9 mo (range,
0.03-40.8 mo), 117 (51%) patients died, with a
1-year survival rate of 61% and a 3-year survival of
42%. The in-hospital mortality rate was 14% and the
28 d mortality rate was 13%. On multivariate Cox
regression analysis, reduced survival was related to
older age (P < 0.001), presence of HCC (P < 0.001)
and greater disease severity as determined by MELD
score (P = 0.01).

Of the 231 hospitalised patients with cirrhosis, only
131 (57%) had dietetic assessment during their
admission. On univariate analysis, Child-Pugh score
(9.1 ± 0.9 vs 9.9 ± 0.2, P = 0.01), serum albumin (26.3
± 0.7 vs 23.1 ± 0.4, P = 0.004) and the presence of
ascites [OR 2.0 (95%CI: 1.1-3.5), P = 0.02] were
factors that associated with referral for a formal
dietetic evaluation. There were no differences in the
length of hospital stay, in-hospital mortality and 28-d
mortality between the patients assessed by dieticians
and those who were not (Table 2). Of the 131 patients
who had an initial nutritional assessment, 71 (54%)
were subsequently reviewed by a dietician during their
inpatient encounter. More importantly, only 6 (8%) of
the malnourished patients attended outpatient dietetic
clinic after discharge from hospital.
According to the SGA, 74/131 (56%) of the
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Nutritional
assessment
(n = 131)

P value

75M; 25F
57.6 ± 1.3
66 (66)
9.1 ± 0.9
16.6 ± 0.8
63 (63)
35 (35)

92M; 39F
55.3 ± 1.2
99 (76)
9.9 ± 0.2
17.4 ± 0.6
102 (78)
53 (40)

0.46
0.23
0.14
0.01
0.20
0.02
0.40

26.3 ± 0.7
71.4 ± 10.6
1.6 ± 0.05
5 (1-116)
15 (15)

23.1 ± 0.4
87.1 ± 9.6
1.7 ± 0.05
9 (1-100)
15 (11)

0.004
0.15
0.43
0.09
0.44

19 (15)
21 (16)

0.55
0.45

12 (12)
12 (12)

MELD: Model for End-Stage Liver Disease; INR: International normalised
ratio; LOS: Length of stay.

HCV: Hepatitis C virus; NAFLD: Non-alcoholic liver disease; MELD:
Model for End-Stage Liver Disease; INR: International normalised ratio;
LOS: Length of stay.

Prevalence of nutritional assessment, malnutrition and
interventions

No nutritional
assessment
(n = 100)

assessed patients were identified as “malnourished”.
Malnutrition was significantly associated with lower
2
2
BMI (23.2 ± 0.8 kg/m vs 26.3 ± 0.7 kg/m , P =
0.005) and poorer in-hospital oral caloric intake (1080
± 91 kcal per day vs 1674 ± 114 kcal per day, P =
0.0003), and protein intake (99 ± 7 g vs 45 ± 4 g,
P < 0.0001). When, dietary intake was measured as
a percentage of daily requirements calculated from
body weight, malnourished patients only met 45%
(15.6 ± 1.2 kcal/kg) of their total caloric requirements
compared to 68% (23.7 ± 2.3 kcal/kg) those that
were not malnourished (P = 0.0003), and 54%
(0.65 ± 0.06 g/kg) vs 84% (1.01 ± 0.07 g/kg) of
their protein requirements in the malnourish and not
malnourished cohort respectively (P = 0.0003). There
was no association between malnutrition and age,
gender, aetiology of liver disease, disease severity,
the presence of ascites, and the presence of hepatic
encephalopathy (Table 3).
Of the patients assessed by a dietician and de
termined to be malnourished, only 28 (38%) pati
ents received supplementation with oral nutritional
supplements (n = 14), enteral nutrition (n = 12),
parenteral nutrition (n = 1) and combined enteralparenteral nutrition (n = 1). The remaining 46
(62%) patients received dietary advice alone. A low
sodium diet was prescribed for 23 (31%) patients.
Of the 12 patients who were enterally fed, four had a
percutaneous endoscopic gastrostomy (PEG) inserted
for long-term feeding. All four patients did not have
ascites at the time of PEG insertion. For the remaining
patients, the median duration of enteral feeding was
5 d (1-50 d). There were no complications relating to
PEG or enteral feeding.
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1.0

Table 3 Characteristics of malnourished vs well-nourished
cirrhotic patients
P value

39M:18F
54.9 ± 1.9
41

53M:21F
55.6 ± 1.6
58

0.89
0.89
0.41

3
23
31
9.72 ± 0.3
16.9 ± 0.8
44
23

4
28
42
9.99 ± 0.3
17.8 ± 0.9
58
30

1.00
0.86
0.70
0.48
0.87
1.00
1.00

24.5 ± 0.8
85.3 ± 12.9
1.6 ± 0.1
84.9 ± 8.6
26.3 ± 0.7
3
3

23.3 ± 0.6
88.5 ± 13.9
1.7 ± 0.1
91.6 ± 8.6
23.2 ± 0.8
16
18

0.25
0.90
0.38
0.70
0.005
0.011
0.0035

Malnutrition

0.8
Cumulative survival

Malnutrition
(n = 74)

0.6
0.4
0.2

P = 0.001
0.0

10.0

20.0

30.0

40.0

50.0

Figure 1 Relationship between overall survival and the presence of
malnutrition in patients with liver cirrhosis.

A
1.0

Impact of malnutrition on clinical outcomes

In-hospital mortality was significantly higher in
cirrhotic patients who were malnourished compared to
those who were not [24.3% vs 5.3%, P = 0.0035; HR
= 5.79 (95%CI: 1.61-20.77)]. On univariate analysis,
malnutrition was associated with shortened survival
(P = 0.001; Figure 1). On multivariate Cox regression
analysis, adjusting for age, presence of HCC, serum
bilirubin, serum creatinine and disease severity,
malnutrition remained an independent risk factor for
reduced survival (HR = 5.29, 95%CI: 2.31-12.1; P
< 0.001). In-hospital caloric and protein intake of
less than 25% of the calculated daily requirements
was associated with shortened survival on univariate
analysis (Figure 2), but was not an independent
prognostic factor on multivariate analysis.
There was no relationship between malnutrition and
the length of hospital stay (malnourished vs normal:
9 (1-100) d vs 9 (1-66) d, P = 0.6), development of
ascites (3.5% vs 2.7%, P = 1.0), or encephalopathy
(14% vs 12%, P = 0.8). After discharge, there was
a trend for more malnourished patients to be readmitted for major liver related complications, such
as spontaneous bacterial peritonitis, hepatorenal
syndrome, and/or variceal bleeding than those without
malnutrition (10.8% vs 5.6%, P = 0.13).

DISCUSSION
In addition to reinforcing the notion that malnutrition

Cumulative survival

0.8

MELD: Model for End-Stage Liver Disease; INR: International normalised
ratio; LOS: Length of stay; BMI: Body mass index.
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0.0

t/mo

0.6
Group 3
Group 2

0.4

Group 1
0.2
Group 4
0.0

0.0

10.0

20.0

30.0

40.0

50.0

t/mo

B
1.0
0.8
Cumulative survival

Gender
Age
Aetiology-alcohol
Child-Pugh
Classification
Childs A
Childs B
Childs C
Child Pugh score
MELD score
Ascites
Hepatic
encephalopathy
Albumin
Bilirubin
INR
Creatinine
BMI
28-d mortality
In-hospital mortality

Normal
nutritional status
(n = 57)

Normal nutrition

0.6
Group 3
Group 1

0.4

Group 2
0.2
0.0

Group 4
0.0

10.0

20.0

30.0

40.0

50.0

t/mo

Figure 2 Caloric and protein intake and survival. A: Caloric intake and
survival. Group 1: Caloric intake > 75% of recommended; Group 2: Caloric intake
50%-75% of recommended; Group 3: Caloric intake 25%-50% of recommended;
Group 4: Caloric intake < 25% of recommended. Lower survival rates in group
4 vs 1 (P = 0.014), group 4 vs 2 (P = 0.017) and group 4 vs 3 (P = 0.002).
Pairwise comparisons between groups 1, 2 and 3 (not significant); B: Protein
intake and survival. Group 1: Protein intake > 75% of recommended; Group 2:
Protein intake 50%-75% of recommended; Group 3: Protein intake 25%-50% of
recommended; Group 4: Protein intake < 25% of recommended. Lower survival
rates in group 4 vs 1 (P < 0.001), group 4 vs 2 (P = 0.003) and group 4 vs 3 (P =
0.005). Pairwise comparisons between groups 1, 2 and 3 (not significant).
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is common in cirrhotic patients, the current study
also highlights the following important issues: (1)
formal dietetic assessment and intervention are not
routine for hospitalized patients with liver cirrhosis and
up to 43% of patients were not assessed; (2) daily
caloric and protein intake in these patients was suboptimal, even in patients who had normal SGA; (3)
only one third of patients who were identified to have
malnutrition and poor caloric intake were actively
given nutritional supplement; (4) less than 10% of the
identified malnourished patients had outpatient followup and, most importantly; and (5) the presence of
“malnutrition” was associated with higher mortality.
Together, our findings strongly support for a need of
early dietetic evaluation in all hospitalized patients with
chronic liver disease in order to identify subjects at-risk
for “malnutrition”, so that early nutritional intervention
can be instituted during hospital admission and also
after discharge.
To our knowledge, this is the first study to highlight
the lack of dietetic assessment in hospitalised patients
with liver cirrhosis. Despite the well-established
prognostic value of nutrition, our study showed that
almost half of hospitalized patients with cirrhosis
did not have a formal nutritional assessment. While
patients with hypoalbuminaemia and ascites were
more likely to receive formal dietetic input, neither
of these factors was predictive of nutritional status.
More importantly, the prevalence of malnutrition in this
group of patients is high (56%) and is in keeping with
[3,4]
previously reports , which would support the notion
that malnutrition is under-diagnosed in these patients
in routine clinical care.
Poor nutrient intake is likely to be a major factor
responsible for the development of malnutrition in
these patients. Consistent with finding of a previous
[21]
study , dietary intake was substantially reduced in
our patients with liver cirrhosis, even in patients who
had normal SGA (only 68% daily carbohydrate and
85% protein requirements), resulting in a negative
energy balance, weight loss and the development
of malnutrition. This reduction in nutrient intake in
these patients is likely to be multi-factorial. Patients
with cirrhosis frequently experience gastrointestinal
[22,23]
symptoms
which may contribute to reduced
[24]
nutrient intake . Delayed gastric emptying has
been reported in patients with cirrhosis and has
been associated with post-prandial fullness and bloa
[25]
ting . Alteration in taste acuity has been associated
with deficiencies in trace elements including zinc,
[26,27]
magnesium and vitamin A
, which are common in
patients with cirrhosis. Appetite is also reduced owing
to increased inflammatory cytokines and alterations
in appetite regulating hormones in cirrhotic patient
[25,28-32]
including leptin, ghrelin, PYY and CCK
.
Paradoxically, the lack of nutrient intake also
influences the function of the gastrointestinal tract.
In healthy and critically ill subjects, enteral nutrient
deprivation is associated with mucosal atrophy,
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[33,34]

increased intestinal permeability and infections
.
The use of enteral nutrition in critically ill and surgical
patients has been shown to prevent the development
of these adverse changes to the gastrointestinal
[34,35]
tract
, and has been associated with reduced
[36,37]
morbidity, particularly septic complications
. Given
such poor oral intake in cirrhotic patients, it is very
likely that similar gastrointestinal changes of nutritional
deprivation will be observed. This may explain the
increase in intestinal permeability seen in cirrhotic
[38]
patients with malnutrition , which subjects these
patients to a higher risk of infectious complications
[39]
and hepatic encephalopathy . Given our finding
of increased mortality in malnourished patients and
in patients with poor in-hospital caloric and protein
intake, the role of routine oral nutritional supplement
or even aggressive enteral nutrition on gut functions
and defence needs further evaluation.
Another key finding in our study was that nutri
tional status as determined by subjective global
assessment had a major impact on short-term and
long-term mortality in hospitalised patients with liver
cirrhosis. Studies examining the association between
nutrition and survival have yielded different results.
Compared to other studies, our patient population had
more advanced liver disease with over ninety percent
having decompensated cirrhosis, and a high mortality
rate during hospital stay and the follow-up period.
Our findings are consistent with other studies
that involved hospitalized patients with mostly
[4,5,9,40]
decompensated cirrhosis
, with similar hazard
[9,40]
ratios of 2-5.3 for mortality
. Conversely, studies
enrolling stable, and mostly compensated cirrhotic
patients in the outpatient setting have failed to
demonstrate an association between malnutrition and
[7,8,21]
survival
. A potential explanation for the difference
in the impact of nutritional status on outcomes between
inpatients and outpatients is the lack of room for
compensation in the already decompensated inpatients.
Despite the higher mortality in cirrhotic patients with
malnutrition, we found no significant difference in liver
related morbidity. This is contrary to previous studies
which have found increased variceal bleeding, refrac
tory ascites, spontaneous bacterial peritonitis (SBP)
and hepatorenal syndrome (HRS) in malnourished
[6,7]
patients . The failure to find any difference in liver
related morbidity in our study may be due to the patient
population with advanced, decompensated cirrhosis,
high prevalence of pre-existing morbidity, and the small
number of subsequent new liver related complications.
We acknowledge that this is a retrospective review
with the potential limitations associated with the
study design. Nevertheless, the data were thoroughly
collected and cross-checked from a number of pro
spective databases. Furthermore, all patients with
liver cirrhosis who were admitted to the Department
of Gastroenterology and Hepatology in the Royal
Adelaide Hospital were included in the study and the
sample size was sufficient to demonstrate differences
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in the clinical outcomes. The strength of this study is
that it provides information on nutritional care and the
impact of malnutrition on clinical outcomes in patients
with cirrhosis in the real-world setting. Although SGA
may have a lower sensitivity for the detection of
[7,41]
malnutrition compared to hand grip strength
and
[13]
multi-compartmental body composition analysis ,
SGA is a simple, inexpensive and reliable bed-side tool
to assess for malnutrition with an 80% inter-observer
[42]
reproducibility rate .
In conclusion, although malnutrition is common in
hospitalised patients with liver cirrhosis and is associated
with higher short- and long-term mortality, nearly
half of these patients have no dietetic assessment
and intervention. These findings suggest that routine
dietetic assessment should be performed on all patients
who are admitted with chronic liver disease and related
complication, so that at-risk subjects for “malnutrition”
can be identified and early nutritional intervention
can be instituted during hospitalisation but also after
discharge.

outcome. The author found that malnutrition was common in hospitalised
patients with cirrhosis and is associated with higher mortality. However, the
formal nutritional assessment was inadequate currently. This highlights the
need for meticulous nutritional evaluation and management in these patients.
This is a well conducted and well written study. The experiments are described
in detail, the results are shown nicely and the figures are impressive.
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Abstract
AIM: To compare the outcomes between the lapa
roscopic and open approaches for partial colectomy
in elderly patients aged 65 years and over using the
American College of Surgeons - National Surgical
Quality Improvement Program (ACS NSQIP) database.
METHODS: The ACS NSQIP database for the years
2005-2011 was queried for all patients 65 years and
above who underwent partial colectomy. 1:1 propensity
score matching using the nearest- neighbor method
was performed to ensure both groups had similar preoperative comorbidities. Outcomes including postoperative complications, length of stay and mortality
were compared between the laparoscopic and open
2
groups. χ and Fisher’s exact test were used for
discrete variables and Student’s t -test for continuous
variables. P < 0.05 was considered significant and odds
ratios with 95%CI were reported when applicable.
RESULTS: The total number of patients in the ACS
NSQIP database of the years 2005-2011 was 1777035.
We identified 27604 elderly patients who underwent
partial colectomy with complete data sets. 12009
(43%) of the cases were done laparoscopically and
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15595 (57%) were done with open. After propensity
score matching, there were 11008 patients each in the
laparoscopic (LC) and open colectomy (OC) cohorts.
The laparoscopic approach had lower post-operative
complications (LC 15.2%, OC 23.8%, P < 0.001),
shorter length of stay (LC 6.61 d, OC 9.62 d, P < 0.001)
and lower mortality (LC 1.6%, OC 2.9%, P < 0.001).
CONCLUSION: Even after propensity score matching,
elderly patients in the ACS NSQIP database having a
laparoscopic partial colectomy had better outcomes
than those having open colectomies. In the absence
of specific contraindications, elderly patients requiring
a partial colectomy should be offered the laparoscopic
approach.
Key words: Colectomy; Laparoscopic; Outcomes;
Elderly; National Surgical Quality Improvement Program
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Elderly patients having partial colectomies
are at greater risk for complications due to a higher
incidence of comorbidities. This study looked at patients
aged 65 and above in a nationally validated database
from the American College of Surgeons National
Surgical Quality Improvement Program. Patients having
a laparoscopic partial colectomy, when compared to
an open partial colectomy, had fewer complications,
shorter lengths of stay and decreased mortality.
Kannan U, Reddy VSK, Mukerji AN, Parithivel VS, Shah AK,
Gilchrist BF, Farkas DT. Laparoscopic vs open partial colectomy
in elderly patients: Insights from the American College of
Surgeons - National Surgical Quality Improvement Program
database. World J Gastroenterol 2015; 21(45): 12843-12850
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i45/12843.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i45.12843

INTRODUCTION
The role of laparoscopy has been well documented
[1,2]
in the field of colorectal surgery . The laparoscopic
approach has been associated with reduced post
operative pain, less morbidity, shorter lengths of
stay, lower costs, fewer adhesions and a lower
[3,4]
incidence of hernias . Despite these well-established
advantages, the minimally invasive approach has been
underutilized with a recent study showing adoption
[5,6]
rates of up to 40% . The elderly population, aged
65 years and above, is one of the higher risk groups
due to the presence of comorbidities and as a result
[7]
is at increased risk for post-operative events .
Consequently, caring for such patients can present
unique challenges. Laparoscopic cholecystectomy
[8,9]
has been shown to be safe in this age group . A
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laparoscopic colectomy requires a longer operating
[10]
time than a laparoscopic cholecystectomy
and
operative duration has been shown to be correlated
with postoperative complications as well as length of
[11,12]
stay
. On the other hand, open colorectal surgery
in the elderly is itself associated with increased
[13]
morbidity and mortality . Hence it becomes
important to look specifically in this elderly cohort and
analyze if the laparoscopic approach is advantageous
when compared with the conventional open approach.
The aim of this study is to compare the outcomes
between elderly patients undergoing laparoscopic
partial colectomy (LC) and open partial colectomy
(OC). There are various studies showing improved
outcomes with the laparoscopic approach but there
are very few reports on its impact specifically in the
[14,15]
elderly population
. The studies that are available
are generally single institution studies based on small
[16-18]
sample sizes
. The present work is based on a
very large sample size from the American College
of Surgeons National Surgical Quality Improvement
Program (ACS NSQIP) database. ACS NSQIP is the
first nationally validated, risk adjusted, outcome
based program to measure and improve the quality
of surgical care. The number of variables, cases and
centers participating in the ACS NSQIP database have
been progressively increasing over the years. In 2012,
ACS NSQIP included over 150 variables involving about
543885 cases from 315 academic and communitybased hospitals in United States. The variables
collected include data on preoperative risk factors,
intraoperative variables, 30-d postoperative mortality
and morbidity outcomes for all patients aged 18 years
and older undergoing major surgical procedures in the
inpatient and outpatient settings. A trained surgical
clinical reviewer captures this data prospectively by a
variety of methods including medical chart abstraction
using an 8 d cycle. To date, the ACS NSQIP has had
a 95% success rate in capturing the 30 d outcomes
for all cases in the database. The accuracy and
[19]
reproducibility of its data has been well documented .
In studies that use nonrandomized databases such
as the ACS NSQIP there is a potential for selection
bias. In order to minimize these problems, propensity
score matching was employed in this study. This
allowed the two groups of patients to be more closely
matched, which provides a more accurate comparison
of the outcomes between the two groups.

MATERIALS AND METHODS
Patient selection

Participant user files (PUF) from the years 2005 to
2011 of the ACS NSQIP database were combined
into a single database. Patients undergoing a
partial colectomy were included. Current Procedural
Terminology (CPT) codes 44205, 44204 and 44207
were chosen as representing laparoscopic right, left
and sigmoid colectomies respectively. CPT codes
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rological, renal and bleeding disorders, diabetes
mellitus and steroid usage. In the second step, LC
patients were matched with OC patients based on the
predicted probability (propensity score). The result was
more balanced groups in the selected covariates.

Total number of patients in ACS
NSQIP database between
2005-2011 = 1777035

Statistical analysis

Number of patients with partial
colectomy in
ACS NSQIP database = 91307

The two groups were then compared using a biva
riate analysis approach. Patient demographics, com
orbidities, intraoperative complications and postoperative complications were then compared between
2
the two groups using bivariate analysis. χ test was
used for categorical variables and student’s t test was
used for continuous variables. Fisher’s exact test was
used for categorical variables with very small expected
frequencies. Results were reported as mean (± SD)
for continuous variables and frequency for nominal
and ordinal variables. P values < 0.05 were considered
significant. OR with 95%CI were reported when
applicable. Analyses were performed using SPSS 20
(IBM SPSS Inc., Chicago, IL).

Number of elderly patients
(age ≥ 65) with
partial colectomy = 43191

Excluded patients: emergency cases,
pregnant patients and patients with
missing variables 15587 patients

Number of patients in initial
unmatched database = 27604

Laparoscopic partial
colectomy = 12009

RESULTS

Open partial
colectomy = 15595

Propensity score matching

Laparoscopic partial
colectomy after
propensity score
matching = 11008

Open partial colectomy
after propensity score
matching = 11008

Figure 1 Flowchart outlining patient selection.

44160, 44140 and 44145 were chosen as representing
open right, left and sigmoid colectomies. Rectal
procedures were not included, and neither were
cases with colostomies or ileostomies. We excluded
emergency cases, pregnant patients and database
entries with missing data.

Propensity score matching

A propensity 1:1 matched analysis was then performed
to identify similar patients groups in the LC and OC
groups. The first step of the propensity score matching
consisted of fitting a logistic regression to model the
probability of receiving a LC. The covariates included in
the regression were age, body mass index (BMI), sex,
site of surgery, American Society of Anesthesiology
(ASA) class 3 and above, cardiac, pulmonary, neu
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The NSQIP database between 2005 and 2011 had
a total of 1777035 patients. Of these patients,
there were 91307 who had a partial colectomy, with
43191 aged 65 and above (Figure 1). 15587 patients
were excluded on the basis of being emergent
cases, pregnant patients, or the dataset not being
complete in the ACS NSQIP database. This left an
index unmatched database of 27604 elderly partial
colectomy patients. This original group had 12009
(43%) laparoscopic patients and 15595 (57%) open
patients. The preoperative characteristics of these
groups are outlined in Table 1. The groups are different
in almost all demographic and comorbidity categories.
After propensity matching, we were left with a
total of 22016 patients - 11008 patients in each of the
laparoscopic and open cohorts. These are the groups
that were used for comparison in our study, and their
pre-operative characteristics are compared in Table 2.
As a result of the propensity matching the two groups
are essentially similar in terms of their demographics
and rate of comorbidities. There were no significant
differences between the groups in terms of cardiac,
pulmonary, neurological, renal, hematological or
endocrine comorbidities.
Intraoperative characteristics of the matched
cohorts are shown in Table 3. The operative duration
in the LC cohort is slightly higher than in the OC cohort
(LC 152 min, OC 144 min, P < 0.001). The LC cohort
had slightly lower need for transfusions (LC 2.3%, OC
2.8%, P < 0.001). There was no statistically significant
difference in intraoperative events, such as cardiac
arrest, myocardial infarction and unplanned intubation
between the groups, although these numbers were
quite small.
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Table 1 Preoperative characteristics of elderly patients
undergoing partial colectomy before propensity score
matching n (%)
Characteristics

Age, mean ± SD
BMI, mean ± SD
Gender
Female
Male
Procedure
Right partial colectomy
Left partial colectomy
Sigmoidectomy
Indication
Benign
Malignant
Unknown
ASA class
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ
ASA Ⅲ, Ⅳ or Ⅴ
Alcohol
Current smoker
Cardiac diseases
Hypertension
History of CHF
History of MI
History of angina
History of PCI
History of PCS
Pulmonary diseases
Dyspnea
History of COPD
Ventilator dependent
Pneumonia
Neurological disease
History of CVA
History of CVANO
History of TIA
History of tumor CNS
Renal diseases
History of renal failure
Dialysis dependent
Bleeding disorders
Steroid use1
Diabetes

Table 2 Preoperative characteristics of elderly patients
undergoing partial colectomy after propensity score matching
n (%)

Laparoscopic
colectomy
(n = 12009)

Open colectomy
(n = 15595)

P value

Characteristics

75.94 ± 7.15
27.30 ± 6.38

74.87 ± 6.92
27.17 ± 7.09

< 0.001
< 0.001
0.416

7401 (61.6)
4608 (38.4)

9536 (61.1)
6059 (38.9)

3122 (25.9)
6614 (55.1)
2273 (19.0)

3773 (24.2)
8492 (54.5)
3330 (21.3)

4769 (39.7)
4544 (37.8)
2696 (22.4)

5447 (34.9)
7454 (47.8)
2694 (17.3)

155 (1.2)
5418 (45.2)
5956 (49.6)
477 (4.0)
3 (0.02)
6436 (53.6)
359 (2.9)
1062 (8.8)
8489 (70.7)
8232 (68.5)
119 (1.0)
56 (0.5)
80 (0.7)
957 (8.0)
959 (8.0)
836 (7.0)
1600 (13.3)
821 (6.8)
4 (0.02)
20 (0.2)
994 (8.3)
347 (2.9)
355 (3.0)
516 (4.3)
11 (0.1)
62 (0.5)
15 (0.1)
52 (0.4)
487 (4.1)
365 (3.0)
3166 (26.4)

115 (0.7)
4960 (31.8)
9225 (59.2)
1278 (8.2)
17 (0.1)
10520 (67.5)
408 (2.6)
1689 (10.8)
11350 (72.8)
10936 (70.1)
297 (1.9)
169 (1.1)
200 (1.3)
1431 (9.2)
1495 (9.6)
1519 (9.7)
2723 (17.4)
1428 (9.2)
58 (0.4)
71 (0.5)
1689 (10.8)
613 (3.9)
591 (3.8)
801 (5.1)
18 (0.1)
173 (1.1)
56 (0.4)
137 (0.9)
1009 (6.5)
580 (3.7)
3193 (20.5)

Age
mean ± SD
median ± IQR
BMI (mean ± SD)
Gender
Female
Male
Procedure
Right partial colectomy
Left partial colectomy
Sigmoidectomy
Indication
Benign
Malignant
Unknown
ASA class
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ
ASA Ⅲ, Ⅳ or Ⅴ
Alcohol
Current smoker
Cardiac diseases
Hypertension
History of CHF
History of MI
History of angina
History of PCI
History of PCS
Pulmonary diseases
Dyspnea
History of COPD
Ventilator dependent
Pneumonia
Neurological disease
History of CVA
History of CVANO
History of TIA
History of tumor CNS
Renal diseases
History of renal failure
Dialysis dependent
Bleeding disorders
Steroid use1
Diabetes

< 0.001

< 0.001

< 0.001
0.061
< 0.001
< 0.001
0.005
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.002
0.545
< 0.001
< 0.001
< 0.001
< 0.001
0.002
< 0.001

1

Use of steroid in the 30 d prior to surgery for a chronic medical condition.
BMI: Body mass index; ASA: American Society of Anesthesiologists; CHF:
Congestive heart failure; MI: Myocardial infarction; PCI: Percutaneous
coronary intervention; PCS: Previous cardiac surgery; PVD: Peripheral
vascular disease; COPD: Chronic pulmonary obstructive disease;
CVA: Cerebrovascular accident with neurological deficit; CVANO:
Cerebrovascular accident without neurological deficit; TIA: Transient
ischemic attack; Tumor CNS: Tumor involving central nervous system.

Postoperative 30-d outcomes of both the cohorts
are shown in Table 4. There were significantly
fewer complications in the LC group (LC 15.2%,
OC 23.8%, P < 0.001). These were lower in every
single subcategory of cardiac, pulmonary, renal and
infectious complications. Patients in the LC cohort had
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Laparoscopic
colectomy
(n = 11008)

Open colectomy P value
(n = 11008)

75.12 ± 6.97
74 ± 11
27.31 ± 6.42

75.21 ± 6.98
74 ± 12
27.23 ± 7.05

6685 (60.7)
4323 (39.3)

6852 (62.2)
4156 (37.8)

2549 (23.2)
6237 (56.7)
2222 (20.1)

2736 (24.8)
6099 (55.4)
2173 (19.8)

4361 (39.6)
4193 (38.1)
2454 (22.3)

3966 (36.0)
5431 (49.3)
1611 (14.6)

127 (1.1)
4563 (41.5)
5852 (53.2)
463 (4.2)
3 (0.02)
6318 (57.4)
341 (3.0)
1051 (9.5)
7905 (71.8)
7654 (69.5)
116 (1.1)
51 (0.5)
75 (0.6)
902 (8.2)
924 (8.4)
815 (7.4)
1526 (13.7)
801 (7.3)
3 (0.02)
18 (0.2)
921 (8.4)
333 (3.0)
323 (2.9)
347 (3.2)
10 (0.1)
57 (0.5)
12 (0.1)
49 (0.4)
466 (4.2)
353 (3.2)
2077 (18.9)

110 (1.0)
4563 (41.5)
5673 (51.5)
658 (6.0)
4 (0.03)
6335 (57.5)
289 (2.6)
993 (9.0)
7845 (71.3)
7614 (69.2)
134 (1.2)
57 (0.5)
86 (0.7)
807 (7.3)
894 (8.1)
778 (7.1)
1513 (13.7)
758 (6.9)
3 (0.02)
24 (0.2)
896 (8.1)
305 (2.8)
307 (2.8)
353 (3.2)
6 (0.1)
55 (0.5)
13 (0.1)
48 (0.4)
425 (3.9)
318 (2.9)
2040 (18.5)

0.857
0.332
0.368
0.021

0.013
0.003
0.061
0.409
< 0.001

0.817
0.036
0.178
0.370
0.559
0.252
0.563
0.384
0.017
0.463
0.336
0.432
0.259
1.000
0.354
0.540
0.261
0.518
0.818
0.317
0.850
0.841
0.919
0.161
0.170
0.522

1

Use of steroid in the 30 d prior to surgery for a chronic medical condition.
BMI: Body mass index; ASA: American Society of Anesthesiologists; CHF:
Congestive heart failure; MI: Myocardial infarction; PCI: Percutaneous
coronary intervention; PCS: Previous cardiac surgery; PVD: Peripheral
vascular disease; COPD: Chronic pulmonary obstructive disease;
CVA: Cerebrovascular accident with neurological deficit; CVANO:
Cerebrovascular accident without neurological deficit; TIA: Transient
ischemic attack; Tumor CNS: Tumor involving central nervous system.

lower rates of unplanned return to the operating room
(LC 4.1%, OC 5.3%, P < 0.001). Length of stay was
shorter in the laparoscopic group (LC 6.61 d, OC 9.62 d,
P < 0.001). Finally, the laparoscopic cohort had lower
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Table 3 Intraoperative characteristics of elderly patients
undergoing partial colectomy after propensity score matching
Characteristics

Laparoscopic
colectomy
(n = 11008)

Operative time (min),
151.75 ± 66.15
mean ± SD
Anesthesia time (min),
209.47 ± 78.54
mean ± SD
Blood transfusions, n (%)
250 (2.3)
Intraoperative occurrence
Cardiac arrest
1
Myocardial infarction
3
Unplanned intubation
5

Open colectomy
(n = 11008)

P value

143.56 ± 78.60

< 0.001

200.72 ± 91.29

< 0.001

307 (2.8)

< 0.001
0.143

Table 4 Post-operative outcomes of elderly patients
undergoing partial colectomy after propensity score matching
n (%)
Characteristics

Overall
complications1
Cardiac
complications
Cardiac arrest
Myocardial
infarction
Pulmonary
complications
Pneumonia
Unplanned
intubation
Ventilated for
more than 48 h
Pulmonary
emboli
Deep venous
thrombosis
Renal
complications
Progressive
renal
insufficiency
Acute renal
failure
Urinary tract
infection
Infections
Sepsis
Septic shock
Superficial
incisional
infection
Deep incisional
infection
Organ space
infection
Wound
disruption
Return to
operating room
Length of stay
(d), mean ± SD
30-d mortality

5
5
11

mortality than the open colectomy group (LC 1.6%,
OC 2.9%, P < 0.001).

DISCUSSION
This study demonstrates that laparoscopic partial
colectomy has better outcomes than open partial
colectomy in the elderly patient. There are fewer
complications, shorter lengths of stay, and lower
mortality. A recent meta-analysis of colorectal
[20]
surgery by Antoniou et al
involving 66592 patients
supports our conclusion of lower mortality (2.2% in
laparoscopic vs 5.4% in open approach) and overall
morbidity (19.3% vs 26.7% in open approach).
Similar results are reported in the meta-analysis by
[21]
Seishima et al
showing LC to have lower risk of
perioperative mortality (OR = 0.55, P < 0.01) and
postoperative complications (OR = 0.55, P < 0.01)
when compared with open surgery. In a randomized
control study involving 535 patients by Frasson et
[22]
al , the laparoscopic approach was associated with
an overall complication rate of 20% in comparison to
[23]
42% in the open group. Senagore et al
also report
similar results in the laparoscopic group with shorter
length of stay and lower direct hospital costs. These
[16]
positive trends are also seen in octogenarians . In a
pooled analysis involving 11 studies, the laparoscopic
approach was associated with lower incidence of
postoperative cardiac complications, wound com
plications, earlier return of bowel function and shorter
[17]
lengths of stay . All of these small sample size
studies and meta-analyses concluded that LC is safer
and has better short term outcomes. Our analysis
based on a large well validated ACS NSQIP database
replicates these findings in a very large database of
patients and confirms the benefits of the minimally
invasive approach. More importantly, our study
employed propensity matching to make sure the
groups of patients were similar pre-operatively, and
still found the same results.
The most common complication after colorectal
[24]
surgery is surgical site infection (SSI) . SSI in colorectal
surgery is associated with significant economic burden
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P value
Open
Laparoscopic
colectomy
colectomy
(n = 11008) (n = 11008)

OR/CI

1676 (15.2)

2622 (23.8)

< 0.001 1.56 (1.48-1.65)

109 (1.0)

160 (1.5)

0.002 1.47 (1.15-1.87)

50 (0.4)
71 (0.6)

80 (0.7)
88 (0.8)

0.008 1.60 (1.13-2.28)
0.176 1.24 (0.91-1.69)

489 (4.4)

729 (6.6)

< 0.001 1.49 (1.33-1.67)

239 (2.2)
217 (2.0)

375 (3.4)
326 (3.0)

< 0.001 1.57 (1.34-1.84)
< 0.001 1.50 (1.27-1.78)

165 (1.5)

294 (2.7)

< 0.001 1.78 (1.48-2.15)

69 (0.6 )

87 (0.8)

0.148 1.26 (0.92-1.73)

97 (0.9)

179 (1.6)

< 0.001 1.85 (1.44-2.36)

421 (3.8)

656 (6.0)

< 0.001 1.56 (1.38-1.76)

54 (0.4)

98 (0.9)

< 0.001 1.81 (1.30-2.53)

50 (0.4)

72 (0.7)

0.046 1.44 (1.01-2.06)

339 (3.1)

524 (4.8)

< 0.001 1.55 (1.35-1.77)

1170 (10.6)
274 (2.5)
156 (1.4)
582 (5.3)

1951 (17.7)
468 (4.3)
284 (2.6)
968 (8.8)

96 (0.9)

150 (1.4)

0.001 1.56 (1.21-2.02)

206 (1.9)

347 (3.2)

< 0.001 1.68 (1.42-1.99)

84 (0.8)

144 (1.3)

< 0.001 1.71 (1.31-2.24)

451 (4.1)

588 (5.3)

< 0.001 1.30 (1.16-1.47)

6.61 ± 6.73

9.62 ± 8.33

173 (1.6)

316 (2.9)

< 0.001
< 0.001
< 0.001
< 0.001

1.67 (1.56-1.78)
1.71 (1.46-1.98)
1.82 (1.50-2.21)
1.66 (1.51-1.84)

< 0.001

-

< 0.001 1.83 (1.52-2.19)

1

Any one of cardiac, pulmonary, renal or infectious complications.

and prolonged recovery, and it affects the quality of life
[25]
significantly . Our analysis showed an infection rate of
10.6% in the LC group in comparison with 17.7% in
the OC group. A similar ACS NSQIP based analysis of
colorectal procedures involving all age groups show an
infection rate of 9.5% with the laparoscopic approach
[26]
in comparison to 16% with the open approach . The
reasons for lower SSI with the laparoscopic approach
might include reduced blood transfusions and reduced
[27]
wound contact with the colon . Elderly age is
known to be a risk factor for respiratory and cardiac
complications. This is probably due to higher incidence
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of comorbidities in this cohort and preoperative
comorbidities have shown to be an important predictor
[28,29]
of postoperative adverse outcomes
. After matching
for pre-operative cardiac, respiratory, neurological
and renal comorbidities, our study showed a lower
incidence of pneumonia and need for mechanical
ventilation, as well as lower incidence of cardiac and
renal complications with the laparoscopic approach.
These lower rates of complications seen with the
laparoscopic approach are probably related to there
being less pain related splinting of diaphragm causing
[30,31]
less postoperative atelectasis and pneumonia
.
While our study does not explicitly look at cost, length
of stay impacts the costs, and LC was associated with
[32]
a significantly shorter recovery period .
The main strength of this study is its large sample
size from a robust database. The ACS NSQIP database
is one of the largest, well validated, risk adjusted
current database designed to track surgical outcomes
based on relevant set of perioperative variables. ACS
NSQIP database has been demonstrated to improve
[33-35]
outcomes and decrease expenses
. The hallmark of
this data is that it is collected prospectively and strictly
audited. This prevents the pitfalls of accruing data from
small institutional databases. Another strength of our
study is the use of propensity matching which further
minimizes the bias associated with patient selection.
We recognize that there are limitations to our
study. Although the ACS NSQIP database is one of the
largest available, it does not represent every hospital
as it includes only participating hospitals. In addition,
we are only able to analyze the data that has been
recorded. For example we can only group the patients
into colectomies based on which part of the colon was
removed, but any differences in surgical technique
have not been recorded. And in terms of complications
we have access to the number of complications in
each category, but the severity of each complication
(e.g., Clavien-Dindo classification) is not available.
Nonetheless, the extremely large size of the database
allows for many of these deficiencies to not impact on
the results. It is unlikely that the complications in one
group were all severe while the complications in the
other group were all minor.
Another limitation is the non-randomized nature
associated with any large database. These are
essentially cohort studies, and there is always a
chance for selection bias. However, by incorporating
propensity score matching into this study, we have
significantly minimized the risk of this. And finally,
other factors such as the surgeon’s experience and
procedure volume are known to impact the outcomes
[36]
but were not explored in this study .
Of course, each patient and each situation needs to
be evaluated individually. In some cases there might
be specific reasons why an open approach might be
preferable, such as extensive prior surgery, a large

WJG|www.wjgnet.com

mass or phlegmon, or surgeon comfort level. However,
in the absence of specific contraindications our study
showed better results with a laparoscopic approach.
In conclusion, this ACS NSQIP based study shows
that even in elderly patients laparoscopic partial
colectomy has better outcomes than those seen
with open partial colectomy. There were decreases
in every category of complications, they had shorter
lengths of stay and lower mortality. This improvement
in outcomes was seen even after matching the two
groups by propensity scoring, ensuring that the two
groups had similar rates of pre-operative comorbidities.
Although a randomized control trial could be done
to further the strength of the evidence, we feel the
current data indicates that elderly patients requiring
a partial colectomy should be offered a laparoscopic
approach unless otherwise contraindicated.
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Traditionally colon surgeries were done with an open approach. The
introduction of laparoscopic techniques and improvement in the technology
and instruments enabled the surgeons to adopt the laparoscopic approach for
colectomies. Patients aged 65 years and above have increased comorbidities
and are at risk for more complications, especially with longer operations. The
question is whether the benefits of laparoscopic colectomy extend to the elderly
population as well.

Research frontiers

The major areas to evaluate are mortality, morbidity and lengths of stay.
Mortality and morbidity are generally considered within the first 30 d, and
morbidity can be further subdivided into different types of complications, such
as cardiac, pulmonary, renal and infectious complications.

Innovations and breakthroughs

The current study used a very large national database that has been well
validated, the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) database. In addition, the current
study employed propensity matching in order to minimize any pre-operative
differences between the open and laparoscopic groups.

Applications

This study shows that the laparoscopic approach was associated with lower
mortality, lower complications of every type and shorter lengths of stay. This
is important when surgeons are faced with elderly patients requiring a partial
colectomy. This study points to the laparoscopic approach being the preferred
method in the absence of any contraindications. Future research areas would
include a large scale randomized control trial in this patient population.

Terminology

Partial colectomy refers to removal of a part of the colon. In this particular study
this included an anastomosis between the remaining parts, as colostomy cases
were excluded. Elderly in this study referred to patients aged 65 and above.
Propensity matching refers to the statistical methods employed in order to
ensure that two different groups are matched to become similar with respect to
the chosen variables.

Peer-review

This is a large database study of colorectal surgery in the elderly, which is
overall well written and nicely structured. The conception of the study is simple
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Abstract
AIM: To elucidate the clinicopathological characteristics
of clinically early gastric cancer in the upper-third
stomach and to clarify treatment precautions.
METHODS: A total of 683 patients with clinical early
gastric cancer were enrolled in this retrospective study,
128 of whom had gastric cancer in the upper-third
stomach (U group). All patients underwent a double
contrast barium examination, endoscopy, and computed
tomography (CT), and were diagnosed preoperatively
based on the findings obtained. The clinicopathological
features of these patients were compared with those
of patients with gastric cancer in the middle- and
lower-third stomach (ML group). We also compared
clinicopathological factors between accurate-diagnosis
and under-diagnosis groups in order to identify factors
affecting the accuracy of a preoperative diagnosis of
tumor depth.
RESULTS: Patients in the U group were older (P =
0.029), had a higher ratio of males to females (P =
0.015), and had more histologically differentiated
tumors (P = 0.007) than patients in the ML group.
A clinical under-diagnosis occurred in 57 out of 683
patients (8.3%), and was more frequent in the U
group than in the ML group (16.4% vs 6.3%, P <
0.0001). Therefore, the rates of lymph node metastasis
and lymphatic invasion were slightly higher in the U
group than in the ML group (P = 0.071 and 0.082,
respectively). An under-diagnosis was more frequent
in histologically undifferentiated tumors (P = 0.094)
and in those larger than 4 cm (P = 0.024). The median
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follow-up period after surgery was 56 mo (range, 1-186
mo). Overall, survival and disease-specific survival rates
were significantly lower in the U group than in the ML
group (P = 0.016 and 0.020, respectively). However,
limited operation-related cancer recurrence was not
detected in the U group in the present study.

clinical early GC in the upper-third stomach and
compared them with those in other regions. We also
determined treatment precautions for patients with
clinical early GC in the upper-third stomach.

CONCLUSION: Clinical early gastric cancer in the
upper-third stomach has distinguishable characteristics
that increase the risk of a clinical under-diagnosis,
especially in patients with larger or undifferentiated
tumors.

Patients

Key words: Upper-third stomach; Diagnosis; Gastric
cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The clinicopathological features of patients
with gastric cancer in the upper-third stomach (U
group) were compared with those of patients with
gastric cancer in the middle- and lower-third stomach
(ML group). The rate of clinical under-diagnoses was
significantly higher in the U group than in the ML group
and more frequent in histologically undifferentiated
tumors and in those larger than 4 cm.
Ichikawa D, Komatsu S, Kosuga T, Konishi H, Okamoto
K, Shiozaki A, Fujiwara H, Otsuji E. Clinicopathological
characteristics of clinical early gastric cancer in the upper-third
stomach. World J Gastroenterol 2015; 21(45): 12851-12856
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i45/12851.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i45.12851

INTRODUCTION
Although the incidence of gastric cancer (GC) has
recently plateaued, the frequency of GC in the upper[1-4]
third stomach has increased . In Asian countries,
the detection of early GC in the upper-third stomach
[2,3]
has also been increasing . Less invasive treatment
options, such as endoscopic submucosal dissection
(ESD) and laparoscopic proximal gastrectomy, have
recently been performed on patients with early GC
in the upper-third stomach in an attempt to preserve
postoperative functions and improve the quality of life
[5-9]
of these patients .
These recent findings prompted us to investigate
the clinicopathological characteristics of early GC in the
upper-third of the stomach. Treatment strategies are
generally selected based on the preoperative findings
of several examinations; therefore, we herein focused
on patients with clinical early GC (T1) diagnosed
preoperatively. In the present study, we retrospectively
examined the clinicopathological characteristics of
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MATERIALS AND METHODS
A total of 1856 patients with GC were admitted to
Kyoto Prefectural University of Medicine between 1997
and 2013. Of these, 814 patients were diagnosed
preoperatively with early GC (clinical T1) and underwent
gastrectomy at our University Hospital. Patients with
GC in the remnant stomach and with multiple GC
detected previously were excluded from this study. A
total of 683 patients with clinical T1 GC were enrolled
in this retrospective study, 128 of whom had GC in the
upper-third stomach. Of these, 59 patients underwent
proximal gastrectomy. Lymph node dissection was
performed based on the Guidelines of the Japanese
[10]
Gastric Cancer Association .

Evaluations

All patients underwent a double contrast barium
examination, endoscopy, and computed tomography
(CT) and were diagnosed preoperatively based on
the findings obtained. Tumor depth was judged
[11,12]
according to previously described criteria
.
Briefly, the endoscopic criteria for mucosal cancer
were a smooth surface protrusion, shallow and even
depression, erosion with slight marginal elevation,
or a flat or superficial spreading lesion. The criteria
for submucosal cancer were an irregular or nodular
surface with or without abnormal converging folds,
such as clubbing and abrupt cutting, an irregularbased ulcer with marginal mucosal elevation, or
marked depression with interrupted enlarged folds.
The criteria for T2 or higher tumors were irregular
based ulceration surrounded by a tumorous bank or
marked depression when the tips of converging folds
were elevated and merged. In CT examinations, nonvisualized lesions and tumors confined to the inner or
middle layers of the gastric wall were diagnosed as
clinical T1 tumors, and full-thickness wall thickening
with/without an irregular surface on the outer layer
surrounding the tumors were diagnosed as clinical T2
[13-15]
or higher tumors
. Endoscopic ultrasonography
was also performed in some patients, and the depth of
tumor invasion was assessed based on the generally
accepted 5-layer sonographic structure of the gastric
wall, as recommended by the Union Internationale
Contre le Cancer (UICC)/American Joint Cancer Com
mittee (AJCC). The clinicopathological features of
these patients were reviewed retrospectively from
hospital records and compared with those of patients
with GC in the middle- and lower-third stomach.
Helicobacter pylori infection was not necessarily
examined in all cases in this study, therefore, we
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Table 1 Clinicopathological characteristics of cT1 gastric
cancer in the upper-third stomach
Upper
Age (yr)

66.1

Middle or
Lower
62.8

Table 2 Comparison of clinicopathological factors between
accurate- and under-diagnosis groups

P value
0.029

Age (yr)

Under
diagnosis

< 65
65

44
63

9
12

0.088

Male
Female

77
30

17
4

0.390

Localized
Diffuse

33
74

4
17

0.280

Diff.2
Undiff.3

76
31

11
10

0.094

< 40
40
Unknown

81
26
3

11
10
1

≥

Sex

Macroscopic1

Histology

Male
Female

94
34

344
211

Localized
Diffuse
Unknown

37
91
0

148
405
2

0.620

Diff.2
Undiff.3
Unknown

87
41
0

301
247
7

0.0072

0.015

Sex

Macroscopic1

Histology

Size (mm)
Size (mm)
pT4

pN5

ly6

v7

30.9

28.9

0.340

T1
T2
Unknown

107
21
0

519
35
1

Negative
Positive

115
13

523
32

Negative
Positive
Unknown

98
27
3

457
82
16

0.082

Negative
Positive
Unknown

110
15
3

497
42
16

0.130

≥

< 0.0001

1

Macroscopic: Macroscopic findings; 2Diff.: Differentiated adenocarcinoma;
Undiff.: Undifferentiated adenocarcinoma.

0.071

RESULTS
Clinicopathological features of clinical T1 GC in the
upper-third stomach

Macroscopic: Macroscopic findings; 2Diff.: Differentiated adenocarcinoma;
Undiff.: Undifferentiated adenocarcinoma; 4pT: Pathological T-category;
5
pN: Pathological lymph node metastasis; 6ly: Lymphatic invasion; 7v:
Venous invasion.
3

could not compare infection rates between the two
groups. We also compared clinicopathological factors
between accurate-diagnosis and under-diagnosis
groups in order to identify the factors affecting the
accuracy of a preoperative diagnosis of tumor depth.
The macroscopic and microscopic classifications of GC
were based on the Japanese Classification of Gastric
[10]
Carcinoma .

Continuous data were compared using the t-test or
2
Mann-Whitney U test. The χ test was used to evaluate
differences in the proportion of clinicopathological
variables. Overall survival (OS) and disease-specific
survival (DSS) rates were calculated by the KaplanMeier method, with the date of gastrectomy as
the starting point. Only deaths from postoperative
complications and GC recurrence were considered
in the analysis of DSS. Differences in survival were
examined by the log-rank test. All statistical analyses
were performed using Stat View 5.0 software (SAS
Institute, Cary, NC, United States). The significance of
differences was accepted at P < 0.05.

WJG|www.wjgnet.com

0.024

3

1

Statistical analysis

P value

Accurate
diagnosis

The mean patient age was 63.4 years (range, 28-89
years), and the male: female ratio was 1.79:1. The
median tumor size was 29.3 mm (range, 5-145 mm).
The clinicopathological characteristics of patients and
tumors in the upper-third stomach (U group) and
middle- and lower-third of the stomach (ML group) are
shown in Table 1. Patients in the U group were older,
had a higher ratio of males to females, and had more
histologically differentiated tumors than patients in the
ML group. The number of pathological T2 or deeper
tumors that had been clinically under-diagnosed was
significantly higher in the U group than in the ML
group. Therefore, the rates of lymph node metastasis
and lymphatic invasion were slightly higher in the U
group than in the ML group.

Factors affecting the accuracy of a preoperative
diagnosis of tumor depth

A clinical under-diagnosis occurred in 57 out of
683 patients (8.3%) and was more frequent in the
U group than in the ML group (16.4% vs 6.3%).
The clinicopathological features of patients in the
U group with an accurate-diagnosis and underdiagnosis are listed in Table 2. Although an underdiagnosis was more frequent in large and histologically
undifferentiated tumors, the histological difference was
not significant.

Long-term prognosis of clinical T1 GC in the upper-third
stomach

The median follow-up period after surgery was 56 mo
(range, 1-186 mo). Thirty-four deaths, including 10
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80
Survival (%)

B 100

Survival (%)

A 100

60
40
ML
U

20
0

0

1

60
40
ML
U

20

2
3
Years after surgery

4

5

0

0

1

2
3
Years after surgery

4

5

Figure 1 Comparison of survival curves in patients with clinically early gastric cancer in the upper-third stomach (U group) and in the more distal stomach
(ML group). A: Overall survival (OS); B: Disease-specific survival (DSS). OS and DSS rates were significantly lower in the U group than in the ML group (P = 0.016
and 0.020, respectively).

disease-related deaths, occurred during the follow-up
period. Recurrence was noted in six patients (two and
four patients in the U and ML groups, respectively),
while four patients (three and one patients in U
and ML groups, respectively) died of postoperative
complications. Recurrence patterns were peritoneal
dissemination in two patients, para-aortic lymph node
metastasis in two, and hematogenous metastasis in
two. OS and DSS rates were significantly lower in the
U group than in the ML group (Figure 1). However,
limited operation-related cancer recurrence was not
detected in the U group in the present study.

DISCUSSION
The present study clearly showed that clinical T1 GC in
the upper-third stomach has features that distinguish
it from GC in other regions of the stomach, including
older patients, a higher ratio of males to females, and
more histologically differentiated tumors. Regarding
[16]
the histological type, Kunisaki et al
also reported
that patients with tumors in the upper-third stomach
more frequently had differentiated tumors. However,
the frequency of tumor differentiation may vary
markedly between different countries, as previously
[17]
reported .
The results of the present study revealed that
clinical T1 GC in the U group was associated with a
higher incidence of under-diagnosis of advanced GC
(T2 or higher) in pathological examinations compared
to the ML group. Since the extent of gastric resection
and lymph node dissection is slightly narrower in
such limited treatment options, accurate preoperative
diagnoses are crucial for determining individualized
treatment strategies. Early GC, which is confined to
the mucosa and/or submucosa, has been diagnosed
preoperatively based on the findings of upper barium
[11,12]
contrast examinations and gastroscopy
. Endo
scopic ultrasonography and multi-detector computed
tomography have recently been utilized for more
accurate diagnoses; however, preoperative under-
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diagnoses represent a frequent problem in the clinical
[18-20]
staging of early GC
. The major drawback of this
study was that endoscopic ultrasonography was not
performed on all of the study patients. However, several
recent studies indicated that endoscopic ultrasonography
did not impact pretreatment staging of tumor depth,
[21-24]
especially in patients with early GC
. The diagnostic
accuracy of the depth of tumor invasion is considered to
[25,26]
[26]
be affected by several factors
. Kim et al reported
that histologically undifferentiated-type tumors were
associated with lower diagnostic accuracy of endoscopic
assessments in preoperatively predicted tumor invasion,
and the probability of a clinical under-diagnosis was
significantly high. However, the number of histologically
differentiated-type tumors was significantly higher in the
U group than in the ML group in this study; therefore,
the histological type was not involved in the underdiagnosis of clinical T1 in the U group. Other possible
explanations for the predisposition toward an underdiagnosis are anatomy-related factors. Muscle bundles
of the lamina muscularis mucosae are separated by
wide spaces, are relatively sparse, and have a reticular
arrangement in the cardia. In the more distal stomach,
the spaces between the muscle bundles are narrower
with a more dense reticular arrangement and a linear
[27]
arrangement . Therefore, superficial cancer may
be vulnerable to infiltration to the muscle layer of the
gastric wall. Another explanation is that fixation of the
gastric wall to the diaphragm and retroperitoneum via
a bare area of the stomach may reduce changes in the
luminal face, which may play a role in the discrepancy
observed between clinical and pathological diagnoses of
tumor infiltration. Further investigations are needed in
order to elucidate the exact reasons why tumors in the
upper-third stomach are predisposed to clinical underdiagnosis.
Functional preservation operations, such as
proximal gastrectomy and/or limited lymph node
dissection, are now more likely to be performed on
patients with clinically early GC in the upper-third
[6-8]
stomach
. Previous studies demonstrated that
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proximal gastrectomy with regional lymphadenectomy
was satisfactory for early GC in the upper-third
[6,8,28,29]
stomach
; however, populations were collected
based on pathological examinations in most of these
studies. In these conservative operations, clinical
under-diagnoses carry the potential risk of incomplete
treatments. This study clearly demonstrated that a
clinical under-diagnosis correlated with the presence
of large and undifferentiated tumors; therefore, the
potential risk of clinical underestimations needs to be
considered in patients with these tumors.
The present study also investigated the long-term
outcomes of clinical T1 GC in the upper-third stomach
and compared them with those of patients who had GC
in the more distal stomach. Patients with clinical T1 GC
in the ML group had significantly better OS and DSS
rates than those in the U group; however, the older
mean age and higher rates of fatal complications in
the U group appeared to be associated with decreased
survival rates.
In conclusion, clinically early GC in the upper-third
stomach has distinguishable characteristics from the
more distal stomach, and the risk of a clinical underdiagnosis is greater in GC in the upper-third stomach,
especially in patients with undifferentiated tumors or
those larger than 4 cm. Particular attention is needed
for the indication of limited operations in patients with
those tumors.

upper-third stomach has distinguishable characteristics from the distal stomach
that increase the risk for clinical under-diagnosis. Therefore, particular attention
is needed for the indication of limited operations in patients with these tumors.
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Abstract
AIM: To investigate the safety and feasibility of
needlescopic grasper-assisted single-incision laparoscopic
common bile duct exploration (nSIL-CBDE) by comparing
the surgical outcomes of this technique with those of
conventional laparoscopic CBDE (CL-CBDE).
METHODS: We retrospectively analyzed the clinical
data of patients who underwent CL-CBDE or nSILCBDE for the treatment of common bile duct (CBD)
stones between January 2000 and December 2014.
For performing nSIL-CBDE, a needlescopic grasper was
also inserted through a direct puncture below the right
subcostal line after introducing a single-port through
the umbilicus. The needlescopic grasper helped obtain
the critical view of safety by retracting the gallbladder
laterally and by preventing crossing or conflict between
laparoscopic instruments. The gallbladder was then
partially dissected from the liver bed and used for
retraction. CBD stones were usually extracted through
a longitudinal supraduodenal choledochotomy, mostly
using ﬂushing a copious amount of normal saline through
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a ureteral catheter. Afterward, for the certification of
CBD clearance, CBDE was performed mostly using a
ﬂexible choledochoscope. The choledochotomy site
was primarily closed without using a T-tube, and
simultaneous cholecystectomies were performed.
RESULTS: During the study period, 40 patients
underwent laparoscopic CBDE. Of these patients, 20
underwent CL-CBDE and 20 underwent nSIL-CBDE. The
operative time for nSIL-CBDE was significantly longer
than that for CL-CBDE (238 ± 76 min vs 192 ± 39 min,
P = 0.007). The stone clearance rate was 100% (40/40)
in both groups. Postoperatively, the nSIL-CBDE group
required less intravenous analgesic (pethidine) (46.5
± 63.5 mg/kg vs 92.5 ± 120.1 mg/kg, P = 0.010) and
had a shorter hospital stay than the CL-CBDE group
(3.8 ± 2.0 d vs 5.1 ± 1.7 d, P = 0.010). There was no
significant difference in the incidence of postoperative
complications between the two groups.
CONCLUSION: The results of this study suggest that
nSIL-CBDE could be safe and feasible while improving
cosmetic outcomes when performed by surgeons trained
in conventional laparoscopic techniques.
Key words: Choledocholithiasis; Choledochotomy;
Common bile duct exploration;Laparoscopy; Singleincision laparoscopic surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Though single-incision laparoscopic surgery
has been applied in various fields worldwide, the
reports on the single-incision laparoscopic common
bile duct exploration (SIL-CBDE) are very limited,
possibly due to technical difficulties. In this study, we
were intended to overcome these difficulties by using
additional 2-mm needlscopic grasper. This grasper
is separately entered into the right abdomen by a
puncture, and helps to form a stable trangulation
with the transumbilically placed instruments. Our SILCBDE resulted in comparable surgical outcomes as
conventional laparoscopic CBDE, indicating that the
nSIL-CBDE is not only cosmetically acceptable but also
provides both operative safety and feasibility.
Kim SJ, Kim KH, An CH, Kim JS. Innovative technique of
needlescopic grasper-assisted single-incision laparoscopic
common bile duct exploration: A comparative study. World J
Gastroenterol 2015; 21(45): 12857-12864 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12857.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12857

INTRODUCTION
The introduction of single-incision laparoscopic surgery
(SILS) has offered significant advantages to patients,
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including nearly scarless wounds and reduced wound
[1-11]
morbidity
. In the same time, it has also increased
the burden on surgeons because the entire operation
is performed solely through one small incision.
Accordingly, SILS is usually limited to operations in
which the procedure is uncomplicated or less technically
[12-14]
demanding
. Common bile duct exploration (CBDE)
is a complicated surgery that includes a series of steps
such as choledochoscopic lithotripsy and common bile
duct (CBD) repair. Hence, reports on single-incision
[15-17]
laparoscopic (SIL) CBDE are limited
.
Recent advances in techniques and instruments
have led to a progression of laparoscopic CBDE
procedure. Moreover, current trends of no T-tube
implementation during CBDE have further simplified
[18-23]
the procedure
. Thus, these changes have opened
wide the way for SIL-CBDE. Here, we describe
needlescopic grasper-assisted single-incision CBDE
(nSIL-CBDE). This technique is a modification of
SIL-CBDE in order to reproduce the environment
of laparoscopic CBDE by the addition of a very fine
(2-mm) needlescopic grasper apart from the umbilical
port. Simple addition of the needlescopic grasper to
SIL-CBDE was expected to simultaneously enhance
operative proficiency and minimize wound trauma.
In this study, we aimed to demonstrate the safety
and operative feasibility of nSIL-CBDE by comparing
the surgical outcomes of nSIL-CBDE with those of
conventional laparoscopic CBDE (CL-CBDE).

MATERIALS AND METHODS
Study design and data collection

We performed a retrospective analysis of prospec
tively collected data from patients who underwent
laparoscopic CBDE - either CL-CBDE or nSIL-CBDE for stone(s) in the Department of Surgery, Uijeongbu
St. Mary’s Hospital, College of Medicine, the Catholic
University of Korea, between January 2000 and
December 2014. The Ethics Committee at Uijeongbu
St. Mary’s Hospital (IRB code: UC15RISI0027)
approved the study. A total 40 laparoscopic CBDE
procedures were performed during the study period.
Preoperatively, all the patients underwent ultra
sonography, computed tomography, or magnetic
resonance cholangiography. The inclusion criteria for
CL-CBDE and nSIL-CBDE were identical and included
all types of CBD stones that were estimated from
preoperative evaluations, regardless of the severity of
the inflammation or a history of abdominal laparotomy.
In March 2012, we first performed nSIL-CBDE, and
since then nSIL-CBDE was considered first for all the
patients with CBD stone(s). The exclusion criteria for
both CL-CBDE and nSIL-CBDE included CBD stone(s)
combined with hepatolithiasis, lesion(s) suspected to
be malignant, an American Society of Anesthesiologists
(ASA) physical status classification of IV or V, severe
medical conditions such as a recent history of myo
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Figure 1 External view of needlescopic grasper-assisted single-incision
laparoscopic common bile duct exploration. The needlescopic grasper (black
arrow) was used for traction through a direct puncture on the right abdomen
along the right anterior axillary line. The snake liver retractor (white arrow) was
used for cephalad traction of the liver to obtain better visualization.

cardial infarction, and combined operation(s) outside
the biliary tract. The total follow-up duration was 61.1
(6-171) mo.
The operative time was defined as the interval
between the initial skin incision and the completion of
wound closure as documented by the anesthesiologist.
Open conversion was deﬁned as completion of the
operation with an incision for open surgery. In terms
of postoperative complications, a minor bile leak was
defined as bile drainage from the drain site prior to
the seventh postoperative day that did not require
radiological or operative interventions.

Needlescopic grasper-assisted single-incision
laparoscopic common bile duct exploration technique

Under general anesthesia, patients were placed in the
supine position, and the monitor was placed on the
right-hand side of the patient, opposite the operating
surgeon. In performing CL-CBDE, standard 4-port
approach was utilized: one 10-mm infra-umbilical port
for laparoscope, one 5-mm subxipholdal, one 5-mm
right ﬂank, and one 5-mm ports along the midclavicular
line below the right subcostal region. After meticulous
dissecting the Calot’s triangle, the critical view of
safety was obtained. The cystic artery was clipped
and divided, and then cystic duct was clipped. After
making 5- to 10-mm vertical choledochotomy, CBD
stone retrieval was attempted using a Stonebasket
forcep (Olympus), Fogarty catheter, or triﬂange
forceps (through a rigid nephroscope). To confirm the
clearance of CBD, intraoperative cholangiography or
flexible choledochoscopic exploration was performed.
After CBD repairing, the gallbladder was completely
removed from the liver, and trocar sites were repaired.
In performing nSIL-CBDE, a single, 25-mm vertical
incision was made on the umbilicus and a dissection
performed down to the peritoneum. Thereafter, a
commercial single-port (SILSTM port; Covidien,
Mansfield, MA) was then introduced through the
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umbilicus. The instruments used through the single port
were a 5-mm grasper (Echicon Endosurgery, Cincinnati,
OH), liver retractor (Snake retractor; Snowden Pencer,
Tucker, GA), and laparoscope (Endoeye Flex 10 mm
videoscope; Olympus, Tokyo, Japan). The grasper was
replaced intermittently with a hook cautery and suction
probe (Endopath Electrosurgery Probe Plus II; Echicon
Endo-Surgery, Cincinnati, OH) for meticulous dissection.
The snake retractor played a substantial role in
achieving operative vision by pushing the hepatic hilum
upwards in the direction of the cephalad. EndograbTM
internal retractor (Virtual Ports, Misgav, Israel) was
intermittently used to assist in obtaining optimal
retraction of the liver.
After abdominal insufflation, a needlescopic grasper
(Minilap Grasper, Stryker, San Jose, CA or EndoRelief,
Hirata Precision Co., Japan) was also inserted through
a direct puncture below the right subcostal line
along the right anterior axillary line (Figure 1). The
needlescopic grasper helped obtain the critical view of
[24]
safety (CVS)
by retracting the gallbladder laterally
and by preventing crossing or conflict between
laparoscopic instruments.
After dissection and identification of cystic artery
®
and duct, they were ligated with 5-mm Hem-o-lok
clips (Weck Closure Systems, Research Triangle Park,
NC), and then transected using laparoscopic scissors.
The gallbladder was partially dissected from the liver
bed and used for retraction. For CBD stone(s) retrieval,
a longitudinal supraduodenal choledochotomy was
made using an endoknife (Karl-Storz, Tuttlingen,
Germany). Stones and debris from the CBD were
extracted either by ﬂushing a copious amount of
normal saline through a ureteral catheter (3 - 5
French) or by using a Fogarty balloon catheter.
Afterwards, for the detection of residual CBD
stone(s), CBDE was performed using a ﬂexible
choledochoscope (11-Fr, 30°; Karl-Storz). During
choledochoscope manipulation (Figure 2), the need
lescopic grasper effectively assisted the insertion of
the choledochoscope into the CBD and changes in
direction. It gently pushed the choledochoscope toward
upper and lower part of the CBD to properly visualize
both directions, enabling thorough visualization of both
the upper (up to the right and left hepatic ducts) and
lower (down to the papilla) portion of the CBD. Any
residual stones were removed using a Stonebasket
forcep or Fogarty catheter. In extracting residual
stones, we selectively used a rigid nephroscope (17-Fr,
6°; Karl-Storz). It accommodates wide graspers,
thereby making it possible to extract large stones
under the direct vision. Therefore, it was commonly
indicated at the time of failing to extract stones using
stonebasket forcep or Fogarty catheter.
After CBD clearance, the choledochotomy site was
primarily closed without using a T-tube. Initially, it was
interruptedly repaired using a laparoscopic suturing
®
device (Lap-suture ; Sejong Medical, Seoul, Korea).
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Figure 2 Operative illustrations of needlescopic grasper-assisted single-incision laparoscopic common bile duct exploration. The needlescopic grasper
helped with obtaining a critical view of safety by retracting the gallbladder laterally (A). After ligation and transection of the cystic artery and duct, the common bile
duct (CBD) was opened longitudinally using an endoknife (B) The CBD stones were extracted through various methods including direct extraction (C) or the use of
a stone basket (D). After extraction of the CBD stones, completion choledochoscopy was performed to check for the presence of remnant stone(s) (E). After CBD
clearance, the choledochotomy was primarily closed using either interrupted (F) or running sutures. Black arrows indicates lateral retraction of the gallbladder by the
needlescopic grasper. A white and a red arrows indicate the snake retractor and Endograb, respectively.

Lap-suture is a pre-knotted suturing material which
enables convenient suturing just by suturing, passing
the needle through the pre-knotted hole, and then
tightening it by pushing using a bar. Thereafter, it was
replaced with continuous suturing using an absorbable
®
monofilament suture (PDS 6/0 Ethicon; Johnson
and Johnson, Somerville, NJ). During intracorporeal
suturing, the needlescopic grasper assisted a 5-mm
straight needle holder (ENDOPATH Needle holder;
Ethicon Endo-surgery) which had been entered via the
transumbilical port.
We next dissected the gallbladder completely away
from the liver. The resected gallbladder was placed in
a specimen bag and was subsequently extracted from
the abdomen through the umbilical wound. A Jackson-
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Pratt drain was placed in the subhepatic space, if
necessary. After abdominal deflation, intraumbilical
fascial defects and transumbilical skin incisions were
closed with interrupted sutures.

Statistical analysis

Numeric data were presented as the mean and
standard deviation or as the median and range.
Continuous variables were analyzed using independent
t-tests or Wilcoxon rank-sum tests. Categorical
variables or proportions were compared using Pearson
χ 2 tests or Fisher exact tests when appropriate.
Statistical analyses were performed using SPSS
version 15.0 (SPSS Inc., Chicago, IL). All P values were
two-tailed. Statistical signiﬁcance was accepted for P
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Male patients accounted for 45% (18/40) of the total
patients in the study. The mean body mass index (BMI)
2
was 23.8 ± 3.8 (17.2-34.8) kg/m . Table 1 shows a
summary of comparisons in patient demographics and
preoperative clinical parameters. The two operative
groups were similar in age, sex, and BMI. Laboratory
and radiological variables were also comparable
between the two groups. However, a comparison of
the ASA classifications in the two groups revealed that
patients with more severe conditions were included in
the CL-CBDE group (P = 0.010).
We classified the operative indications for lapa
roscopic CBDE into two categories: primary intervention
and secondary intervention. The secondary intervention
category was further subdivided into the inability
or failure of therapeutic endoscopic retrograde cho
langiopancreatography (ERCP) and remnant CBD
stone(s) after ERCP attempt(s). We compared the
operative indications between the two groups. CLCBDE group included 37% (7/21) of patients with
primary intervention, and nSIL-CBDE group included
75% (15/21) of patients with primary intervention (P =
0.025).

Table 1 Demographic and preoperative patient characteristics
n (%)
CL-LCBDE
(n = 20)

nSIL-CBDE
(n = 20)

Age (yr)
51.0 ± 19.3
60.5 ± 17.2
Male:female
9:11
9:11
Body mass index
(kg/m²)
mean ± SD
25.00 ± 3.97
22.55 ± 2.69
median (range)
25.10 (19.60-34.80) 22.45 (17.16-27.69)
ASA classification
1
3 (15)
10 (50)
2
15 (75)
10 (50)
3
2 (10)
0 (0)
Comorbidity
CCI = 0
17 (85)
20 (100)
CCI ≥ 1
3 (15)
0 (0)
Previous abdominal
4 (20)
4 (20)
surgery)
Laboratory parameters
Total leukocyte count
9117 ± 3756
9123 ± 2569
(cells/mm3)
ALT (IL/dL)
319 ± 267
215 ± 240
Total bilirubin
3.71 ± 2.24
2.18 ± 2.02
(mg/dL)
Alkaline phosphatase
610 ± 321
453 ± 342
(IL/dL)
Radiological
parameters
Gallbladder wall
4 (20)
7 (35)
thickening (≥ 4 mm)
Acute cholangitis
17 (85)
14 (70)
CBD stone(s)
Definite
18 (90)
19 (95)
Suspicious
2 (10)
1 (5)
Indication of CBDE
Primary intervention
7 (35)
15 (75)
Secondary
13 (65)
5 (25)
intervention
After ERCP failure
7 (35)
5 (25)
Remnant CBD
6 (30)
0 (0)
stone(s) after ERCP
Admission route
ER
12 (60)
13 (65)
OPD
8 (40)
7 (35)

P value
0.068
0.064

0.010

0.231

1.000

0.274
0.068
0.079
0.069

Comparison of operative and postoperative outcomes
0.480
0.294
1.000

0.025

1.000

ALT: Alanine transaminase; CBD: Common bile duct; CCI: Charlson
comorbidity index; CL-CBDE: Conventional laparoscopic common bile duct
exploration; ER: Emergency room; ERCP: Endoscopic retrograde cholangio
pancreatography; nSIL-CBDE: Needlescopic grasper-assisted single-incision
laparoscopic common bile duct exploration; OPD: Outpatient clinic.

values < 0.05.

RESULTS
Comparison of the baseline characteristics between
patients who underwent conventional laparoscopic
or needlescopic grasper-assisted single-incision
laparoscopic common bile duct exploration

A total of 40 patients who underwent laparoscopic
CBDE during the study period were included in this
study. Of these patients, 20 (50%) underwent CLCBDE and 20 (50%) underwent nSIL-CBDE. The
mean patient age was 55.8 ± 18.7 (25-81) years.
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We next compared the operative results following CLCBDE and nSIL-CBDE (Table 2). The operative time
in the nSIL-CBDE group was significantly longer than
that of the CL-CBDE group (238 ± 76 min vs 192 ± 39
min, P = 0.007). There was no significant difference in
the estimated blood loss. The mean size and number
of CBD stones that were retrieved were comparable.
Successful retrievals of CBD stone(s) were reported
in both groups, and there was no open conversion or
addition of another port(s) during the procedure. Two
methods were used to detect remnant stone(s) after
CBD stone retrieval: completion cholangiography and
completion choledochoscopy. All CL-CBDE patients,
but not all nSIL-CBDE patients, underwent completion
cholangiography (P = 0.018). Instead, all the nSILCBDE patients underwent completion choledochoscopy.
In addition, Jackson-Pratt drains were less frequently
placed in the nSIL-CBDE patients than in the CL-CBDE
patients (15% vs 95.0%, P < 0.001).
Postoperatively, the nSIL-CBDE group had lesser
intravenous analgesic (pethidine) administration (46.5
± 63.5 mg/kg vs 92.5 ± 120.1 mg/kg, P = 0.010)
and shorter duration of hospitalization (3.8 ± 2.0 d vs
5.1 ± 1.7 d, P = 0.010). Postoperative complications
were comparable between the two groups. Specifically,
CL-CBDE group included one patient with infected
subhepatic fluid collection, and nSIL-CBDE group
included one patient with minor bile leak and the other
patient with subhepatic hematoma.

DISCUSSION
To our best knowledge, this study was the first to
compare CL-CBDE with nSIL-CBDE. Although nSIL-
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Table 2 Operative results of patients who underwent laparo
scopic common bile duct exploration n (%)
CL-LCBDE
(n = 20)

nSIL-CBDE
(n = 20)

Operative time
(skin to skin, min)
mean ± SD
192 ± 39
238 ± 76
median (range)
197.5 (115-245) 215.0 (125-365)
Estimated blood loss (mL)
132 ± 309
75 ± 161
Completion cholangiogram
5 (25)
0 (0)
Completion
16 (80)
20 (100)
choledochoscopy
Stone clearance
20 (100)
20 (100)
CBD stone
Single CBD stone
12 (60)
9 (45)
Multiple CBD stones
8 (40)
11 (55)
Mean number of CBD
1.9 ± 1.7
3.0 ± 3.2
stone extracted
The largest diameter of
CBD stone (mm)
mean ± SD
12.3 ± 3.8
14.1 ± 4.6
median (range)
14.0 (5.0-15.8) 13.6 (7.0-20.0)
Open conversion
0
0
Addition of another port
0
0
Gallbladder pathology
Gangrene/empyema
1 (5)
4 (20)
Acute inflammation
3 (15)
3 (15)
Chronic inflammation
16 (80)
13 (65)
Drain placed
19 (95)
3 (15)
Pethidine dose (mg/kg)
92.5 ± 120.1
46.5 ± 63.5
Postoperative hospital stay
(d)
mean ± SD
5.1 ± 1.7
3.8 ± 2.0
median (range)
5.0 (2.0-8.0)
3.0 (2.0-9.0)
Postoperative complication
Infected subhepatic
1
0
collection
Minor bile leak
0
1
Subhepatic seroma
0
1

P value
0.007

0.101
0.018
0.037
1.000
0.348

0.316
0.624

1.000
1.000
0.234

< 0.001
0.010
0.010

0.275

CBD: Common bile duct; CL-CBDE: Conventional laparoscopic common
bile duct exploration; nSIL-CBDE: Needlescopic grasper-assisted singleincision laparoscopic common bile duct exploration.

CBD increased the total operative time, it significantly
reduced both intravenous analgesic administration
and the length of hospital stay. The two groups
were similar in other variables, including the CBD
clearance rate, open conversion rate, and incidence
of postoperative complications. Besides, nSIL-CBDE
has intuitive advantages of cosmetic superiority and
lessened wound morbidity. Therefore, we conclude
that nSIL-CBDE is a reasonable alternative to CLCBDE when performed by a surgeon with sufficient
laparoscopic experience.
Patients prefer cosmesis and quality of life, as long
[25]
as their safety is guaranteed . nSIL-CBDE provides
cosmetic superiority because it reproduces laparoscopic
CBDE environment using the nearly scarless incisions.
nSIL-CBDE exclusively leaves two trivial wounds; one
is usually concealed in the umbilicus and the other
is often negligible because it is made by a puncture
of a 2-mm instrument. Moreover, though we could
not detect possibly due to relatively small patient
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population, nSIL-CBDE is expected to reduce wound
morbidity, as the number of port(s) is correlated with
the number of the port-related complications, including
trocar site hernia, and injury to the vessels, bowel,
[26-28]
and other intra-abdominal organs
. Therefore, we
believe that reducing the possibility of wound morbidity
would be a major advantage of nSIL-CBDE.
Although SILS has been applied in various fields
[11,12,29,30]
during the past two decades
, technical difficulties
has prevented widespread use of SIL-CBDE to the
patients with CBD stone(s). However, as SILS experiences
have been accumulated, the more refined surgical
techniques and instruments have been overcoming
the significant proportion of the technical difficulties.
For instance, it has been considered challenging to
appropriately manipulate the choledochoscope during
SIL-CBDE. In nSIL-CBDE, however, this difficulty can be
circumvented by the addition of a convenient guiding
grasper which is aligned with the laparoscope in a
triangular shape. Likewise, nSIL-CBDE provides a similar
environment as CL-CBDE in terms of the handling of the
choledochoscope.
CBD repair is one of the most challenging step
during laparoscopic CBDE and has been performed
with various techniques. The degree of difficulty is
particularly increased when the T-tube is inserted into
the CBD. However, data from a recent meta-analysis
have provided evidence that primary closure instead of
T-tube drainage is superior in terms of operative time,
overall postoperative complications, and postoperative
[31,32]
hospital stay associated with laparoscopic CBDE
.
In our study, we performed primary closure in all
patients who underwent laparoscopic CBDE. After
retrieval of CBD stones, open CBD can be primarily
closured by either interrupted or continuous sutures.
We initially performed interrupted suturing using
laparoscopic suture loops, but later changed to
continuous sutures using 6.0 PDS. Recently, an
increasing number of reports have described the use
of continuous suturing, which is also supported by
[18,19,22,33]
favorable long-term outcomes
. We think that
although continuous suturing may initially result in
increased operative time, with practice, it may actually
shorten the total operative time.
We believe that nSIL-CBDE is particularly advan
tageous in CBD repair. During CL-CBDE, the needle
holder, which is usually inserted through an epigastric
port, reaches the CBD at an oblique angle. This
alignment often hinders the stable performance of
CBD repair. However, during nSIL-CBDE, the needle
holder is inserted through the umbilicus and reaches
the CBD nearly vertically, which allows comfortable
suturing. We used two kinds of needlescopic graspers
TM
TM
for assistance: the Minilap and Endorelief graspers.
TM
TM
While the Minilap has a 2-mm forceps, Endorelief
has a 5-mm forceps, enabling a grasping power
equivalent to that of a 5-mm grasper. After a period of
TM
testing, we preferred to use the Endorelief , because
it provided an operative efficiency that was equivalent
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to that of the 5-mm grasper.
The nSIL-CBDE group had significantly longer
operative times than the CL-CBDE group (237.8 ±
76.4 min vs 192.1 ± 39.0 min, P = 0.007). The most
of nSIL-CBDE were performed during a learning
period. Therefore, we expected that the operative
times of nSIL-CBDE would be shorter once the learning
curve was completed. In addition, although the series
of nSIL-CBDE are our early experience, nSIL-CBDE
significantly reduced the requirement for intravenous
analgesic administration (P = 0.010) and the duration of
hospitalization (P = 0.010). However, drain placement
[34]
is one of the factors influencing postoperative pain ,
and nSIL-CBDE group lesser placed the drain (15% vs
95%, P < 0.001). Therefore, further investigation is
required to determine whether or not nSIL-CBDE has
the potential to reduce postoperative pain.
This study had several limitations. Because it
was a retrospective study with a small sample size,
future prospective randomized trials are required to
definitively determine the efficacy and safety of nSILCBDE. In addition, the patient distribution was not
completely balanced between the two groups. CLCBDE group included more patients who had high
ASA score (P = 0.010). However, it seems not to be
substantial because no differences observed in the
other variables reflecting degree of inflammation,
such as the serum leukocyte count, total bilirubin
level, and radiologic findings, between the two groups.
Finally, there was a chronological difference between
the two groups. A total series of nSIL-CBDE was
followed by a series of CL-CBDE. Because both CLCBDE and nSIL-CBDE are same laparoscopic surgery
by nature, the nSIL-CBDE technique could be refined
with accumulated experience. However, because most
of the nSIL-CBDE were performed during its learning
period, we think the comparable surgical outcomes of
nSIL-CBDE demonstrate the operative feasibility of this
technique.
In conclusion, although nSIL-CBDE increased the
total operative time, it could maintain the critical view
of safety throughout the procedure. nSIL-CBDE showed
similar surgical outcomes as CL-CBDE, especially in
the CBD clearance rate and the incidences of open
conversion and postoperative complications. Moreover,
nSIL-CBDE significantly reduced requirement of
postoperative analgesics and length of the postoperative
hospital stay. Therefore, we think nSIL-CBDE could
provide both operative safety and feasibility while
improving cosmetic outcomes.
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Abstract
AIM: To evaluate the long-term outcomes of Oddi
sphincter preserved cholangioplasty with hepaticosubcutaneous stoma (OSPCHS) and risk factors for
recurrence in hepatolithiasis.
METHODS: From March 1993 to December 2012, 202
consecutive patients with hepatolithiasis underwent
OSPCHS at our department. The Oddi sphincter
preserved procedure consisted of common hepatic
duct exploration, stone extraction, hilar bile duct plasty,
establishment of subcutaneous stoma to the bile duct.
Patients with recurrent stones can undergo stone
extraction and/or biliary drainage via the subcutaneous
stoma which can be incised under local anesthesia. The
long-term results were reviewed. Cox regression model
was employed to analyze the risk factors for stone
recurrence.
RESULTS: Ninety-seven (48.0%) OSPCHS patients
underwent hepatic resection concomitantly. The rate
of surgical complications was 10.4%. There was no
perioperative death. The immediate stone clearance
rate was 72.8%. Postoperative cholangioscopic
lithotomy raised the clearance rate to 97.0%. With a
median follow-up period of 78.5 mo (range: 2-233 mo),
24.8% of patients had recurrent stones, 2.5% had late
development of cholangiocarcinoma, and the mortality
rate was 5.4%. Removal of recurrent stones and/or
drainage of inflammatory bile via subcutaneous stoma
were conducted in 44 (21.8%) patients. The clearance
rate of recurrent stones was 84.0% after subsequent
choledochoscopic lithotripsy via subcutaneous stoma.
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Cox regression analysis showed that residual stone was
an independent prognostic factor for stone recurrence.
CONCLUSION: In selected patients with hepatolithiasis,
OSPCHS achieves excellent long-term outcomes, and
residual stone is an independent prognostic factor for
stone recurrence.
Key words: Hepatolithiasis; stone recurrence; Sphincter
of Oddi; hepaticoplasty; hepatectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The treatment of hepatolithiasis remains
a great challenge among various biliary operations.
Residual and recurrent stones are the most troublesome
problem after surgery. The present study introduces an
optional technique (OSPCHS) for hepatolithiasis. This
procedure keeps the Oddi sphincter intact and reduces
the postoperative reflux cholangitis, and OSPCHS
also stresses the clearance of hepatobiliary lesions.
Moreover, OSPCHS provides the recurrent patients with
the minimal invasive treatment to avoid major surgery.
OSPCHS generates a satisfactory long-term outcome
for hepatolithiasis.
Lian YG, Zhang wt, Xu Z, Ling XF, Wang LX, Hou CS, Wang
G, Cui L, Zhou XS. Oddi sphincter preserved cholangioplasty
with hepatico-subcutaneous stoma for hepatolithiasis. World J
Gastroenterol 2015; 21(45): 12865-12872 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12865.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12865

INTRODUCTION
Hepatolithiasis is a common disease in Southeast
[1]
Asia and is particularly prevalent in China . It is
characterized by repeated attacks of acute bacterial
cholangitis with subsequent formation of pigment stones
and strictures in the biliary system. Hepatolithiasis, at
present, is still difficult to treat because of the high rate
[1-3]
of residual or recurrent stones .
The definitive management of primary hepato
lithiasis is to use a multidisciplinary approach, aiming
to remove all biliary stones, establish adequate
drainage to the biliary system, resect nonfunctioning
liver segments that harbor bacteria and serve as foci
[3-5]
of infection . There are various treatment modalities
for hepatolithiasis, including hepatectomy, intrahepatic
duct exploration via choledochotomy, percutaneous
transhepatic cholangioscopic lithotripsy (PTCSL),
and Oddi sphincter preserved cholangioplasty with
[6-9]
hepatico-subcutaneous stoma (OSPCHS) . However,
postoperative residual and recurrent stones occur
[10]
in 20% of patients treated with these therapies .
Biliary-enteric anastomosis, which mostly includes
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choledochoduodenostomy and hepaticojejunostomy,
is one of the most common procedures used for
hepatolithiasis. However, our previous reports sup
ported that choledochoduodenostomy was not an
ideal approach to reduce cholangitis in hepatolithiasis
and was not the best choice in the management of
hepatolithiasis due to the loss of the anti-reflux function
[8,11]
[12]
of the sphincter of Oddi
. Herman et al
found
that patients who underwent liver resection associated
with hepaticojejunostomy had a significantly higher
recurrence rate of symptoms than patients submitted
to liver resection alone (41.2% vs 0%, respectively, P
= 0.0006). In the management of hepatolithiasis, we
emphasize both complete eradication of hepatobiliary
lesions and keeping the Oddi sphincter intact. In
1993, OSPCHS for hepatolithiasis was developed at
our hospital and quickly spread to other hospitals in
[8]
China .
Until now, the long-term outcomes of OSPCHS
and risk factors for recurrence in hepatolithiasis have
not been reported. In the current study, we reviewed
the cases with hepatolithiasis treated surgically at
our center in the past 20 years retrospectively and
evaluated the long-term outcomes of OSPCHS and risk
factors for recurrence in hepatolithiasis.

MATERIALS AND METHODS
Patient data

From March 1993 to December 2012, 202 hepato
lithiasis cases who underwent OSPCHS were analyzed
retrospectively. The patients ranged in age from 18 to
83 years with a median age of 55.0 years. The male
to female ratio was 75:127. Of the 202 patients, 136
(67.6%) had at least one attack of acute cholangitis,
62 (30.7%) had previous biliary surgery, and 154
(76.2%) had extrahepatic bile duct stones. The
demographic data of these patients are shown in Table
1. Preoperative evaluations included ultrasonography,
computed tomography (CT), magnetic resonance
cholangiopancreatography (MRCP), endoscopic
retrograde cholangiopancreatography (ERCP), and/or
percutaneous transhepatic cholangiography (PTC).
The primary long-term outcome measure was stone
recurrence. Secondary long-term outcome measures
were the development of cholangiocarcinoma and
mortality. Stone recurrence was defined as new bile
duct stone formation after complete initial clearance.

Operative indications

The indications for OSPCHS in patients with hepa
tolithiasis were as follows: (1) no evidence of sphincter
of Oddi dysfunction; (2) no indication of common
bile duct (CBD) resection; (3) hilar bile duct stenosis;
(4) biliary strictures were not completely corrected
with hepatectomy alone; and (5) bilateral or diffuse
hepatolithiasis. The indications for simultaneous
hepatectomy included: (1) hepatolithiasis associated
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A

Table 1 Patient characteristics n (%)
Patients (n = 202)
Age
Male:female
Presentation
Acute cholangitis
Jaundice
Liver abscess
Abdominal pain
Acute pancreatitis
Previous biliary operation
Cholecystectomy
Cholecystectomy plus CBD exploration
CBD exploration
Hepatectomy
Concomitant extrahepatic stones
GB stones
CBD stones
GB + CBD stones
Stone location
Left
Right
Both
Intrahepatic stricture
Liver atrophy
Biliary cirrhosis

55 (18-83)
75:127
36 (67.3)
8 (4.0)
0
54 (26.7)
4 (2.0)
62
25 (12.4)
23 (11.4)
6 (3.0)
8 (4.0)
154
14 (6.9)
94 (46.5)
46 (22.8)

B

58 (28.7)
34 (16.8)
110 (54.4)
118 (58.4)
52 (25.7)
27 (3.5)

CBD: Common bile duct.

C

with biliary stenosis; (2) atrophy or fibrosis of the
affected liver segment(s) or lobe; (3) the presence of
liver abscess; (4) Child-Pugh A liver function without
biliary cirrhosis; and (5) the patient’s general condition
was good and could tolerate the operation.

Surgical procedure

A right subcostal incision was made. Exploration of
the CBD and hepatic duct was conducted through
the incision. First, the primary or secondary bile duct
stricture rings were incised. The choledochofiber
scope was employed to remove the stone. Large
and impacted stones were fragmented with plasma
[13]
shock wave lithotripsy (PSWL) . Subsequently, the
opened bile ducts were stitched together to form a
“hepatobiliary basin” (Figure 1a). Second, a segment
of the jejunum 12-15 cm long with a vascular pedicle
was intercepted 15-20 cm away from the Treitz
ligament, and was stretched upward to the hilar
via the colon, during which care was taken to avoid
twisting the mesentery (Figure 1b). The proximal end
of the free jejunum was closed. The jejunum segment
was then flushed using 0.9% saline via the distal end.
End-to-end anastomosis was performed between
the proximal and distal ends of the jejunum. The
third step consisted of reconstructing a subcutaneous
stoma. Specifically, side-to-end anastomosis was
performed between the distal end of the free
jejunum segment and the “hepatobiliary basin” with
an anastomotic diameter of approximately 3-5 cm
(Figure 1c). The proximal end of the free jejunum
segment was settled subcutaneously in the upper
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D

Figure 1 Connecting the opened neighboring bile ducts to form a
“hepatobiliary basin” (A); Obtaining a 12-15 cm free jejunum segment with
a vascular pedicle (B); Performing a side-to-end anastomosis between the
distal end of the free jejunum segment and the “hepatobiliary basin” (C);
and Embedment in the skin after the closure of the free jejunum segment
at its proximal end (D).

1/3 segment of the incision, and was marked on the
skin (Figure 1d). During the operations, all patients
received cholangiography, CBD exploration, and T tube
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Table 2 Types of operation

Subcutaneous stoma
(n = 202)

Hepatectomy (n = 97)

B

Type of operation

n (%)

Gallbladder as a subcutaneous
stoma
Free jejunum as a subcutaneous
stoma
Left lateral sectionectomy
Left hepatectomy
Segmentectomy of segment 6
Segmentectomy of segment 5
Left hepatectomy + right anterior
segmentectomy
Segmentectomy of segment 3
Segmentectomy of segment 5 +
segment 6
Segmentectomy of segment 6 +
segment 7
Segmentectomy of segment 7 +
segment 8

99 (49.0)
103 (51.0)
65 (67.0)
19 (19.6)
5 (5.2)
1 (1.0)
1 (1.0)
1 (1.0)
1 (1.0)
3 (3.1)
1 (1.0)

was performed using the SPSS version 22 (IBM,
Armonk, New York, United States).

RESULTS
Figure 2 Oddi sphincter preserved cholangioplasty with hepaticosubcutaneous stoma in which the free jejunum segment served as
the subcutaneous stoma (A) or in which the gallbladder served as the
subcutaneous stoma (B). AW: Abdominal wall.

drainage. Drains were placed routinely in the Winslow
foramen and/or the subphrenic space in all patients.
There are two types of subcutaneous stoma: free
jejunum as a subcutaneous stoma (Figure 2A) and
gallbladder as a subcutaneous stoma (Figure 2B). The
procedure using the gallbladder as a subcutaneous
[14]
stoma has been previously described by our group .
If there were indications for liver resection, the stoneaffected liver was also resected.

Follow-up

All patients had regular follow-up every 3 mo for the
first year, and twice a year thereafter. The symptoms,
physical examination, liver function tests and abdominal
ultrasound, CT or MRCP were recorded. The median
follow-up period was 78.5 mo (range: 2-233 mo).

Statistical analysis

Demographic and follow-up data of all patients were
collected. Data were analyzed retrospectively. Overall
survival was measured from the date of surgery to the
time of death. Grouped data are expressed as median
(range). Univariate analysis was conducted using
χ 2 test. Cumulative rates of stone recurrence were
analyzed by the Kaplan-Meier and log-rank test. The
Cox regression model was used to analyze potential
risk factors associated with stone recurrence. P < 0.05
was considered statistically significant. Data analysis
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Intraoperative results

The operative procedures are listed in Table 2. Among
the 202 patients, 105 underwent OSPCHS alone, and
97 underwent OSPCHS combined with hepatectomy.
Left lateral sectionectomy was the major procedure for
hepatolithiasis, followed by left hepatectomy.

Short-term outcomes

The short-term outcomes are shown in Table 3. The
overall operative morbidity and hospital mortality
rates were 10.4% and 0%, respectively. The most
common complication was biliary leakage, followed
by wound infection. Three patients (bile leakage
= 1, hemobilia = 1, intra-abdominal bleeding = 1)
received reoperations, and the remaining 18 cases
underwent conservative management and recovered.
The immediate stone clearance rate was 72.8%, and
after additional choledochoscopic lithotripsy, the final
stone clearance rate was 97.0%. Residual stones could
not be completely removed in 6 patients, because of
the uncorrected bile duct stenosis (n = 1) and stone
location at peripheral bile ducts (n = 5) unreachable by
cholangioscopy.

Long-term outcomes

The long-term outcomes are shown in Table 4. With
a median follow-up period of 78.5 mo, 50 (24.8%)
patients developed recurrent stones. Among these,
28 (13.9%) appeared as acute cholangitis, which
was cured using subcutaneous-stoma drainage plus
antibiotics. Forty-four of fifty patients underwent
stone extraction through subcutaneous stoma, while
2 patients refused. Recurrent stones were completely
removed in 42 of 50 patients after 1 to 7 sessions
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Table 3 Operative short-term outcomes

Complications
Biliary leakage

Patients (n = 202)

Wound infection
Intra-abdominal
bleeding

5 (2.5)
2 (1.0)

Hemobilia

2 (1.0)

Low limb thrombosis
Pleural effusion
Abdominal fungal
infection
Perioperative mortality
Immediate stone
clearance
Final stone clearance

Management

21 (10.4)
9 (4.5)

Cumulative recurrence rate

Short-term outcome

Observation for 8
patients, and reoperation
for 1 patient
Dressing
Observation for 1 patient,
and reoperation for 1
patient
Observation for 1 patient,
and reoperation for 1
patient
Observation
Observation
Antibiotic

1 (0.5)
1 (0.5)
1 (0.5)

0.8
Residual group

0.6

0.4

Non-residual group

0.2

0.0
0

0
147 (72.8)

24 48 72 96 120 144 168 192 216 240
t /mo

Figure 3 Cumulative stone recurrence curves of the residual group (n =
55) and non-residual group (n = 147) (log-rank test, P = 0.001).

196 (97.0)

the end of follow-up.

Risk factors for stone recurrence

Table 4 Long-term outcomes of surgery
Long-term outcome

n (%)

Stone recurrence
Recurrent attack of acute cholangitis
Utilization of subcutaneous stoma
Clearance of recurrent stones
Development of cholangiocarcinoma
Death

50 (24.8)
28 (13.9)
42 (20.8)
42 (84.0)
5 (2.5)
11 (5.4)

A total of nine factors were selected to identify
the potential risk factors possibly associated with
postoperative stone recurrence, including six patient
factors [age (≥ 50 years vs < 50 years), gender
(male vs female), biliary stenosis (yes vs no), previous
biliary surgery (yes vs no), extrahepatic stones (yes
vs no), and stone distribution (unilateral vs bilateral)],
two operation factors [hepatectomy (yes vs no)
and subcutaneous stoma type (gallbladder vs free
jejunum)], and one postoperative factor [residual
stones (yes vs no)]. All factors were analyzed with
the Cox regression model, which indicated that only
residual stone was an independent prognostic factor
for stone recurrence (Table 5). The stone recurrence
rate was significantly higher in patients with residual
stones, and there was a significant difference in the
cumulative stone recurrence rate between the two
groups as revealed by the Kaplan-Meier log-rank test (P
= 0.001) (Figure 3).

Table 5 Risk factors associated with stone recurrence identified
with Cox regression model
Variable

Univariate
analysis, P
value

Age
Gender
Previous biliary
surgery
Biliary stenosis
Extrahepatic stones
Stone distribution
Hepatectomy
Types of
subcutaneous stoma
Residual stones

Multivariate analysis
HR

95%CI

P value

0.572
0.883
0.237
0.689
0.417
0.217
0.191
0.414
0.008

DISCUSSION
2.587

1.396-4.795

0.003

of cholangioscopic lithotomy. After the complete
eradication of recurrent stones, the subcutaneous
stoma was then closed. The final clearance rate of
recurrent stones was 84.0%.
Eleven patients died during the follow-up, and
6 deaths were not related to the hepatolithiasis.
Five (2.5% of the total) cases died of hepatolithiasis
associated cholangiocarcinoma, 4 of whom developed
stone recurrence and unresectable intrahepatic
cholangiocarcinoma, and the rest 1 patient underwent
radical operation. The total mortality rate was 5.4% at
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Hepatolithiasis is usually complicated by recurrent
cholangitis, pancreatitis and liver abscess, and
it even leads to secondary biliary cirrhosis and
[15]
cholangiocarcinoma . In China, many investigators
and surgeons have been exploring this issue for more
than half a century. The famous basic principle of
hepatolithiasis management, “clearance of stones,
correction of strictures, removal of hepatobiliary
lesions, and restoration of bile drainage”, has been
widely acknowledged in China and around the
[2,16,17]
world
. Following these principles, the definitive
surgical approach for each patient should be designed
individually according to the divergent hepatobiliary
lesions.

12869

December 7, 2015|Volume 21|Issue 45|

Lian YG et al . OSPCHS for hepatolithiasis
Theoretically, partial hepatectomy is the most
definitive treatment for hepatolithiasis because it
removes all of the hepatic stones and strictured
bile ducts within the resected liver segment(s),
thus reducing the subsequent risk of recurrent
[3,7,18,19]
stones and cholangiocarcinoma
. However,
approximately 50% of intrahepatic lesions of stones
and ductal strictures are distributed bilaterally,
even diffusely. Under these complicated conditions,
thorough resection of the affected liver is impossible.
Uncorrected strictures inevitably result in recurrent
cholangitis. We found that keeping the function of the
sphincter of Oddi intact is useful to reduce cholangitis
in patients with uncorrected strictures or remnant
stones due to the anti-reflux function of the sphincter
[11]
of Oddi . Therefore, it is suggested that the sphincter
of Oddi should be preserved if there is no laxity or
restriction.
According to the review of the previous literature,
the present study is so far the only one that evaluated
the long-term results of OSPCHS and factors for
recurrence in hepatolithiasis. The pivot of OSPCHS is to
ensure that the sphincter of Oddi has normal function.
However, it is difficult to make a definitive evaluation
preoperatively, although ultrasonography, CT, ERCP,
MRCP, PTC, and intraoperative finding can provide
[2]
useful data. Tan et al proposed that the functional
status of the sphincter of Oddi was accurately
assessed by choledochoscopic manometry via T-tube
or by peroral endoscopic manometry postoperatively.
We have established a relatively simple method
for intraoperative judgement: if the intraoperative
exploration shows that a 16-Fr catheter can pass
through the orifice of the duodenum ampulla, the
sphincter of Oddi can be considered to have normal
function.
Residual and recurrent stones are the most
troublesome problem after treatment for hepato
[7]
lithiasis . Therefore, absent residual or recurrent
stones and cholangitis were regarded as an important
way to evaluate the efficacy of all modalities for
hepatolithiasis treatment. The incidence of residual
stones has been markedly reduced from 62.3% to
[10,16]
19.8%
. In our study, the residual stone rate
after OSPCHS for hepatolithiasis was 27.2% and was
comparable with the two above-mentioned reports.
This study indicated that residual stones was an
independent risk factor for stone recurrence. According
to our clinical practice, the intraoperative key in
treating complicated hepatolithiasis is resection of the
affected liver, correction of strictures and removal of
impacted stones. It is suggested that the appropriate
time frame for the operation is within 6 h, and
additional postoperative choledochoscopic lithotripsy
can significantly improve the stone clearance rate. In
this study, the final stone clearance rate was much
higher (97%) with the use of choledochoscopy and
PSWL compared with the immediate stone clearance
rate (72.8%).
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Intraoperative ultrasonic scanning can detect
stones as small as 2 mm with an accuracy rate of
[20]
98.7% . Application of the intraoperative ultrasoundguided fiberoptic choledochoscope can significantly
reduce the residual stone rate of intrahepatic biliary
calculi (5.4% vs 19%, respectively, P = 0.025) and
[21]
significantly improve the efficacy of hepatolithiasis .
With the rapid development of computer technology,
digital medicine has become a new direction in
surgery. Compared with traditional hepatectomy,
hepatectomy for hepatolithiasis based on 3-dimensional
reconstruction technique had a significantly lower
stone residual rate (0% vs 9.5%) and stone recurrence
[16]
rate (3.6% vs 23.8%) .
With the advent of endoscopic and image-directed
percutaneous approaches, it is increasingly uncommon
[22,23]
to require a surgical approach for recurrent stones
.
Various noninvasive procedures, such as PTCSL and
[24,25]
peroral cholangioscopy, have been reported
.
Although PTCSL has been widely applied in Western
countries with the advantage of avoiding operation,
there still exist complications, including low stone
clearance, hemobilia, and percutaneous tract dilation,
[2,26]
which may incur pain to the patients
. Similarly,
peroral cholangioscopic lithotomy also attains a lower
stone clearance rate (64%) as reported in the previous
[27]
report . For the convenience in the eradication of
[28]
recurrent stones, Beckingham et al
designed a
subparietal hepaticojejunal access loop and indicated
that the access loop permits long-term access to
the intrahepatic ducts, allowing removal of stones
with minimal patient discomfort and low morbidity.
However, this approach permanently undermines the
physiological anti-reflux function of the sphincter of
Oddi, possibly increasing the recurrence rate of stones.
In 1993, we developed a new operative procedure
in which hepaticoplasty was performed using a
free segment of the jejunum or gallbladder for a
subcutaneous stoma and preservation of the sphincter
[14]
of Oddi . Its aim was to set up a tunnel between the
biliary duct and tela subcutanea to remove recurrent
stones and drain the bile in recurrent cholangitis in
a minimally invasive way. In our study, patients with
recurrent stones underwent stone clearance and biliary
drainage via the subcutaneous stoma which can be
incised under local anesthesia whenever the patients
present with symptoms suggestive of cholangitis. The
follow-up data showed that subcutaneous stoma offers
the advantage of permanent percutaneous access to
intrahepatic ducts and is readily available for reusage
subsequently without the need for further surgery if
stones recur at a later stage.
Hepatolithiasis is a well-known risk factor for the
[1,29]
occurrence of intrahepatic cholangiocarcinoma
. The
occurrence rate of intrahepatic cholangiocarcinoma
in patients with hepatolithiasis ranges from 2% to
[30]
12% . In our study, 2.5% of patients developed
cholangiocarcinoma during follow-up. The development
of cholangiocarcinoma is the main factor com
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promising the long-term survival in patients with hepa
[1,16]
tolithiasis
. Unfortunately, regardless of advances in
diagnosis modalities, diagnosing cholangiocarcinoma
in patients with hepatolithiasis remains challenging,
and the diagnostic rate has been reported to span
[16]
from 0% to 37.5% . Hence, a suspicion of mali
gnancy is necessary when managing patients with
hepatolithiasis, and careful follow-up for cholangiocar
cinoma is needed.
However, this study has its limitations. As it is not
a prospective and randomized controlled trial and was
conducted in a single center, it may somewhat produce
some bias. Clinically, it is very difficult to design a
control group in which the patients’ Oddi sphincter
will be damaged iatrogenically. In the near future we
will carry out a survey in multiple centers to further
investigate the advantages and disadvantages of
OSPCHS.
In summary, this study shows that OSPCHS can be
a safe and effective treatment option for well-selected
patients with hepatolithiasis, and it achieves excellent
long-term outcomes. A combination of different treat
ment modalities is conducive to decreasing the residual
stone rate and improving the results of patients with
hepatolithiasis.
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Abstract
AIM: To update our experiences with minimally
invasive McKeown esophagectomy for esophageal
cancer.
METHODS: We retrospectively reviewed the medical
records of 445 consecutive patients who underwent
minimally invasive McKeown esophagectomy bet
ween January 2009 and July 2015 at the Cancer
Hospital of Chinese Academy of Medical Sciences and
used 103 patients who underwent open McKeown
esophagectomy in the same period as controls. Among
375 patients who underwent total minimally invasive
McKeown esophagectomy, 180 in the early period
were chosen for the study of learning curve of total
minimally invasive McKeown esophagectomy. These
180 minimally invasive McKeown esophagectomies
performed by five surgeons were divided into three
groups according to time sequence as group 1 (n =
60), group 2 (n = 60) and group 3 (n = 60).
RESULTS: Patients who underwent total minimally
invasive McKeown esophagectomy had significantly less
intraoperative blood loss than patients who underwent
hybrid minimally invasive McKeown esophagectomy or
open McKeown esophagectomy (100 mL vs 300 mL vs
200 mL, P = 0.001). However, there were no significant
differences in operation time, number of harvested
lymph nodes, or postoperative morbidity including
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incidence of pulmonary complication and anastomotic
leak between total minimally invasive McKeown
esophagectomy, hybrid minimally invasive McKeown
esophagectomy and open McKeown esophagectomy
groups. There were no significant differences in
5-year survival between these three groups (60.5% vs
47.9% vs 35.6%, P = 0.735). Patients in group 1 had
significantly longer duration of operation than those in
groups 2 and 3. There were no significant differences in
intraoperative blood loss, number of harvested lymph
nodes, or postoperative morbidity including incidence of
pulmonary complication and anastomotic leak between
groups 1, 2 and 3.
CONCLUSION: Total minimally invasive McKeown
esophagectomy was associated with reduced intra
operative blood loss and comparable short term and
long term survival compared with hybrid minimally
invasive McKeown esophagectomy or open Mckeown
esophagectomy. At least 12 cases are needed to master
total minimally invasive McKeown esophagectomy in a
high volume center.
Key words: Surgical procedures; Minimally invasive;
Esophagectomy; Outcome; Learning curve
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Total minimally invasive McKeown esoph
agectomy had reduced intraoperative blood loss
and comparable short term and long term survival
compared with hybrid minimally invasive McKeown
esophagectomy or open Mckeown esophagectomy. At
least 12 cases are needed to master total minimally
invasive McKeown esophagectomy in a high volume
cancer center.
Mu JW, Gao SG, Xue Q, Mao YS, Wang DL, Zhao J, Gao YS,
Huang JF, He J. Updated experiences with minimally invasive
McKeown esophagectomy for esophageal cancer. World J
Gastroenterol 2015; 21(45): 12873-12881 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12873.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12873

INTRODUCTION
Esophageal cancer is a growing concern and is the
[1]
eighth most common cancer worldwide . According
to statistics of esophageal cancer in China, the
incidence and death rates were 22.14 per 100000
person-years and 16.77 per 100000 person-years in
[2]
2009, respectively, being the top one in the world .
For resectable carcinoma of the esophagus, surgery
remains the gold standard of treatment. Minimally
invasive esophagectomy (MIE) was introduced into
clinical practice in 1992 in order to minimize the
surgical injury reaction and reduce the morbidity

WJG|www.wjgnet.com

[3]

and mortality rates of esophagectomy . However,
concerns existed for whether MIE may reduce
systematic inflammatory response syndrome and
provide comparable oncologic clearance with open
[4]
esophagectomy even 5 years ago .
In the past 5 years, several studies including one
randomized controlled trial reported reduced posto
perative pulmonary complication rates, comparable
oncologic clearance and similar long term survival
[5-14]
between MIE and open esophagectomy
. Our
previous study demonstrated reduced morbidity rate
and comparable oncologic clearance in minimally
invasive McKeown esophagectomy group compared
[9]
with open McKeown esophagectomy . We started
minimally invasive McKeown esophagectomy in 2009.
Here, we will review these minimally invasive McKeown
esophagectomies and focus on short term outcome,
long term survival and learning curve of minimally
invasive McKeown esophagectomy.

MATERIALS AND METHODS
General information

This study was approved by the Institutional Review
Board of Cancer Hospital, Chinese Academy of Medical
Science. The medical records of 445 consecutive
patients who underwent minimally invasive McKeown
esophagectomy between January 2009 and July
2015 at the Cancer Hospital of Chinese Academy of
Medical Sciences were retrospectively reviewed. In the
same period, 103 patients received open McKeown
esophagectomy. The clinical variables of the paired
groups were compared, including age, sex, body mass
index (BMI), neoadjuvant therapy, tumor location,
duration of operation, intraoperative blood loss,
number of harvested lymph nodes, differentiation,
American Joint Committee on Cancer (AJCC) stage,
morbidity rate, rate of anatomic leakage, pulmonary
morbidity rate, mortality rate and length of hospital
stay. Esophageal cancer staging was carried out
[15]
according to the AJCC 2009 cancer staging system .
All involved patients gave their informed consent prior
to study inclusion. A randomized, controlled trial of
neoadjuvant treatment has shown a survival benefit in
locally advanced esophageal carcinoma as compared
[16]
with esophagectomy alone in 2012 . Since then, we
adopted chemotherapy or chemoradiotherapy as an
alternative for locally advanced esophageal cancer.

Surgical technique

MIE includes total minimally invasive McKeown eso
phagectomy and hybrid minimally invasive McKeown
[8]
esophagectomy . The former consists of thoracoscopic
esophagectomy, laparoscopic gastric preparation and
gastroesophageal cervical anastomosis, while there
are thoracoscopic esophagectomy plus open gastric
preparation or laparoscopic gastric preparation plus
open esophagectomy in the hybrid minimally invasive
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McKeown esophagectomy group. Since 2009, total
minimally invasive McKeown esophagectomy has been
introduced and in use. The selection criteria for patients
to either total MIE, hybrid MIE or open esophagectomy
were mainly based on the clinical stage and the
experiences of surgeons. Patients with early stage
esophageal cancer received more minimally invasive
esophagectomies than open esophagectomies, and
surgeons who received training in minimally invasive
thoracic surgery more performed minimally invasive
esophagectomies than open esophagectomies.

Minimally invasive McKeown esophagectomy

Thoracoscopic phase: The patient was placed in
the left lateral decubitus position. The position of
the double-lumen tube was verified, and single-lung
ventilation was used. Four thoracoscopic ports were
established. A 10 mm port was placed at the seventh
intercostal space, just along the anterior axillary line,
for the camera. Another 10 mm port was placed at
the eighth or ninth intercostal space, posterior to the
axillary line, for the dissection instrument (ultrasonic
coagulating shears) and passage of the end-to-end
circular stapler (EEA; Covidien or Johnson) or Hemlock. A 5 mm port was placed in the anterior axillary
line, at the third or fourth intercostal space, and this
was used to pass a fan-shaped retractor to retract the
lung anteriorly and allow exposure of the esophagus.
A 5 mm port was placed just below the subscapular
tip to place the instruments for retraction and counter
traction. The inferior pulmonary ligament was divided.
The mediastinal pleura overlying the esophagus was
divided and opened to the level of the azygous vein
to expose the thoracic esophagus. The azygous vein
was then dissected and divided with an endoscopic
vascular stapler or Hem-lock. The thoracic esophagus,
alone with the periesophageal tissue and mediastinal
lymph nodes, was circumferentially mobilized from
the diaphragm to the level of inlet of the thorax.
Mediastinal lymphadenectomy was done for every
patient, and the resected lymph nodes included left
recurrent and right subclavian,paratracheal, subcarinal,
left and right bronchial, lower posterior mediastinum,
para-aortic, and para-oesophageal lymph nodes.
The chest was inspected closely, and hemostasis was
verified. Chest tube was routinely placed.
Laparoscopic phase: The patient was placed in a
supine position. A pneumoperitoneum (12-14 cm
H2O) was established by CO2 injection through an
umbilical port. A total of five abdominal ports (three
5 mm and two 10 mm) were used. After placement
of the ports, the first step of the laparoscopic phase
was an exploration of the abdomen to rule out
advanced disease. The mobilization of the stomach
was started with the division of the greater curvature
using a Harmonic scalpel (Ethicon Endo-Surgery, OH,
United States). The short gastric vessels were then
divided. The gastrocolic omentum was then divided,
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with care taken to preserve the right gastroepiploic
artery. The posterior attachments of the stomach
were then divided after retraction of the stomach
anteriorly. The left gastric vessel was divided at
its origin from the celiac trunk with an endoscopic
gastrointestinal anastomosis (GIA) stapler or Hemlock. Lymphatic tissues around vessels were included
in the resection. Subsequently, the right crus was
visualized and dissected, followed by dissecting
and defining the left crura of the diaphragm. The
abdominal/distal esophagus was dissected as far as
possible toward the distal end. The gastric conduit
was made extracorporeally. Pyloroplasty or gastric
drainage procedure was not routinely performed in
our study. We inserted duodenal nutrition tube before
anastomosis in the operation. The abdomen was
inspected to make sure that hemostasis was adequate
and the incisions were closed.
Cervical anastomosis: After laparoscopic phase
and thoracoscopic phase, a 4 to 6 cm horizontal neck
incision was made to expose the cervical esophagus.
Careful dissection was performed down until the
thoracic dissection plane was encountered, generally
quite easily since the VATS dissection was continued
well into the thoracic inlet. The esophagogastric
specimen was pulled out of the neck incision and
the cervical esophagus divided high. The specimen
was removed from the field. An anastomosis was
performed between the cervical esophagus and gastric
tube using standard techniques (mechanical stapled or
handsewn anastomosis in an end-to-side fashion).
Open Mckeown esophagectomy: The first stage
was started with a right posterolateral thoracotomy.
The mediastinal pleura overlying the esophagus were
divided with electrotome. The thoracic esophagus,
alone with the periesophageal tissue and mediastinal
lymph nodes, was circumferentially mobilized from the
diaphragm to the level of the inlet of the thorax.
The second stage is the mobilization of the sto
mach which was started with the division of the
greater curvature using ultrasonic coagulating shears.
The short gastric vessels were divided with ultrasonic
coagulating shears as well. The gastrocolic omentum
was then divided, with care taken to preserve the
right gastroepiploic artery. The posterior attachments
of the stomach were then divided after retraction of
the stomach anteriorly. The left gastric vessel was
divided at its origin from the celiac trunk with sutures.
Lymphatic tissues around vessels were included in the
resection. Subsequently, the abdominal esophagus
was dissected as far as possible toward the distal
end. Pyloroplasty was not routinely performed. The
abdomen is inspected to make sure that hemostasis
was adequate and the incisions were closed. For the
last stage, the cervical incision was made and then
anastomosis was performed like minimally invasive
esophagectomy.
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Table 1 Clinical characteristics of patients receiving minimally
invasive McKeown esophagectomy n (%)

Table 2 Reasons for conversion of patients receiving minimally
invasive McKeown esophagectomy

Clinical variable

Reason

Age (yr)
Male gender
Neoadjuvant radiotherapy
Neoadjuvant chemotherapy
Location
Upper
Middle
Lower
Type of surgery
Total MIME
Hybrid MIME

Value
60 (36-79)
341 (76.6)
21 (4.7)
30 (6.7)

Rupture of trachea
Pleural adhesion
Adhesion of abdominal cavity

96 (21.6)
292 (65.6)
57 (12.8)
375 (84.3)
70 (15.7)

MIME: Minimally invasive McKeown esophagectomy.

Postoperative care: The patients were placed in
an intensive care unit or discharged to ward directly
from operation room according to the judgement
of anesthetist. Assessment of recurrent laryngeal
st
nerve injury was done on the 1 d postoperatively.
Postoperative respiratory tract management included
chest physiotherapy and early ambulation. Patientcontrolled analgesia was given to every patient to
control postoperative pain.

Learning curve of total minimally invasive McKeown
esophagectomy

In order to study the learning curve of total minimally
invasive McKeown esophagectomy, we selected
data of 180 patients who underwent total minimally
invasive McKeown esophagectomy in the early period
which was performed by five senior thoracic oncologic
surgeons who majored in thoracic surgical oncology
over 20 years. All 180 patients were divided into three
groups according to time sequence from January 2009
to August 2013 as group 1 (n = 60), from September
2013 to November 2013 as group 2 (n = 60) and from
December 2013 to group 3 (n = 60).

Statistical analysis

The SPSS software package 16.0 for Windows was
used for statistical analyses. Data are presented as
median value (interquartile range) for continuous
variables, and percentages for dichotomous variables.
Continuous variables were analyzed using ANOVA
test or nonparametric test, and categorical variables
were analyzed using Fisher exact test. Survival was
estimated using Kaplan-Meier method and log-rank
tests were used to analyze differences between curves.
The significant level was set as a P value less than 0.05.

RESULTS
Clinical characteristics

From January 2009 to June 2015, 445 cases of
minimally invasive McKeown esophagectomy were
conducted at our hospital. In this cohort, the median
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Number
1
2
2

age was 60 years (range, 36-79 years) and there
were 341 males and 104 females. Twenty-one patients
underwent neoadjuvant radiotherapy, and 30 patients
underwent neoadjuvant chemotherapy. Other clinical
variables are displayed in Table 1. Five patients were
converted into open thoracotomy and laparotomy and
the reasons for conversion are displayed in Table 2.
The cohort was divided into three groups based
on operative technique used. Of 548 McKeown
esophagectomies, there were 375 total minimally
invasive McKeown esophagectomies, 70 hybrid
minimally invasive McKeown esophagectomies and
103 open McKeown esophagectomies. The selection of
which approach was based on the opinion of surgeons.
Patients who underwent minimally invasive McKeown
esophagectomy were older than patients who un
derwent open Mckeown esophagectomy. Patients
who underwent open McKeown esophagectomy were
more in the proximal third of the esophagus and more
received neoadjuvant chemotherapy and radiotherapy
(Table 3) .

Perioperative outcomes of patients undergoing three
types of Mckeown esophagectomy

As shown in Table 4, patients who underwent total
minimally invasive McKeown esophagectomy had
significantly less intraoperative blood loss than patients
who underwent hybrid minimally invasive McKeown
esophagectomy and open McKeown esophagectomy.
However, there were no significant differences in
duration of operation, number of harvested lymph
nodes, or postoperative morbidity including incidence of
pulmonary complication and anastomotic leak between
total minimally invasive McKeown esophagectomy,
hybrid minimally invasive McKeown esophagectomy and
open McKeown esophagectomy groups.

Survival

Kaplan-Meier plots depict the long term survival of
patients who underwent three types of operation: total
minimally invasive McKeown esophagectomy, hybrid
minimally invasive McKeown esophagectomy and open
McKeown esophagectomy (Figure 1). There were no
significant differences in 5-year survival between these
three types (60.3% vs 47.9% vs 35.3%, P = 0.579).

Learning curve of total minimally invasive McKeown
esophagectomy

Patients in group 1 (n = 60) had significantly longer
duration of operation than those in groups 2 (n
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Table 3 Clinical characteristics of patients receiving McKeown esophagectomy n (%)
Clinical variable

Total MIME (n = 375)

Hybrid MIME (n = 70)

Open McKeown
esophagectomy (n = 103)

P value

59 (54-65)
289 (77.1)
23 (21-25)

62 (55-67)
52 (74.3)
22 (20-25)

56 (52-63)
84 (81.6)
23 (20-24)

0.024
0.490
0.100
< 0.001

78 (20.8)
248 (66.1)
49 (13.1)
21 (5.6)
16 (4.3)

18 (25.7)
44 (62.9)
8 (11.4)
9 (12.9)
5 (7.1)

58 (56.3)
39 (37.9)
6 (5.8)
11 (10.7)
11 (10.7)

Age (yr)
Sex (Male)
BMI (kg/m2)
Tumor location
Upper
Middle
Lower
Neoadjuvant chemotherapy
Neoadjuvant radiotherapy

0.042
0.043

MIME: Minimally invasive McKeown esophagectomy; BMI: Body mass index; AJCC: American Joint Committee on Cancer.

Table 4 Perioperative outcomes of patients receiving Mckeown esphagectomy n (%)
Clinical variable
Duration of operation (min)
Intraoperative blood loss (mL)
Number of harvested lymph nodes
AJCC staging
0
Ⅰ
Ⅱ
Ⅲ
Differentiation
High
Middle
Low
Complete resection
Overall Morbidity
Pulmonary complications
Leakage
In-hospital mortality
Length of hospital stay (d)

Total MIME (n = 375)

Hybrid MIME (n = 70)

330 (270-420)
100 (100-200)
22 (16-31)

370 (305-435)
300 (100-300)
19 (14-29)

Open McKeown
esophagectomy (n = 103)
340 (320-400)
200 (100-300)
25 (19-32)

1 (0.3)
108 (28.8)
172 (45.9)
94 (25.1)

1 (1.4)
19 (27.1)
33 (47.1)
17 (24.3)

0 (0)
17 (16.5)
49 (47.6)
37 (35.9)

107 (28.6)
209 (55.9)
58 (15.5)
374 (99.7)
73 (19.5)
11 (2.9)
46 (12.3)
2 (0.5)
16 (14-24)

18 (25.7)
40 (57.1)
12 (17.1)
70 (100)
13 (18.6)
2 (2.9)
10 (14.3)
0 (0)
18 (16-27)

35 (34.0)
50 (48.5)
18 (17.5)
103 (100)
22 (21.6)
6 (5.8)
9 (8.7)
1.0 (0)
21 (16-28)

P value
0.323
0.001
0.293
0.085

0.685

0.794
0.864
0.347
0.493
0.696
0.078

MIME: Minimally invasive McKeown esophagectomy; AJCC: American Joint Committee on Cancer.

Table 5 Comparison of perioperative outcomes of patients who underwent total minimally invasive McKeown esophagectomy in
the early period n (%)
Clinical variable
Duration of operation (min)
Intraoperative blood loss (mL)
Number of harvested lymph nodes
Overall morbidity
Pulmonary morbidity
Leakage
In-hospital mortality
Length of hospital stay (d)

Group 1 (n = 60)

Group 2 (n = 60)

Group 3 (n = 60)

P value

350 (285-450)
300 (125-375)
21 (17-30)
10 (16.7)
2 (3.3)
5 (8.3)
1 (1.7)
17 (14-22)

303 (270-373)
200 (100-300)
22 (16-31)
13 (21.7)
3 (5.0)
7 (11.7)
0 (0)
20 (14-31)

300 (240-370)
100 (100-300)
21 (16-26)
14 (23.3)
0 (0)
11 (18.3)
0 (0)
15 (12-21)

0.004
0.081
0.866
0.643
0.237
0.248
0.366
0.335

= 60) and 3 (n = 60). There were no significant
differences in intraoperative blood loss, number of
harvested lymph nodes, or postoperative morbidity
including incidence of pulmonary complication and
anastomotic leak between groups 1, 2 and 3 (Table
5). Five surgeons performed 180 total minimally
invasive McKeown esophagectomies. There were no
significant differences in the short term outcomes
or oncologic clearance between these three groups.
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The duration of operation got steady after the first 60
cases for 5 surgeons, suggesting that 12 cases were
needed for a senior surgeon to master total minimally
invasive McKeown esophagectomy at our hospital,
a high volume cancer center. Then we analyzed the
learning curve for each of 5 surgeons and found that
all surgeons had a trend of reduction of duration
of operation. Of 5 surgeons, there were significant
differences in duration of operation between surgeons
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Figure 1 Kaplan-Meier analysis of three types of operation. There were
no significant differences in 5-yr survival between total minimally invasive
McKeown esophagectomy, hybrid minimally invasive McKeown esophagectomy
and open Mckeown esophagectomy (60.3% vs 47.9% vs 35.3%, P = 0.579).
MIME: Minimally invasive McKeown esophagectomy.

A and B, while there were no significant differences in
duration of operation between surgeons C, D and E
(Figure 2).

DISCUSSION
In this study, we found that patients who underwent
total minimally invasive McKeown esophagectomy had
similar short term outcome and long term survival
compared with patients who underwent hybrid
minimally invasive McKeown esophagectomy or open
Mckeown esophagectomy.
The feasibility of MIE has been well established
[9]
in our center as previously reported . Recently,
a meta-analysis involving 13267 patients demon
strated reduced in-hospital mortality in patients
who underwent MIE compared with patients who
[14]
underwent open esophagectomy . In that study,
the mortality rates were 3.0% and 4.6% in MIE and
[14]
open esophagectomy group, respectively . Also, a
significant effect of MIE was observed in that study in
reducing the risk of pulmonary complications compared
[14]
with open esophagectomy (17.8% vs 20.4%) . We
did not observe any reduction of incidence of morbidity
or mortality in MIE group compared with open
esophagectomy group. However, there was a trend
in our study that the rate of pulmonary complication
decreased in total minimally invasive group and hybrid
minimally invasive group compared with open group,
with the pulmonary complication rates of 2.9%, 2.9%
and 5.8%, respectively. Relatively small number of
samples in our study may account for the reason.
There was no significant difference in the rate of
anastomotic leak after esophagectomy between MIE
and open esophagectomy group in our study, which is
[14]
consistent with the result of the meta-analysis .
The results of a large randomized, controlled trial
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Figure 2 Learning curve of total minimally invasive McKeown esophage
ctomy of five surgeons. Durations of operation for five surgeons in three
periods are as follows: surgeon A (340 ± 57 min vs 395 ± 105 min vs 310 ± 61
min, P = 0.037); surgeon B (413 ± 109 min vs 387 ± 110 min vs 272 ± 58 min,
P = 0.002); surgeon C (418 ± 65 min vs 339 ± 116 min vs 367 ± 74 min, P =
0.098); surgeon D (383 ± 105 min vs 359 ± 82 min vs 317 ± 116 min, P = 0.287);
and surgeon E (355 ± 123 min vs 337 ± 77 min vs 320 ± 159 min, P = 0.789).

of neoadjuvant treatment demonstrated a survival
benefit in locally advanced esophageal carcinoma as
compared with esophagectomy alone, with a fiveyear survival of 47% in neoadjuvant treatment group
[16]
compared with 34% in the surgery group . And
since then, some surgeons at our hospital adopted
neoadjuvant treatment as an alternative for locally
advanced esophageal carcinoma to surgery alone. The
rate of neoadjuvant treatment for locally advanced
esophageal carcinoma was only 20% at our hospital. A
low fraction of patients with esophageal squamous cell
[16]
carcinoma in the study of van Hagen et al
(around
20%) may preclude the application of neoadjuvant
treatment at our hospital. Several meta-analyses
demonstrated consistent results of survival advantage
of neoadjuvant treatment plus surgery over surgery
[17-21]
alone for resectable esophageal adenocarcinoma
.
However, there were limited data regarding the
survival advantage of neoadjuvant treatment plus
surgery over surgery alone for resectable esophageal
squamous cell carcinoma. More studies of neoadjuvant
treatment on esophageal squamous cell carcinoma are
needed to define the role of neoadjuvant treatment in
locally advanced esophageal squamous cell carcinoma.
We found a similar oncologic clearance rate as
demonstrated by no difference in number of dissected
lymph nodes between MIE and open esophagectomy
group. And we found similar 5-year survival between
MIE and open esophagectomy group. Recently, a
propensity score-matched comparison study showed
similar lymph node harvest and equal oncologic
survival in MIE and open esophagectomy group which
[11]
are similar to our results . Two recent studies showed
better long term survival in MIE group compared with
open esophagectomy group, and select bias may lead
[12,13]
to the results
. In these two studies, more early
tumors were selected in MIE group and more advanced
[12,13]
cancers in open esophagectomy group
. More
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studies are needed to clarify the survival advantage of
MIE over open esophagectomy.
Many surgeons reported less intraoperative blood
loss in MIE group than in open esophagectomy
[12,13,22]
group
. In this study, we observed a similar result.
It is reported that perioperative blood transfusion was
a negative prognostic factor for long-term survival in
esophageal cancer after esophagectomy. Therefore,
less intraoperative bleeding may lessen the need for
perioperative transfusion, which may increase long term
[23]
survival of patients who received MIE .
Apart from perioperative morbidity and long
term survival, other measures including quality of
life questionnaires such as European Organization
for Research on Treatment of Cancer quality of life
questionnaire-C30 (EORTC QLQ-C30) and QLQ0ES18 and cost analysis were used to assess the
difference between minimally invasive and open
[24,25]
esophagectomies
. More importantly, quality
of life measures could be a tool to provide clinical
information from patients’ perspective suggesting
[26]
cancer recurrence . Indeed, an ongoing multicenter
prospective study organized and led by our hospital
are being performed to compare the effects between
minimally invasive McKeown esophagectomy and open
[27]
McKeown esophagectomy in China . The measures
included perioperative morbidity, mortality and long
term survival. Also, quality of life questionnaires
(EORTC QLQ-C30 and QLQ-0ES18) are included
in this ongoing study. Owing to the retrospective
nature of this study, we did not include the quality
of life questionnaires in the analysis. Reduced cost
of minimally invasive esophagectomy compared
with open esophagectomy has been demonstrated
[9]
in our early study . Therefore, minimally invasive
esophagectomy had the advantages of decreased
intraoperative blood and reduced cost compared with
open esophagectomy, with comparable perioperative
morbidity and mortality, and long term survival.
Although minimally invasive esophagectomy is tech
nically changing, it is a valuable procedure for the
surgical treatment of esophageal cancer patients in
[28]
specialized centers .
Learning curve of a new technique is an important
issue in clinical practice, which may influence the
outcome of patients and training of the surgeons. The
risk of increased technical problems when applying a
[29]
new procedure is not uncommon . As Tao reported
that minimally invasive approaches were demonstrated
to decrease the risk of functional complications including
arrhythmia, pulmonary infection, acute lung injury
(ALI), ileus, acute renal failure or acute hepatic failure
but not technical problems including perioperative
bleeding, chylothorax, recurrent laryngeal nerve palsy
(RLNP), and anastomotic leakage. In their study,
functional complications between open esophagectomy
and MIE group were 32.0% and 1.79%, respectively,
while technical complications were 12.0% and 23.9%,
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[29]

respectively . In our study, there was no significant
difference in technical problems including anastomotic
leak between patients who underwent total minimally
invasive McKeown esophagectomy, hybrid minimally
invasive McKeown esophagectomy and open McKeown
esophagectomy. However, the duration of operation
decreased significantly in groups 2 and 3 than in
group 1, suggesting that increment of number of
procedures would improve the surgeon’s performance.
Also, there was a trend that intraoperative blood loss
decreased as the surgeon’s experiences increased.
However, there were no significant differences in the
number of harvested lymph nodes or postoperative
morbidity including incidence of pulmonary complication
and anastomotic leak between groups 1, 2 and 3.
Therefore, a new MIE program can be implemented
safely with comparable oncologic clearance rate and
postoperative morbidity rate after approximately 12
cases for a surgeon at a high volume cancer center.
[30]
Lin et al
reported that surgery skill can be reached
after 40 cases. In their study, an attending doctor
who performed 40 cases may reach the plateau of
learning curve. However, in our study, senior doctors
with over 20 years of experiences with thoracic surgery
who performed only 12 cases can overcome the skill
obstacle.
The limitation of this study mainly comes from its
retrospective nature, which carries a risk of selection
bias. For example, there were more patients who had
the tumor in the upper third of the esophagus in open
esophagectomy group. Second, the patients were
from one hospital, which may not be generalized in
other medical centers. Last, rates of local and distant
recurrences, and long term survival analysis are needed
to determine the oncologic clearance apart from the
comparison of number of harvested lymph nodes.
In conclusion, total minimally invasive McKeown
esophagectomy had reduced intraoperative blood loss
and comparable short term and long term survival
compared with hybrid minimally invasive McKeown
esophagectomy or open Mckeown esophagectomy. At
least 12 cases are needed to master the technique in a
high volume cancer center.

COMMENTS
COMMENTS
Background

Open McKeown esophagectomy is a complex surgery for upper third
esophageal cancer with higher morbidity rate than open Ivor Lewis and Sweet
esophagectomy. Minimally invasive esophagectomy is a new technique which
aims to reduce systematic inflammatory response syndrome and perioperative
morbidity rate.

Research frontiers

In the past 5 years, several studies including one randomized controlled trial
reported reduced postoperative pulmonary complication rates, comparable
oncologic clearance and similar long term survival. However, few studies
focused on the comparison of open McKeown esophagectomy and minimally
invasive McKeown esophagectomy.
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Innovations and breakthroughs

10

This study again reinforced the feasibility of minimally invasive McKeown
esophagectomy and extended previous study of learning curve of minimally
invasive McKeown esophagectomy that at least 12 cased are needed to reach
the plateau of this technique.

11

Applications

The results of this study may provide new data for thoracic surgeons
who majored in esophageal surgery that minimally invasive McKeown
esophagectomy is feasible and is associated with less intraoperative blood
loss. Most importantly, performing 12 cases of minimally invasive McKeown
esophagectomies may reach the plateau of this technique.

12

Peer-review

this manuscript compared totally minimally invasive esophagectomy (MIE),
hybrid MIE and open three stage (McKeowm) oesophagectomy. The authors
found the procedure ontologically safe in terms of lymph node yield and long
term survival and technically safe in terms of blood loss, operating time,
morbidity and mortality. This is an interesting manuscript and clearly written and
organized.
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Abstract
AIM: To compare the outcomes between the Stretta
procedure and laparoscopic toupet fundoplication
(LTF) in patients with gastroesophageal reflux disease
(GERD)-related extra-esophageal symptoms.
METHODS: From January 2011 to February 2012,
a total of 98 patients diagnosed with GERD-related
extra-esophageal symptoms who met the inclusion
criteria were enrolled in this study. All patients
who either underwent the Stretta procedure or LTF
treatment have now completed the 3-year follow-up.
Primary outcome measures, including frequency and
severity of extra-esophageal symptoms, proton pump
inhibitor (PPI) use, satisfaction, and postoperative
complications, were assessed. The results of the
Stretta procedure and LTF therapy were analyzed and
compared.
RESULTS: There were 47 patients in the Stretta group
and 51 patients in the LTF group. Ninety patients
were available at the 3-year follow-up. The total of
the frequency and severity scores for every symptom
improved in both groups (P < 0.05). Improvement
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in symptom scores of cough, sputum, and wheezing
did not achieve statistical significance between the
two groups (P > 0.05). However, the score for globus
hysterics was different between the Stretta group and
the LTF group (4.9 ± 2.24 vs 3.2 ± 2.63, P < 0.05).
After the Stretta procedure and LTF treatment, 29
and 33 patients in each group achieved PPI therapy
independence (61.7% vs 64.7%, P = 0.835). The
patients in the LTF group were more satisfied with
their quality of life than those in the Stretta procedure
group (P < 0.05). Most complications resolved without
intervention within two weeks; however, two patients
in the LTF group still suffered from severe dysphagia
2 wk after the operation, and it improved after bougie
dilation treatment in both patients.
CONCLUSION: The Stretta procedure and LTF were
both safe and effective for the control of GERD-related
extra-esophageal symptoms and the reduction of PPI
use.
Key words: Gastroesophageal reflux disease; Extraesophageal symptoms; Laparoscopic Toupet fun
doplication; Stretta procedure; Proton pump inhibitor
use
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopic toupet fundoplication offers
equivalent symptom relief and a significantly lower risk
of postoperative dysphagia compared with laparoscopic
Nissen fundoplication. The Stretta procedure and
laparoscopic Toupet fundoplication have been de
monstrated to be effective and safe in controlling
gastroesophageal reflux disease-related symptoms
as minimally invasive procedures. Few studies have
been conducted to compare the outcome between
laparoscopic Toupet fundoplication and the Stretta
procedure. In this prospective study, we compared
the outcomes of patients who underwent the Stretta
procedure and laparoscopic Toupet fundoplication and
evaluated the efficacy of the techniques in controlling
gastroesophageal reflux disease-related extra-eso
phageal symptoms.
Yan C, Liang WT, Wang ZG, Hu ZW, Wu JM, Zhang C, Chen
MP. Comparison of Stretta procedure and toupet fundoplication
for gastroesophageal reflux disease-related extra-esophageal
symptoms. World J Gastroenterol 2015; 21(45): 12882-12887
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i45/12882.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i45.12882

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a condition
that develops when the reflux of stomach contents
[1]
causes troublesome symptoms and/or complications .
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The typical symptoms of GERD are heartburn and
regurgitation. The prevalences of extra-esophageal
symptoms, including pneumonia, asthma, bronchitis,
laryngitis, pharyngitis, chronic cough, wheezing,
oral ulcers, and snoring, are significantly increased
[2]
in symptomatic gastroesophageal reflux patients .
GERD has been confirmed to be one of the three main
causes of chronic cough, accounting for approximately
[3]
20% of all cases .
Several randomized controlled trials strongly
support antireflux surgery as an effective alternative
for patients with disease that is not controlled well by
[4,5]
medical therapy . Laparoscopic Toupet fundoplication
(LTF) offers equivalent symptom relief and has a
significantly lower risk of postoperative complications
compared with laparoscopic Nissen fundoplication
[6,7]
(LNF) . The earliest endoluminal technique for GERD,
radiofrequency energy delivery to the gastroesophageal
junction (Stretta), was introduced in 2000. Some
studies on the Stretta procedure have confirmed not
only an improvement in GERD symptoms and quality of
life but also greater efficacy and safety compared with
[8]
other surgical techniques .
LTF and the Stretta procedure have been used
to treat selected patients with GERD-related extraesophageal symptoms. This study compared the
efficacy and safety of these two procedures, which
were performed to control extra-esophageal symptoms
in GERD patients.

MATERIALS AND METHODS
Subjects

From January 2011 to February 2012, we clinically
treated a total of 98 patients with the Stretta procedure
and LTF who suffered from extra-esophageal symptoms
and completed 3 years of follow-up. All patients failed
to respond to medical treatment or opted for surgery
despite effective medical management.
The inclusion criteria were as follows: (1) GERD
diagnosed by endoscopic evidence of esophagitis or
abnormal esophageal pH, a DeMeester score ≥ 14.7
with symptom correlation of ≥ 50%, and/or > 73
reflux episodes during 24-h ambulatory impedance
monitoring; (2) lower than normal lower esophageal
sphincter (LES) pressure detected by esophageal
manometry; (3) endoscopically confirmed Los Angeles
grade A or B esophagitis; (4) non-hiatal hernia or
small (< 2 cm) hiatal hernia; and (5) age ≥ 18
years. Patients with central nervous system diseases,
connective tissue diseases, previous esophageal
or gastric surgery, esophageal stricture, shortened
esophagus, impaired distal esophageal peristalsis,
Barrett’s esophagus, autoimmune diseases, collagen
vascular diseases, and/or coagulation disorders were
excluded.

Treatment

LTF was performed with five ports under general
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anesthesia. After dissecting the gastro-hepatic
ligament with a harmonic scalpel, a window was
created behind the lower esophagus. Then, the
diaphragmatic crura were carefully dissected, and
approximately 5 cm of the distal esophagus was
mobilized, while the mediastinal structures, including
the pleura, pericardium, vagus nerves, and aorta,
were identified and preserved. In all cases, the gastric
fundus was dissected by dividing the short gastric
vessels. The diaphragmatic crura were sewed behind
the esophagus with 1-2 non-absorbable sutures, and
a posterior 270° and 2-cm-long fundoplication was
constructed with 5-6 interrupted non-absorbable
sutures.
For the Stretta procedure, after the patient
was sedated with a combination of intravenously
administered fentanyl and midazolam, the distance to
the gastro-esophageal junction was measured under
gastroscopy. Then, the endoscope was withdrawn, and
a radiofrequency-delivering catheter, consisting of a
flexible balloon-basket assembly with four electrode
needle sheaths, was introduced orally using a guide
wire. The balloon was inflated 2 cm proximal to the
squamo-columnar junction, the electrode needles
were deployed, and RF energy was delivered for 1
min. The needles were then withdrawn, the balloon
was deflated, and the catheter was rotated 45°. This
process was serially repeated every 0.5 cm inward
to cover an area 2 cm above and 0.5 cm below the
squamo-columnar junction.

The primary outcome measures of this study were
frequency and severity of the extra-esophageal GERD
symptoms, including cough, sputum, wheezing, and
globus hysterics. Data on these outcome measures
were collected through a standardized questionnaire
using the 6-point Likert scale system. More specifically,
the frequency was graded as 0 (none), 1 (less than
once per week), 2 (once or twice per week), 3
(three or four times per week), 4 (five or six times
per week), and 5 (more than six times per week);
the severity was graded as 0 (none), 1 (slight), 2
(mild), 3 (moderate), 4 (severe), and 5 (extremely
severe). The total of the frequency and severity scores
for each outcome measure was designated as the
symptom score. Other outcome measures included
medication independence, satisfaction, and reoperation
complications. The questionnaires were prepared in
simplified Chinese and administered to the subjects
before LTF or the Stretta procedure and at 6 months
and 1 and 3 years post-treatment.

Data were analyzed with SPSS 17.0 software (SPSS
Inc., Chicago, IL, United States) and are presented
as the mean ± SD for continuous variables and as
frequencies and proportions for categorical variables.
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Characteristic/
parameter
Age (yr)
Male ratio, n (%)
Symptom score1
Cough
Sputum
Wheezing
Globus hysterics

Stretta (n = 47)

LTF (n = 51)

P value

45.9 ± 10.7
19 (40.4)

49.7 ± 11.5
28 (54.9)

0.095
0.163

7.7 ± 0.57 (20/47)
7.5 ± 0.70 (19/47)
7.7 ± 0.81 (29/47)
7.4 ± 0.64 (27/47)

7.4 ± 0.82 (25/51)
7.4 ± 0.90 (19/51)
7.9 ± 0.93 (33/51)
7.2 ± 0.73 (28/51)

0.110
0.560
0.181
0.171

1

The symptom score was designated as the total of the frequency score and
the severity score for each symptom. Values are presented as mean ± SD
or n (%). LTF: laparoscopic toupet fundoplication.

For the statistical analyses, normality was assessed
by the Kolmogorov-Smirnov test. For continuous
outcomes measured by the questionnaire, we per
formed comparisons between the 0- and 6-mo values
and the 1- and 3-year values using the paired t-test
or the Wilcoxon matched pairs signed rank sum test,
as appropriate. To assess differences in outcomes
between the Stretta and LTF procedures, we performed
comparisons by the independent-samples t-test or
Wilcoxon Mann-Whitney test, as appropriate. Analyses
of dichotomous data (e.g., medication independence)
were performed using the chi-square statistic. A
p value less than 0.05 was considered statistically
significant.

RESULTS

Outcome assessment

Statistical analysis

Table 1 Baseline characteristics of the study population

A total of 47 patients were included in the Stretta
group, and 51 patients were included in the LTF
group. Ninety-six patients were available at the 1-year
follow-up, and 90 patients were available at the
3-year follow-up. In the Stretta group, one patient
underwent re-operation during the first postoperative
year, and six patients underwent re-operation within
3 postoperative years. The mean duration of the
Stretta procedure was 50 min, and the mean duration
of the Toupet procedure was 100 min. The average
hospitalization period of patients who underwent the
Stretta procedure was 4.4 d, and that of patients
who underwent the Toupet procedure was 5.3 d. The
baseline symptom scores were similar between the
two groups (Table 1).

Efficacy

There were no differences in the pre-treatment
symptom scores between patients in the Stretta and
LTF groups. The extra-esophageal symptom scores
for cough, sputum, wheezing, and globus hysterics
improved in both groups. Evaluation at the 3-year
follow-up demonstrated a statistically significant
improvement in all extra-esophageal symptoms of
GERD (Figure 1). Differences in the improvement of
symptom scores for cough, sputum, and wheezing
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Cough
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Stretta
LTF
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Wheezing
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Mean scores
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LTF
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Mean scores
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0

Baseline

6-mo

1-yr

3-yr

Figure 1 Preoperative and postoperative symptom scores in the Stretta and laparoscopic Toupet fundoplication groups.

LTF procedures, 29 (61.7%) and 33 (64.7%) patients
in each group achieved PPI therapy independence
(61.7% vs 64.7%, p = 0.835).

Table 2 Post-treatment complications in patients after laparo
scopic toupet fundoplication and the Stretta procedure n (%)
Stretta (n = 47)
Fever
Pharyngeal pain
Retrosternal discomfort
Diarrhea
Abdominal distention
Dysphagia

5 (10.6)
9 (19.1)
14 (29.8)
4 (8.51)
0 (0)
0 (0)

LTF (n = 51) P value
1 (2.0)
0 (0)
8 (15.7)
9 (17.6)
5 (9.8)
5 (9.8)

Complications

0.073
0.0011
0.095
0.183
0.0281
0.0281

1

P value less than 0.05.

between the two groups were not statistically
significant. However, the score for globus hysterics in
the Stretta group decreased to 4.9 ± 2.24, while that
in the LTF group decreased to 3.2 ± 2.63 (p < 0.05)
(Table 2).

Satisfaction

From baseline to the 3-year follow-up, the mean
patient satisfaction score improved from 28.19 to
51.49 in the Stretta group and from 31.76 to 69.80
in the Toupet group. Patients were more satisfied with
their quality of life after undergoing LTF than after
undergoing the Stretta procedure (p < 0.05) (Table 3).

Medication requirements

At baseline, 100% of the patients were on daily proton
pump inhibitor (PPI) therapy. The rate of medication
use decreased significantly from baseline following
surgical intervention. PPI independence was defined
as the complete elimination of PPI use or PPI use
less than once weekly. There were no significant
differences in any parameters measured between the
different follow-up time points. After the Stretta and
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No patients experienced perforation, infection, or death.
The recorded complications after therapy included
fever, pharyngeal pain, retrosternal discomfort,
diarrhea, abdominal distention, and dysphagia. Most
complications resolved without intervention within two
weeks (Table 3). However, two patients still suffered
from severe dysphagia at 2 wk post-operation in
the LTF group, and it improved after bougie dilation
treatment in both patients.

DISCUSSION
GERD is considered a significant public health problem.
According to a population-based survey, the prevalence
[9]
of symptom-defined GERD in China is 3.1% . PPI
therapy is the main option for the treatment of GERDrelated extra-esophageal symptoms. A follow-up
study showed that most GERD patients with chronic
cough showed an improvement in that symptom after
[10]
2 years of medical treatment . However, clinical
experience shows that 20%-30% of patients with
GERD continue to have persistent reflux symptoms
[11]
even while taking a PPI daily . Therefore, surgical
and Stretta therapy should be considered in patients
whose disease has failed to respond to medical
management and in patients who are unwilling to
consent to lifelong medicine intake or have extraesophageal manifestations.
This prospective study investigated the efficacy
and safety of the Stretta procedure and LTF surgical
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Table 3 Post-treatment complications in patients after laparoscopic Toupet fundoplication and the Stretta procedure
Characteristic/
parameter value
Symptom score
cough
Sputum
Wheezing
Globus hysterics
PPI independence,
n (%)
Satisfaction

6-mo follow-up

1-yr follow-up

3-yr follow-up

Stretta (n = 47) LTF (n = 51) P value Stretta (n = 47) LTF (n = 51) P value Stretta (n = 47) LTF (n = 51) P value
3.9 ± 2.55
3.6 ± 2.24
3.6 ± 2.26
4.7 ± 2.30
32 (68.1)

4.1 ± 2.65
4.0 ± 2.54
3.9 ± 2.83
3.0 ± 2.53
38 (74.5)

0.780
0.638
0.635
0.015
0.510

4.2 ± 2.59
4.0 ± 2.32
3.7 ± 2.28
4.5 ± 2.38
31 (66.0)

4.3 ± 2.72
4.3 ± 2.60
3.9 ± 2.86
3.2 ± 2.58
36 (70.6)

0.921
0.695
0.784
0.040
0.668

4.6 ± 2.52
4.4 ± 2.29
4.4 ± 2.23
4.9 ± 2.24
29 (61.7)

4.8 ± 2.36
4.7 ± 2.35
4.4 ± 2.83
3.2 ± 2.63
33 (64.7)

0.785
0.628
0.982
0.013
0.835

59.26 ± 34.80

72.55 ± 28.50

0.041

56.49 ± 34.78

72.16 ± 28.68

0.016

51.49 ± 32.77

69.80 ± 28.44

0.004

The symptom score was designated as the total of the frequency score and the severity score for each symptom. Values are presented as the mean ± SD or n
(%). PPI: Proton pump inhibitor; LTF: Laparoscopic toupet fundoplication.

therapy in patients with extra-esophageal sym
ptoms and compared the outcomes following these
[12]
two therapeutic methods. Oelschlager et al
demonstrated that laparoscopic anti-reflux surgery
improved atypical symptoms, such as cough and
hoarseness. Our previous study showed that the
Stretta procedure improves GERD-related respiratory
[13]
symptoms . In this study, both procedures effectively
decreased the frequency and severity of GERDassociated extra-esophageal symptoms. We compared
the clinical efficacy of the two therapeutic methods.
No significant differences in the improvement of extraesophageal symptoms, such as cough, sputum, or
wheezing, and no difference in the frequency of PPI
independence were observed between the two groups.
However, LTF surgical therapy was more effective in
improving globus hysterics.
Dr. Zhonggao Wang hypothesized four phases
through which GERD insults the airway: (1) gastro
esophageal phase, the generator; (2) pharyngeal
phase, the reactor; (3) naso-oral phase, the effector;
and (4) laryngotracheal phase, the asthmatic or
[14]
laryngotracheal irritation/spasm stimulator .
The Stretta procedure is thought to improve the
reflux barrier of the LES and to reduce transient
LES relaxations that occur due to ablation or demo
dulation of vagal afferent fibers in the vicinity of
[15]
the sphincter , while fundoplication is thought to
significantly decrease acid exposure and significantly
[16]
increase LES pressure . In our previous study, lapa
roscopic LNF and Stretta RF were shown to be capable
of effectively and safely controlling GERD symptoms
in selected patients, but LNF showed a greater
[17]
improvement of symptoms than Stretta RF . In the
current study, we compared LTF with Stretta RF to
evaluate whether these different methods have similar
abilities to control the different phases of GERD to
provide a reference for clinical treatment.
This was an uncontrolled, nonrandomized study
that did not include pH or motility outcomes. Regarding
the medication requirement of GERD patients, the
rate of PPI medication usage decreased significantly
from baseline following surgical intervention. However,
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changes in respiratory drug use were not examined.
In future research, we will include a larger study
population and will evaluate changes in respiratory
drug use.
In summary, through this 3-year prospective
observational study, we demonstrated that LTF
and the Stretta procedure were both effective in
controlling GERD extra-esophageal symptoms and
reducing PPI use. However, LTF achieved a greater
symptom improvement and resulted in greater patient
satisfaction.
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Abstract
AIM: To investigate whether posture affects the ac
13
13
curacy of C-urea breath test ( C-UBT) for Helicobacter
pylori (H. pylori ) detection in partial gastrectomy
patients.
METHODS: We studied 156 consecutive residual
stomach patients, including 76 with H. pylori infection
(infection group) and 80 without H. pylori infection
(control group). H. pylori infection was confirmed if
both the rapid urease test and histology were positive
during gastroscopy. The two groups were divided into
four subgroups according to patients’ posture during
13
the C-UBT: subgroup A, sitting position; subgroup B,
supine position; subgroup C, right lateral recumbent
position; and subgroup D, left lateral recumbent
position. Each subject underwent the following modified
13
13
C-UBT: 75 mg of C-urea (powder) in 100 mL of citric
acid solution was administered, and a mouth wash was
performed immediately; breath samples were then
collected at baseline and at 5-min intervals up to 30
min while the position was maintained. Seven breath
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samples were collected for each subject. The cutoff
value was 2.0‰.
RESULTS: The mean delta over baseline (DOB) values
in the subgroups of the infection group were similar at
5 min (P > 0.05) and significantly higher than those in
the corresponding control subgroups at all time points
(P < 0.01). In the infection group, the mean DOB
values in subgroup A were higher than those in other
subgroups within 10 min and peaked at the 10-min
point (12.4‰ ± 2.4‰). The values in subgroups B
and C both reached their peaks at 15 min (B, 13.9‰
± 1.5‰; C, 12.2‰ ± 1.7‰) and then decreased
gradually until the 30-min point. In subgroup D,
the value peaked at 20 min (14.7‰ ± 1.7‰).
Significant differences were found between the values
in subgroups D and B at both 25 min (t = 2.093, P =
0.043) and 30 min (t = 2.141, P = 0.039). At 30 min,
the value in subgroup D was also significantly different
from those in subgroups A and C (D vs C: t = 6.325,
P = 0.000; D vs A: t = 5.912, P = 0.000). The mean
DOB values of subjects with Billroth Ⅰ anastomosis
were higher than those of subjects with Billroth Ⅱ
anastomosis irrespectively of the detection time and
posture (P > 0.05).
CONCLUSION: Utilization of the left lateral recumbent
position during the procedure and when collecting
the last breath sample may improve the diagnostic
13
accuracy of the C-UBT in partial gastrectomy patients.
Key words: Helicobacter pylori ;
Gastrectomy; Position

13

C-urea breath test;

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

Core tip: The efficiency of the 13C-urea breath test in
the diagnosis of Helicobacter pylori (H. pylori ) infection
in patients after gastrectomy is still controversial. Many
factors may affect the diagnostic accuracy, and posture
is especially important. We suggest that residual
stomach patients should be kept in the horizontal
position on the left side during the procedure and when
collecting the last breath sample in order to improve
the accuracy of detection of H. pylori infection.
Yin SM, Zhang F, Shi DM, Xiang P, Xiao L, Huang YQ,
Zhang GS, Bao ZJ. Effect of posture on 13C-urea breath test
in partial gastrectomy patients. World J Gastroenterol 2015;
21(45): 12888-12895 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i45/12888.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i45.12888

infection leads to multiple gastric disorders, including
chronic active gastritis, ulcer, adenocarcinoma, and
[1-3]
mucosa-associated lymphoid tissue lymphoma . It
has also been considered one of the factors inducing
residual gastric mucosa carcinogenesis in postoperative
[4]
patients with early-stage gastric carcinoma .
Therefore, it is crucial to accurately detect whether
H. pylori is present in patients who underwent partial
gastrectomy.
Due to the lack of specific clinical manifestations,
H. pylori detection in residual stomach relies on
13
additional examinations. Although the C-urea breath
13
test ( C-UBT), a noninvasive diagnostic method for
H. pylori infection, is inferior to bacterial culture and
[5]
histological examinations , it represents a fast, safe,
and reliable technology which is able to accurately
determine H. pylori infection in an intact stomach.
Accordingly, it has been widely used in the general
[6,7]
population . However, a standardized international
protocol defining specific steps, detection methods,
13
and the cutoff value for the C-UBT is currently
13
lacking. In addition, C-UBT diagnosis is limited by
some factors, such as fasting and mouth washing,
13
dose and dosage form of C-urea (tablet, capsule,
or powder), presence of test meal, time of breath
[5,8-10]
sample collection and storage, and cutoff values
.
Since the bacterial load is lower and emptying of the
stomach is faster in residual stomach subjects, there
13
are some disputes on the efficiency of the C-UBT in
[5,11-15]
gastrectomy patients
. In particular, the influence
13
of posture on the results of the C-UBT in detecting
H. pylori infection in partial gastrectomy patients has
been a focus of attention. In the existing reports on
13
the C-UBT diagnosis and treatment for H. pylori
infection in such patients, researchers from different
13
countries utilized the conventional C-UBT protocol
[7,16,17]
for the general population
. Gastric remnant
subjects were kept in the sitting position when breath
samples were collected, and they usually maintained
[14,18]
this position between the collections
. Only a few
[15]
studies included the horizontal supine position
or
[11,12]
the horizontal position on the left side
. Although
[9]
Togashi et al have performed a preliminary study
of different positions (left-lateral horizontal, sitting, or
supine position), which position is more suitable for
gastrectomy subjects is not yet fully addressed.
The purpose of the present study was to assess
whether the position of partial gastrectomy patients
during the test affects the diagnostic accuracy of
13
C-UBT for H. pylori infection. We attempted to
develop a convenient as well as reliable means for H.
pylori detection and follow-up after eradication therapy
in patients who underwent partial gastrectomy.

INTRODUCTION

MATERIALS AND METHODS

Helicobacter pylori (H. pylori), a spiral gram-negative
bacterium, can colonize epithelial cells of the gastric
mucosa under micro-aerobic growth condition. H. pylori

Subjects
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The infection group consisted of 76 patients with partial
gastrectomy who visited Huadong Hospital Affiliated

12889

December 7, 2015|Volume 21|Issue 45|

WJG|www.wjgnet.com

63.1 ± 9.2
14:5

8
11

11
8
7.4 ± 5.1

7
12

11
8
8.9 ± 5.9

(n = 19)

(n = 19)

59.9 ± 11.2
12:7

11
8
7.3 ± 3.9

6
13

66.1 ± 10.9
14:5

(n 19)

C

11
8
7.9 ± 4.9

7
12

66.0 ± 12.5
13:6

(n = 19)

D
F = 1.341
χ 2 = 0.686
χ 2 = 0.452
F = 0.429

Statistic

0.268
0.877
0.929
0.733

P value

10
10
8.6 ± 6.0

5
15

58.7 ± 12.1
15:5

(n = 20)

A

10
10
7.6 ± 5.8

6
14

62.0 ± 8.5
14:6

10
10
7.8 ± 5.0

5
15

65.2 ± 10.7
15:5

(n = 20)

C

Control group
(n = 20)

B

10
10
8.4 ± 4.6

6
14

61.7 ± 14.1
13:7

(n = 20)

D

F = 0.150

F = 1.081

χ 2 = 0.671
χ 2 = 0.251

Statistic

0.362
0.880
0.969
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13

C-UBT procedure

Modified C-UBT test was conducted in each participant within a week after the endoscopy. Overnight fasting was required before the test. In the following morning,
13
breath samples were taken at baseline (T0) and at 5-min intervals up to 30 min (T5, T10, T15, T20, T25, and T30) after an oral administration of C-labelled urea powder (75
mg/100 mL citric acid solution; AltaChem Pharma Ltd., Canada) and an immediate mouth wash to remove the residual compound. The first breath sample was taken
in the sitting position. The patients were then placed in the positions according to their subgroups and maintained them for 30 min while the rest of the breath samples
13
12
13
were collected. These gas samples were collected separately for analysis of the CO2/ CO2 ratio (Δ CO2, ‰) with an isotope mass spectrometer (IRIS 3, Frankfurt,
Germany), which was normalized using a standard gas sample. The analysis was performed by Wagner Analysen Technik GmbH (Bremen, Germany). Differences
[5,11,12]
between the values at T5, T10, T15, T20, T25, and T30 and those at T0 were presented as delta over baseline (DOB, Δδ, ‰). Based on the related reports
and our
[19]
previous study of 194 samples , the cutoff value for this diagnostic test was defined as 2.0‰. Subjects with a DOB > 2.0‰ were considered H. pylori-positive,

13

to Fudan University from November 2012 to March 2015. H. pylori infection was confirmed by histopathological examination. The following inclusion criteria were used:
the time interval after the subtotal gastrectomy was at least 1 year; the surgical procedure was distal gastrectomy with Billroth Ⅰ or Ⅱ (B-Ⅰ or B-Ⅱ) anastomosis; the
indication for surgery included benign peptic ulcer or early gastric cancer; endoscopy, histological examination, and rapid urease test (RUT) were performed before and
after the operation.
The control group contained 80 patients who underwent partial gastrectomy during the same period, met the inclusion criteria, and were H. pylori-negative based on
histological examination. Patient characteristics such as age, sex, disease etiology, reconstruction method, and postoperative course in the control group were matched
to those in the infected group.
13
In both groups, the subjects were divided into four subgroups according to their posture after C-urea administration: subgroup A, sitting position; subgroup B,
supine position on a bed; subgroup C, horizontal position on the right side; as well as subgroup D, horizontal position on the left side. The patients were assigned
randomly to A, B, C, or D subgroup according to their reconstruction method. The following exclusion criteria were used: H. pylori eradication therapy prior to the
present study; treatment with antibiotics, proton pump inhibitors, H2-receptor antagonists, or bismuth salts within 1 mo before the study; absence of endoscopic
examination, RUT, pre- and post-operative histological detection for H. pylori; presence of test contraindications; distal gastrectomy without B-Ⅰ or B-Ⅱ anastomosis;
and previous gastrointestinal surgery history. The subjects were excluded if they fulfilled any of the above criteria.
The research protocol was approved by the Ethical Committee of Huadong Hospital Affiliated to Fudan University. All individuals provided written informed consent.
The characteristics of the patients in the infection and control groups are shown in Table 1.

Age (yr)
Sex (M:F)
Indication for gastrectomy
Peptic ulcer
Early-stage gastric cancer
Reconstructive procedure
B-Ⅰ
B-Ⅱ
Interval (yr)

B

A

Infection group

Table 1 Characteristics of the patients in the infection and control groups
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A

20.00

H. pylori (+)
H. pylori (-)

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00
0.00

B

20.00

H. pylori (+)
H. pylori (-)

18.00
Delta over baseline (‰)

Delta over baseline (‰)

18.00

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00

5.00 10.00 15.00 20.00 25.00 30.00
t/min

0.00
0.00

5.00 10.00 15.00 20.00 25.00 30.00
t/min

Figure 1 Mean delta over baseline values for the Helicobacter pylori-positive or -negative subjects in the sitting position at each time point. A: Subgroup A; B:
Subgroup B.

whereas those with a DOB < 2.0‰ were considered H.
pylori-negative.

Reference standard for H. pylori infection diagnosis

Four gastric mucosa biopsy samples were collected
separately from the greater curvature of the mid-tohigh body as well as the gastric side of the anastomotic
stoma, in that order (2 samples from each position),
during endoscopy for RUT and histological examination.
A positive RUT result was defined as a color alteration
from yellow to red during a 24-h period. In most
patients, this color change occurred within 120 min.
For histological examinations such as hematoxylin
and eosin (HE) or Giemsa staining, curved rods were
used to identify H. pylori in a sectioned specimen. The
result of the histological examination was considered
positive if H. pylori was detected at any site. Only
patients with positive RUT and positive histological test
[1]
were defined as the ones with H. pylori infection .
Conversely, a patient was considered uninfected when
both tests were negative. If inconsistent results were
obtained between the RUT and histological test, the
corresponding patients were excluded. All biopsy
specimens were assessed by a single pathologist who
was blinded to the results of endoscopic examinations
and UBT for H. pylori.

Cancer staging system

We used the cancer staging system from the American
Joint Committee on Cancer (AJCC) Cancer Staging
th [20]
Manual (version 7 ) .

Statistical analysis

Statistical Product and Service Solutions (SPSS)
software (version 16.0) was used in this study for
all statistical analyses. Continuous variables are
expressed as mean ± SD and analyzed by Student’s t
test, one-way analysis of variance or Wilcoxon’s rank2
sum test. Classified variables were analyzed by χ test
or Fisher’s exact test. P values < 0.05 were defined as
statistical significance.
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RESULTS
The patients in the infection group (76 subjects)
and control group (80 subjects) were divided into
four subgroups: A, B, C, and D. As a result, there
were 19 infected patients (B-Ⅰ , 11 subjects; BⅡ, 8 subjects) and 20 uninfected patients (B-Ⅰ, 10
subjects; B-Ⅱ , 10 subjects) in each subgroup. No
statistically significant differences were found in age,
sex, indications for gastrectomy, or postoperative
course between the subgroups within the infection
group and the control group (P > 0.05). The subjects
in the infection and control groups were placed in the
sitting position, supine position, and right or left lateral
recumbent position according to their subgroups.
Significantly higher DOB values for each subgroup in
the infection group were detected compared with the
control group at T5 and thereafter regardless of the
patients’ posture (P < 0.01). No borderline or falsenegative results were found in any position and at any
time point in the infection group. In the control group,
no borderline or false-positive results were found in
any position at T10, T15, T20, T25, or T30. The mean DOB
values for the four subgroups of each group are plotted
in Figures 1 and 2.
According to the DOB value curves in the infection
group (Figure 3), the mean DOB values in the
subgroups were similar at T5 (F = 0.421, P = 0.738).
The mean values in subgroup A were higher than in
other subgroups within the first 10 min. At T10, the
mean DOB value was 12.4‰ ± 2.4‰, exceeding the
mean DOB value in subgroup D (11.2‰ ± 2.1‰, t =
1.617, P = 0.115) and being significantly higher than
those in subgroups B (10.4‰ ± 2.4‰, t = 2.634, P
= 0.012) and C (9.9‰ ± 1.6‰, t = 3.811, P = 0.001).
The values in subgroups B and C both reached their
peaks (B: 13.9‰ ± 1.5‰, C: 12.2‰ ± 1.7‰) at
T15 and then both decreased gradually until 30 min.
In subgroup D, the value peaked (14.7‰ ± 1.7‰)
at T20 and was significantly higher than those at T5,
T10, and T15 (F = 30.628, P = 0.000) but did not differ
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Figure 2 Mean delta over baseline values for the Helicobacter pylori-positive or -negative subjects in the right (A)/left (B) lateral recumbent position at
each time point. A: Subgroup C; B: Subgroup D.
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Figure 3 Mean delta over baseline value curves in the four subgroups of
the infection group.

significantly from those at T25 and T30 (F = 0.396,
P = 0.675). At T20, no statistically significant values
were determined (t = 1.812, P = 0.078) between
the subgroups D and B (13.7‰ ± 1.60‰), but
significant differences were observed between the
values in these two subgroups at both T25 (D: 14.4‰
± 1.69‰, B: 13.3‰ ± 1.60‰, t = 2.093, P = 0.043)
and T30 (D: 14.2‰ ± 1.7‰, B: 13.1‰ ± 1.6‰, t
= 2.141, P = 0.039). At T30, the value in subgroup D
was also significantly different from those in subgroups
A (10.3‰ ± 2.3‰, t = 5.912, P = 0.000) and C
(10.8‰ ± 1.6‰, t = 6.325, P = 0.000).
In the infection group, the mean DOB values of the
subjects with B-Ⅰ anastomosis were higher than those
of the subjects with B-Ⅱ anastomosis irrespectively of
the time point and position. However, these differences
(except at T5, T10, and T15 in subgroup D) were not
statistically significant (P > 0.05). Table 2 shows the
reconstructive procedure and mean DOB values for the
subjects in the infection group.

DISCUSSION
The

13

C-UBT is an internationally recognized gold
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standard for H. pylori infection detection and anti-H.
[2]
pylori drug efficacy monitoring . It has been widely
recommended, even for children, gravidas, and the
[7]
13
elderly . However, the application of C-UBT in
diagnosing H. pylori infection in partial gastrectomy
patients remains controversial. In spite of the fact that
the gastric remnant is not suitable for colonization
by H. pylori and its survival, the bacteria can still
be transmitted via fecal-oral, gastric-oral, oral-oral,
[5]
and other ways. Gisbert et al concluded that the
13
C-UBT was not suitable for gastric remnant patients
who underwent Billroth gastrectomy as the ingested
13
C-urea passed through the stomach faster and
entered the duodenum (B-Ⅰ) and small intestine (BⅡ ) more easily, which would definitely impact the
[9,11,12]
diagnostic accuracy. However, other reports
showed that, with a proper procedure and an
13
appropriate cutoff value, the C-UBT was a reliable
detection method in patients after gastrectomy.
[21]
Miwa et al
investigated the effect of different
positions (supine position and sitting position) and of
changing the position by rolling during the period after
13
C-urea injection on the diagnostic performance of
13
the C-UBT for H. pylori infection in infected patients
with intact stomach. The study revealed that posture
affected the DOB values at T5 and T10 but did not
affect the results at the 15-min, 20-min, and later
time points. Compared with the intact stomach, the
anatomy, pH, motility, and distribution of H. pylori in
the residual stomach are considerably altered, which
13
makes the posture during the C-UBT an important
clinical factor. Therefore, we conducted this study to
determine the optimal posture for residual stomach
subjects.
Our study showed that the DOB values in the
control group were lower compared with the infection
group at all time points, and the first positive results
appeared at T5, which might be due to the presence
of urease-positive organisms in the oral cavity early
[8]
in the procedure. The study by Lee et al proved that
the effect of oral bacteria was most remarkable at
T5 and T10, decreased at T15, and was weakest at T30.
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Table 2 The reconstructive procedure and mean delta over
baseline values (‰) for the subjects in the infection group
Subgroup
A

B

C

D

Time

DOB ( B-Ⅰ)

DOB ( B-Ⅱ)

t value

P value

T5
T10
T15
T20
T25
T30
T5
T10
T15
T20
T25
T30
T5
T10
T15
T20
T25
T30
T5
T10
T15
T20
T25
T30

9.67 ± 1.79
12.57 ± 1.92
12.28 ± 1.95
11.50 ± 1.93
10.91 ± 1.90
10.58 ± 1.88
9.74 ± 2.33
10.69 ± 2.11
14.20 ± 1.56
13.99 ± 1.59
13.57 ± 1.60
13.34 ± 1.56
8.96 ± 1.69
10.03 ± 1.53
12.33 ± 1.74
11.79 ± 1.69
11.26 ± 1.62
10.95 ± 1.62
10.21 ± 1.54
12.12 ± 1.57
14.51 ± 1.39
15.32 ± 1.37
15.04 ± 1.38
14.84 ± 1.37

9.30 ± 3.00
12.18 ± 3.06
11.89 ± 3.08
10.80 ± 2.94
10.20 ± 2.98
9.86 ± 2.93
8.74 ± 2.85
10.01 ± 2.60
13.56 ± 1.56
13.35 ± 1.62
12.91 ± 1.62
12.69 ± 1.59
8.69 ± 1.71
9.81 ± 1.67
12.05 ± 1.73
11.50 ± 1.72
10.99 ± 1.69
10.72 ± 1.62
8.39 ± 2.18
9.98 ± 2.56
12.91 ± 1.76
13.83 ± 1.82
13.56 ± 1.77
13.33 ± 1.82

0.314
0.324
0.319
0.588
0.592
0.609
0.841
0.628
0.880
0.861
0.885
0.890
0.344
0.288
0.347
0.364
0.352
0.295
2.136
2.446
2.213
2.049
2.057
2.068

0.760
0.752
0.756
0.568
0.566
0.555
0.412
0.538
0.391
0.401
0.389
0.386
0.735
0.777
0.733
0.720
0.729
0.771
0.048
0.026
0.041
0.056
0.055
0.054

DOB: Delta over baseline.
[9]

However, Togashi et al found that oral organisms
could affect the final results in residual stomach
subjects. Therefore, we suggest that a thorough
cleaning of the oral cavity with a mouth wash is
13
important in residual stomach patients after C-urea
administration, especially if the powder form is used.
Based on comparing the different subgroups of
the infection group, we found that the posture in
the period after the first measurement affected the
results to some degree. The DOB values peaked at
a different point in each subgroup, with those in the
sitting position subgroup reaching the maximum at
the earliest point (T10) and those in the left lateral
recumbent position peaking at the latest point (T20).
Although the DOB values in all subgroups were similar
at T5, they differed substantially thereafter. Thus,
the DOB values in the subgroups diverged at T10,
suggesting that they may be affected by the posture
early in the test, except for the component caused by
the presence of residual organisms in the oral cavity.
Furthermore, during the late stage (especially at T20
and thereafter), the DOB values were mainly affected
by the posture. As the gastric antrum, the most
common site of colonization by H. pylori, is removed
during the operation, the H. pylori infection rate in
patients after B-Ⅰ or B-Ⅱ gastrectomy is reduced by
[22]
[23]
about 50% . Park et al reported H. pylori infection
rates of 70.8% (B-I) and 45.9% (B-Ⅱ ). From the
viewpoint of pathophysiology, gastric emptying is faster
in the absence of the gastric antrum, and the clearance
13
of C-urea is further accelerated in the sitting position
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by the gravity force. Together, these factors reduce the
13
time of exposure of the gastric mucosa to C-urea,
leading to a significant decrease in DOB values during
the late stage of the test. This is the main reason of
13
the low diagnostic accuracy of the C-UBT in residual
stomach patients. A test meal, such as citric acid
13
solution, commonly used in the routine C-UBT to
prolong gastric emptying and improve the diagnostic
accuracy for H. pylori infection is ineffective in partial
[15]
gastrectomy subjects . The time dependence of the
DOB values in the right lateral recumbent position
group, which was also affected by gastric anatomy
and motility, was similar to that in the sitting position
13
group. In the left lateral recumbent position, C-urea
clearance was delayed, which allowed better access
of the substrate to H. pylori urease, resulting in the
DOB values peaking at a later time point (T20) and
remaining relatively stable during the late stage of the
test. The DOB values in subgroup D at T25 and T30 were
higher than those in the remaining three subgroups.
[16,24]
For clinical convenience
and to avoid the influence
of intestinal bacteria during the late stage, we did
not collect breath samples beyond 30 min. Urita et
[24]
13
al
suggested that the routine C-UBT should be
conducted for at least 20 min to diagnose H. pylori
infection. Combined with our findings, the duration of
30 or 25 min with the subject positioned horizontally
on the left side during the procedure might be optimal
for residual stomach patients.
Based on the effect of posture on DOB values,
we conclude that the patients’ posture during breath
samples collection could also influence final results. To
balance the accuracy and convenience, we recommend
that residual stomach patients are placed in the sitting
position when collecting the first sample and in the left
lateral recumbent position thereafter, including when
collecting the last sample.
We found no significant differences in DOB values
between the groups with different reconstruction
methods (B-Ⅰ and B-Ⅱ ), indicating that the ana
stomosis type does not affect the diagnostic value of
13
C-UBT, which is consistent with the study of Togashi
[9]
et al . The differences in DOB values between the
subjects with B-Ⅰ and B-Ⅱ anastomoses at T5, T10,
and T15 in infection subgroup D suggest that the late
stage of the test (T20 and thereafter) may be optimal
for avoiding the effect of the operation type. Moreover,
13
the left lateral recumbent position during the C-UBT
procedure was most suitable for the B-Ⅰ and B-Ⅱ
subjects. In this study, we selected subjects with B-I
and B-Ⅱ gastrectomy to simplify the analysis and to
be able to use universal conditions during the test, and
other operative methods will require further research.
As the H. pylori load is lower and gastric emptying
is faster after the operation, the CO2 concentration in
breath samples may be insufficient to detect positive
13
results, and the cutoff value for the C-UBT in residual
stomach subjects should be lower than that in the
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[1,5,12]

general population
. Therefore, the cutoff value in
this study was reduced from 3.5‰ to 2‰. According
[9]
13
to the literature , the sensitivity of the C-UBT for
gastric mucosa H. pylori detection is 82.2%-96.3%,
and the specificity is 94.6%-100%. Based on
the comparison with the results of histological
[11]
examinations, Kubota et al
found that the most
appropriate cutoff value in residual stomach subjects
was 2.0‰ as determined using a receiver operating
characteristic curve. Under these conditions, high
sensitivity (96.3%), specificity (100%), and accuracy
[19]
(97.1%) were achieved. Our previous study
found
13
that, when the cutoff value was 2.0‰, the C-UBT
had a high sensitivity (88.6%) and specificity (94.9%),
and its accuracy (92.6%) was similar to that of the
invasive test method (histological examination,
93.5%), with good consistency between the two
approaches (Kappa = 0.84). Accordingly, the 2.0‰
cutoff value is more suitable for residual stomach
subjects than the conventional value of 3.5‰.
[25]
Gisbert et al
suggested that values in the
2.0‰-5.0‰ range represented borderline results.
We did not observe such borderline results in the
present study. We suggest that a reexamination by the
13
C-UBT or other tests should be performed to verify
the results for residual stomach patients whose DOB
values are within the above-mentioned range, and
special attention should be paid in cases with DOB
values around 5‰.
In conclusion, unlike in the general population,
posture can influence the diagnostic accuracy of the
13
C-UBT in residual stomach subjects, especially during
the late stage of the test (20 min and thereafter).
We suggest that the mouth should be washed after
13
C-urea solution administration and that a cutoff value
of 2.0‰ and the horizontal position on the left side
should be used during the procedure (whose optimal
time is 30 or 25 min) and when collecting the last
13
breath sample. The modified C-UBT may be a simple,
safe, and effective method for diagnosing H. pylori
infection and for long-term follow-up after eradication
therapy in residual stomach subjects.

COMMENTS
COMMENTS

the diagnostic accuracy of the 13C-UBT in partial gastrectomy patients.

Applications

The modified 13C-UBT may be a simple, safe, and effective method for
diagnosing H. pylori infection and for long-term follow-up after eradication
therapy in residual stomach subjects.

Peer-review

This manuscript is interesting to me. Authors meticulously designed four
subgroups in H. pylori infection and control patients with different postures for
demonstrating the significance of outcome of 13C-urea breath test. The data
analysis is confident and exact. I think authors need amend some information of
outcome of 13C-urea breath test in the same patient with four different postures,
which can provide the more trustful results.

REFERENCES
1

2

3

4

5
6
7
8
9

10

Background

Accurate detection of the presence of Helicobacter pylori (H. pylori) in patients
with partial gastrectomy is of crucial importance. The efficiency of the 13C-urea
breath test (13C-UBT) in the diagnosis of H. pylori infection in patients after
gastrectomy is still controversial.

11

Research frontiers

Many factors may affect the diagnostic accuracy, and posture is especially
important.

12

Innovations and breakthroughs

Unlike in the general population, posture may affect the diagnostic accuracy of
the 13C-UBT in residual stomach subjects, especially during the late stage of
the test (20 min and thereafter). Utilization of the left lateral recumbent position
during the procedure and when collecting the last breath sample may improve

WJG|www.wjgnet.com

13

12894

Malfertheiner P, Megraud F, O’Morain C, Bazzoli F, El-Omar E,
Graham D, Hunt R, Rokkas T, Vakil N, Kuipers EJ. Current concepts
in the management of Helicobacter pylori infection: the Maastricht
III Consensus Report. Gut 2007; 56: 772-781 [PMID: 17170018
DOI: 10.1136/gut.2006.101634]
Chey WD, Wong BC. American College of Gastroenterology
guideline on the management of Helicobacter pylori infection. Am
J Gastroenterol 2007; 102: 1808-1825 [PMID: 17608775 DOI:
10.1111/j.1572-0241.2007.01393.x]
Tian XY, Zhu H, Zhao J, She Q, Zhang GX. Diagnostic
performance of urea breath test, rapid urea test, and histology for
Helicobacter pylori infection in patients with partial gastrectomy:
a meta-analysis. J Clin Gastroenterol 2012; 46: 285-292 [PMID:
22392025 DOI: 10.1097/MCG.0b013e318249c4cd]
Sinning C, Schaefer N, Standop J, Hirner A, Wolff M. Gastric stump
carcinoma - epidemiology and current concepts in pathogenesis and
treatment. Eur J Surg Oncol 2007; 33: 133-139 [PMID: 17071041
DOI: 10.1016/j.ejso.2006.09.006]
Gisbert JP, Pajares JM. 13C-urea breath test in the management
of Helicobacterpylori infection. Dig Liver Dis 2005; 37: 899-906
[PMID: 16280266 DOI: 10.1016/j.dld.2005.09.006]
Braden B, Lembcke B, Kuker W, Caspary WF. 13C-breath tests:
current state of the art and future directions. Dig Liver Dis 2007; 39:
795-805 [PMID: 17652042 DOI: 10.1016/j.dld.2007.06.012]
Campuzano-Maya G. An optimized 13C-urea breath test for the
diagnosis of H pylori infection. World J Gastroenterol 2007; 13:
5454-5464 [PMID: 17907288 DOI: 10.3748/wjg.v13.i41.5454]
Lee TH, Yang JC, Lee SC, Farn SS, Wang TH. Effect of mouth
washing on the. J Gastroenterol Hepatol 2001; 16: 261-263 [PMID:
11339415 DOI: 10.1046/j.1440-1746.2001.02437.x]
Togashi A, Matsukura N, Kato S, Masuda G, Ohkawa K, Tokunaga
A, Yamada N, Tajiri T. Simple and accurate (13)C-urea breath test
for detection of Helicobacter pylori in the remnant stomach after
surgery. J Gastroenterol 2006; 41: 127-132 [PMID: 16568371 DOI:
10.1007/s00535-005-1731-8]
Colaiocco Ferrante L, Papponetti M, Marcuccitti J, Neri M, Festi
D. 13C-urea breath test for helicobacter pylori infection: stability of
samples over time. Scand J Gastroenterol 1999; 34: 942-943 [PMID:
10522617]
Kubota K, Shimoyama S, Shimizu N, Noguchi C, Mafune
K, Kaminishi M, Tange T. Studies of 13C-urea breath test for
diagnosis of Helicobacter pylori infection in patients after partial
gastrectomy. Digestion 2002; 65: 82-86 [PMID: 12021481 DOI:
10.1159/000057709]
Kubota K, Hiki N, Shimizu N, Shimoyama S, Noguchi C, Tange
T, Mafune K, Kaminishi M. Utility of [13C] urea breath test for
Helicobacter pylori detection in partial gastrectomy patients. Dig
Dis Sci 2003; 48: 2135-2138 [PMID: 14705818 DOI: 10.1023/B:
DDAS.0000004516.45529.ee]
Adamopoulos AB, Stergiou GS, Sakizlis GN, Tiniakos DG,
Nasothimiou EG, Sioutis DK, Achimastos AD. Diagnostic value
of rapid urease test and urea breath test for Helicobacter pylori

December 7, 2015|Volume 21|Issue 45|

Yin SM et al . Posture on 13C-UBT in remnant stomach

14

15

16
17

18

19

detection in patients with Billroth II gastrectomy: a prospective
controlled trial. Dig Liver Dis 2009; 41: 4-8 [PMID: 18606579 DOI:
10.1016/j.dld.2008.05.010]
Schilling D, Jakobs R, Peitz U, Sulliga M, Stolte M, Riemann
J, Labenz J. Diagnostic accuracy of (13)C-urea breath test in
the diagnosis of Helicobacter pylori infection in patients with
partial gastric resection due to peptic ulcer disease: a prospective
multicenter study. Digestion 2001; 63: 8-13 [PMID: 11173894 DOI:
10.1159/000051866]
Sheu BS, Lee SC, Lin PW, Wang ST, Chang YC, Yang HB, Chuang
CH, Lin XZ. Carbon urea breath test is not as accurate as endoscopy
to detect Helicobacter pylori after gastrectomy. Gastrointest
Endosc 2000; 51: 670-675 [PMID: 10840298 DOI: 10.1067/
mge.2000.105719]
Ohara S, Kato M, Asaka M, Toyota T. Studies of 13C-urea breath test
for diagnosis of Helicobacter pylori infection in Japan. J Gastroenterol
1998; 33: 6-13 [PMID: 9497214 DOI: 10.1007/PL00009968]
Logan RP, Polson RJ, Misiewicz JJ, Rao G, Karim NQ, Newell
D, Johnson P, Wadsworth J, Walker MM, Baron JH. Simplified
single sample 13Carbon urea breath test for Helicobacter pylori:
comparison with histology, culture, and ELISA serology. Gut 1991;
32: 1461-1464 [PMID: 1773948 DOI: 10.1136/gut.32.12.1461]
Kwon YH, Kim N, Lee JY, Choi YJ, Yoon K, Yoon H, Shin CM,
Park YS, Lee DH. The diagnostic validity of the (13)c-urea breath
test in the gastrectomized patients: single tertiary center retrospective
cohort study. J Cancer Prev 2014; 19: 309-317 [PMID: 25574466
DOI: 10.15430/JCP.2014.19.4.309]
Yin SM, Zhang GS, Xiang P, Xiao L, Huang YQ, Chen J, Bao ZJ,

20

21

22
23
24

25

Yu XF. Application value of 13C-urea breath test in the diagnosis of
Helicobacter pylori infection in gastric remnant. Zhongguo Xiaohua
Zazhi 2012; 32: 669-673 [DOI: 10.3760/cma.j.issn.0254-1432.2012.
10.005]
Edge SB, Compton CC. The American Joint Committee on Cancer:
the 7th edition of the AJCC cancer staging manual and the future
of TNM. Ann Surg Oncol 2010; 17: 1471-1474 [PMID: 20180029
DOI: 10.1245/s10434-010-0985-4]
Miwa H, Murai T, Ohkura R, Kawabe M, Tanaka H, Ogihara
T, Watanabe S, Sato N. Effect of fasting subjects’ posture on
13C-urea breath test for detection of Helicobacter pylori infection.
Helicobacter 1997; 2: 82-85 [PMID: 9432333]
Danesh J, Appleby P, Peto R. How often does surgery for peptic
ulceration eradicate Helicobacter pylori? Systematic review of 36
studies. BMJ 1998; 316: 746-747 [PMID: 9529411]
Park S, Chun HJ. Helicobacter pylori infection following partial
gastrectomy for gastric cancer. World J Gastroenterol 2014; 20:
2765-2770 [PMID: 24659869 DOI: 10.3748/wjg.v20.i11.2765]
Urita Y, Hike K, Torii N, Kikuchi Y, Kanda E, Kurakata H, Sasajima
M, Miki K. Breath sample collection through the nostril reduces
false-positive results of 13C-urea breath test for the diagnosis of
helicobacter pylori infection. Dig Liver Dis 2004; 36: 661-665
[PMID: 15506664 DOI: 10.1016/j.dld.2004.06.008]
Gisbert JP, Olivares D, Jimenez I, Pajares JM. Long-term follow-up
of 13C-urea breath test results after Helicobacter pylori eradication:
frequency and significance of borderline delta13CO2 values.
Aliment Pharmacol Ther 2006; 23: 275-280 [PMID: 16393307 DOI:
10.1111/j.1365-2036.2006.02741.x]
P- Reviewer: Bener A S- Editor: Yu J

WJG|www.wjgnet.com

12895

L- Editor: Wang TQ
E- Editor: Wang CH

December 7, 2015|Volume 21|Issue 45|

World J Gastroenterol 2015 December 7; 21(45): 12896-12953
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i45.12896

© 2015 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Possible association between hepatitis C virus and
malignancies different from hepatocellular carcinoma:
A systematic review
Sirio Fiorino, Letizia Bacchi-Reggiani, Dario de Biase, Adele Fornelli, Michele Masetti, Andrea Tura, Fabio Grizzi,
Matteo Zanello, Laura Mastrangelo, Raffaele Lombardi, Giorgia Acquaviva, Luca di Tommaso, Arrigo Bondi,
Michela Visani, Sergio Sabbatani, Laura Pontoriero, Carlo Fabbri, Andrea Cuppini, Annalisa Pession, Elio Jovine
Sirio Fiorino, Andrea Cuppini, Unità Operativa di Medicina
Interna, Ospedale di Budrio, Budrio, 40054 Bologna, Italy
Letizia Bacchi-Reggiani, Dipartimento di Medicina
Sperimentale, Istituto di Cardiologia Policlinico S. OrsolaMalpighi, Università degli Studi di Bologna, 40138 Bologna,
Italy
Dario de Biase, Giorgia Acquaviva, Dipartimento di Medicina
Sperimentale, Università di Bologna, Unità Operativa Biologia
Molecolare, Anatomia Patologica Ospedale Bellaria, 40139
Bologna, Italy
Adele Fornelli, Arrigo Bondi, Servizio di Anatomia Patologica,
Ospedale Maggiore, 40133 Bologna, Italy
Michele Masetti, Matteo Zanello, Laura Mastrangelo,
Raffaele Lombardi, Elio Jovine, Unità Operativa di Chirurgia A,
Ospedale Maggiore, 40133 Bologna, Italy
Andrea Tura, Institute of Neuroscience, National Research
Council, 35127 Padova, Italy
Fabio Grizzi, Luca di Tommaso, Humanitas Clinical and
Research Center, Rozzano, 20089 Milano, Italy
Michela Visani, Annalisa Pession, Dipartimento di Farmacia e
Biotecnologie, Università di Bologna, 40139 Bologna, Italy
Sergio Sabbatani, Istituto di Malattie Infettive, Policlinico
S. Orsola-Malpighi, Università degli Studi di Bologna, 40138
Bologna, Italy
Laura Pontoriero, Unità di Cura Materno-Infantile, Distretto
Lametino, ASP, 88100 Catanzaro, Italy
Carlo Fabbri, U.O. Endoscopia, Ospedale Maggiore, 40133
Bologna, Italy
Author contributions: Fiorino S conceived the study and

WJG|www.wjgnet.com

coordinated the search activity of colleagues; Visani M and
Acquaviva G contributed to the design of the review and
coordinated the preparation of the first draft of manuscript;
Masetti M and Lombardi R independently and in a parallel
manner, performed the literature search, identified and screened
the articles; Bacchi-Reggiani L and Fornelli A supervised the
literature search analysis; Grizzi F and di Tommaso L contributed
to write the first draft of manuscript; Tura A and Pontoriero
L checked the accuracy of data collection; Zanello M and
Mastrangelo L independently extracted and tabulated all relevant
data from included studies by means of a standardized flow path
and contributed to writing the manuscript; Fabbri C and Cuppini
A commented on drafts of the manuscript; Bondi A and Pession
A supervised and critically reviewed the manuscript; Sabbatani
S and Jovine E were responsible for the final approval of
manuscript; de Biase D contributed to the design of the study and
commented on drafts of the manuscript; all authors approved the
final version of the manuscript.
Conflict-of-interest statement: All authors declare that they
have no competing interest.
Data sharing statement: The dataset is available from the
corresponding author at sirio.fiorino@ausl.bologna.it.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Sirio Fiorino, MD, Unità Operativa di
Medicina Interna, Ospedale di Budrio, Via Benni 44, Budrio,
40054 Bologna, Italy. sirio.fiorino@ausl.bologna.it
Telephone: +39-51-809259
Fax: +39-51-809296

12896

December 7, 2015|Volume 21|Issue 45|

Fiorino S et al . HCV and extra-hepatic cancers

to confirm or deny this association.

Received: April 17, 2015
Peer-review started: April 19, 2015
First decision: July 14, 2015
Revised: August 5, 2015
Accepted: October 13, 2015
Article in press: October 13, 2015
Published online: December 7, 2015

Key words: Neoplasm; Cancer; Hepatitis C virus; Risk
factors; Extra-hepatic malignancies; Hepatocellular
carcinoma; Pancreatic cancer; Cholangiocarcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To summarize the current knowledge about the
potential relationship between hepatitis C virus (HCV)
infection and the risk of several extra-liver cancers.
METHODS: We performed a systematic review of the
literature, according to the Preferred Reporting Items
for Systematic reviews and Meta-Analysis (PRISMA)
Statement. We extracted the pertinent articles, published
in MEDLINE and the Cochrane Library, using the
following search terms: neoplasm/cancer/malignancy/
tumor/carcinoma/adeno-carcinoma and non-Hodgkin
lymphomas, kidney/renal-, cholangio-, pancreatic-,
thyroid-, breast-,oral-, skin-, prostate-, lung-, colon-,
stomach-, haematologic. Case series, case-series with
control-group, case-control, cohort-studies as well as
meta-analyses, written in English were collected. Some
of the main characteristics of retrieved trials, which
were designed to investigate the prevalence of HCV
infection in each type of the above-mentioned human
malignancies were summarised. A main table was
defined and included a short description in the text for
each of these tumours, whether at least five studies
about a specific neoplasm, meeting inclusion criteria,
were available in literature. According to these criteria,
we created the following sections and the corresponding
tables and we indicated the number of included or
excluded articles, as well as of meta-analyses and
reviews: (1) HCV and haematopoietic malignancies; (2)
HCV and cholangiocarcinoma; (3) HCV and pancreatic
cancer; (4) HCV and breast cancer; (5) HCV and kidney
cancer; (6) HCV and skin or oral cancer; and (7) HCV
and thyroid cancer.
RESULTS: According to available data, a clear cor
relation between regions of HCV prevalence and risk of
extra-liver cancers has emerged only for a very small
group of types and histological subtypes of malignancies.
In particular, HCV infection has been associated with:
(1) a higher incidence of some B-cell Non-HodgkinLymphoma types, in countries, where an elevated
prevalence of this pathogen is detectable, accounting
to a percentage of about 10%; (2) an increased risk of
intra-hepatic cholangiocarcinoma; and (3) a correlation
between HCV prevalence and pancreatic cancer (PAC)
incidence.
CONCLUSION: To date no definitive conclusions may
be obtained from the analysis of relationship between
HCV and extra-hepatic cancers. Further studies,
recruiting an adequate number of patients are required

WJG|www.wjgnet.com

Core tip: Hepatitis C virus (HCV) is an oncogenic
virus and a well-known risk factor for hepatocellular
carcinoma. Some reports suggested that its infection
is associated with development of cholangiocarcinoma
and some types of lymphomas, but a comprehensive
assessment of the possible role of HCV in extrahepatic
carcinogenesis has not been yet performed. Aim of this
review is to focus on HCV infection association with
extra-liver neoplasms, as lymphomas, pancreatic cancer
and breast-, renal-, oral- and thyroid-cancers. Our
results strongly support the need of additional studies
to ensure a precise estimate of the effect of HCV on
these different types of extra-hepatic cancers.
Fiorino S, Bacchi-Reggiani L, de Biase D, Fornelli A, Masetti
M, Tura A, Grizzi F, Zanello M, Mastrangelo L, Lombardi R,
Acquaviva G, di Tommaso L, Bondi A, Visani M, Sabbatani S,
Pontoriero L, Fabbri C, Cuppini A, Pession A, Jovine E. Possible
association between hepatitis C virus and malignancies different
from hepatocellular carcinoma: A systematic review. World J
Gastroenterol 2015; 21(45): 12896-12953 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12896.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12896

INTRODUCTION
Hepatitis C virus (HCV) is a major global health
problem, because it represents a very important
cause of mortality, morbidity and resource utilization.
Although remarkable differences are detectable in
the world, depending on geographical areas and
ethnicity, it is estimated that the prevalence of
[1]
HCV infection is about 2% worldwide (Figure 1) .
Approximately 180 million people carriers this pathogen
[2]
persistently . HCV chronic infection can lead to a
necro-inflammatory liver disease, with different pattern
of severity and course. This condition is associated
with an increased risk of cirrhosis, liver failure and
[3]
hepatocellular carcinoma . Although liver is the main
target for HCV, it is now well-known that this pathogen
may induce extra-hepatic pathological conditions,
including mixed cryoglobulinemia, porphyria cutanea
tarda, membranoproliferative glomerulonephritis,
Sjögren’s syndrome, thyroiditis, a high prevalence
[4]
of autoantibodies as well as Central and Peripheral
[5]
Nervous System demyelinating disorders . Several
of these manifestations are thought to be caused by
the host immune response to this micro-organism
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Figure 1 Prevalence of chronic hepatitis C virus status in different coutries worldwide. HCV: Hepatitis C virus.

and not by a direct viral cytopathic effect. In parti
cular, chronic antigenic stimulation by HCV promotes
B-lymphocyte clonal expansion, with the production and
release of monoclonal and polyclonal antibodies and
[6]
generation of immune complexes . Their deposition
in small vessels and glomerular capillary walls induces
complement activation and, as consequence, tissue
[7]
injury . In addition, several studies have shown that
HCV may infect organs and tissues other than the liver.
In particular, presence of antigens, genome and/or
replicative sequences of HCV have been detected in
several extra-hepatic localizations, such as peripheral
[8,9]
blood cells (i.e., neutrophils, T- and B-lymphocytes)
[10]
[11,12]
[13]
[14]
or kidney , skin
, oral mucosa , salivary glands
and pancreas tissues as well as, in a small number of
cases, from heart, gallbladder, intestine and adrenal
[15,16]
glands tissues
.
Although HCV antigens and replicative forms have
been detected in various extra-hepatic sites, the
possible role on the onset of malignancies in these
organs is still under investigation. Some evidences
have recently suggested the possibility that this
pathogen may be associated with the development
of a wide spectrum of hematologic or solid cancers,
such as non-Hodgkin lymphomas, biliary duct-,
bladder-, renal-, pancreatic-, thyroid-, breast- and
prostate-carcinomas. Here we summarize the current
knowledge about the potential link between HCV
infection and risk of these malignancies and we
performed a systematic review of the literature that
reports the prevalence of HCV infection in patients,
suffering from above mentioned malignancies.

MATERIALS AND METHODS
Search strategy and selection of studies

See supplementary Material and Methods for further
information.
A systematic computer-based search of published

WJG|www.wjgnet.com

articles, according to the Preferred Reporting Items
for Systematic reviews and Meta-Analysis (PRISMA)
Statement, issued in 2009, was conducted through
Ovid interface, in order to identify relevant studies
on the potential association between HCV infection
and malignancies other than hepatocellular carci
noma (HCC). The literature review was performed in
February 2015. The following electronic databases
were used: MEDLINE (1950 to February, 2015) and
the Cochrane Library (until the fourth quarter of 2014)
for all relevant articles. The search strategy and the
search terms were developed with the support of a
professional research librarian. The search text words
were identified by means of controlled vocabulary, such
as the National Library of Medicine’s MESH (Medical
Subject Headings) and Keywords. In our review,
assessing the possible association between HCV
infection and risk of malignancies other than HCC, we
focused on the following malignancies: (1) lymphomas
and, in particular, non-Hodgkin lymphomas; (2)
biliary ducts-/gallbladder-; (3) renal-/kidney-; (4)
pancreatic-; (5) thyroid-; (6) breast-; (7) lung-; (8)
stomach-; (9) colon-; (10) skin-/oral-; (11) bladder-;
and (12) prostate-carcinomas. The inclusion criteria
for our analysis were: (1) study designs by considering
data from all published case series, case-control-,
hospital-based case-control-, population-based casecontrol- as well as cohort-studies; (2) articles which
were reported in English, as peer-reviewed, full-text
publications, whereas papers that were not published
as full reports, such as conference abstracts, case
reports, and editorials were excluded; (3) clinical
series or studies evaluating histological specimens,
that included at least 15 patients, therefore reports
with fewer than 15 subjects were not considered;
and (4) papers describing the type of tests used to
assess HCV presence; in particular, in all studies virus
search was performed by means of second- or thirdgeneration enzyme-linked immunosorbent assay
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(ELISA) or recombinant immunoblot assay (RIBA) for
confirmation as well as in a large part of available trials
HCV-RNA presence was also tested.

Study selection

Data extraction: Two authors (Masetti M and BacchiReggiani L), independently and in a parallel manner,
performed the literature search, identified and screened
relevant articles, based on title or title and abstract.
If a study was considered potentially eligible by either
of the 2 reviewers, the full article of this research was
collected for further assessment. Other two authors
(Zanello M and Mastrangelo L) independently extracted
and tabulated all relevant data from included studies
by means of a standardized flow path, according to the
Cochrane handbook section 7.3a checklist of domains.
The following information was obtained from each
study, by means of a predefined data extraction form,
including: first author’s name, study design, inclusion
and exclusion criteria, year of publication, country of
origin, ethnicity, matching criteria, number of cases and
controls, diagnostic methods to detect each malignancy,
HCV detection assays. The accuracy of data collec
tion was checked by Tura A and any disagreements
concerning the results were settled by consensus
between all authors. With the purpose to prevent
multiple inclusions of the same data, we searched the
presence of possible duplicates, examining the first
author’s name as well as the place and the period of
subjects’ enrolment. When different versions of the
same study were detected, only the most recent one
was considered.

RESULTS
The search of MEDLINE and Cochrane Library pro
duced the following citations: (1) haematopoietic
malignancies: 1424; (2) biliary ducts-/cholangio-:
616; (3) renal-/kidney-: 891; (4) pancreatic-: 244; (5)
thyroid-: 126; (6) breast-: 180; (7) lung-: 247; (8)
stomach-: 141; (9) colon-: 115; (10) skin-/oral-: 598;
(11) bladder-: 150; and (12) prostate-carcinomas: 43.
After a preliminary review of the titles and/or
abstracts with the exclusion of non-pertinent articles,
we obtained these results: (1) haematopoietic
malignancies, including lymphomas/non-Hodgkin
lymphomas: 126; (2) biliary ducts-/cholangio-: 48; (3)
renal-/kidney-: 10; (4) pancreatic-: 15; (5) thyroid-:
11; (6) breast-: 8; (7) lung-: 3; (8) stomach-: 2; (9)
colon-: 5; (10) skin-/oral-: 11; (11) bladder-: 3; and
(12) prostate-carcinomas: 5.
We screened the potentially relevant studies and, in
accordance with predefined criteria, we identified and
considered in our systematic review the following number
of studies: (1) haematopoietic malignancies: 108
articles considered, 6 reviews/meta-analyses, 12 papers
[17-146]
excluded
; (2) biliary ducts/cholangiocarcinoma: 36
articles considered, 3 reviews/meta-analyses, 9 papers
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[147-195]

excluded
; (3) renal/kidney: 8 articles considered,
[118,146,196-203]
2 papers excluded
; (4) pancreatic: 9
articles considered, 3 reviews/meta-analyses, 3 papers
[118,146,170,197,204-214]
excluded
; (5) thyroid: 7 articles
[52,73,118,146,196,197,215-217]
considered, 4 papers excluded
;
(6) breast: 6 articles considered, 2 papers exclu
[117,118,146,196,197,202,218,219]
ded
; (7) lung: 2 articles meeting
[146,196,197]
inclusion criteria, 1 not
; (8) stomach: 2
[146,220]
articles meeting inclusion criteria
; (9) colon: 3
[118,146,196,197,202]
articles meeting inclusion criteria, 2 not
;
(10) skin/oral: 10 articles considered, 1 paper exclu
[118,146,197,221-228]
ded
; (11) bladder: 3 articles meeting
[118,146,197]
inclusion criteria
; and (12) prostate-carcinomas:
[118,146,196,197,202]
4 articles meeting inclusion criteria, 1 not
(Tables 1-7). A limited number of identified studies
were formally designed as “cohort-“ or “case-control”
trials, adequately reporting inclusion criteria for the
control group, such as “odds ratios” after adjustment
for the most important confounding factors, or showing
that cases and controls were matched by sex and
age. Whether these data were not indicated, but an
acceptable series of healthy subjects or patients with
different diseases were recruited for comparison and
were described, we defined the considered study, as:
“case series with control group”.
On the basis of our results, we summarised some of
the main characteristics of retrieved trials, which were
designed to investigate the prevalence of HCV infection
in each type of the above- mentioned malignancies.
In particular, we created a main table and included a
short description in the text for each of these tumours,
whether at least five studies, evaluating this parameter
and meeting inclusion criteria, were available in
literature. In each of these tables, we reported the
following data of studies considered: first author’s
name, study design, year of publication, country of
origin, matching criteria, number of cases and controls,
diagnostic methods to detect each malignancy,
percentage of HCV-positive cases with 95% confidence
intervals (CIs) and main conclusions. CIs for each
proportion were calculated according to normal dis
tribution or binomial distribution as appropriate.
Accordingly to these pre-definite criteria, we created
the following sections and the corresponding Tables:
(1) HCV and haematopoietic malignancies (Table 1);
(2) HCV and cholangiocarcinoma (Table 2); (3) HCV
and pancreatic cancer (Table 3); (4) HCV and breast
cancer (Table 4); (5) HCV and kidney cancer (Table
5); (6) HCV and skin or oral cancer (Table 6); and (7)
HCV and thyroid cancer (Table 7). Furthermore, we
created additional tables, reporting both the studies
not considered in our systematic review and the metaanalyses, assessing the association between HCV
infection and risk of each human malignancy (see
Tables 1-7). A summary of number of studies and
meta-analyses is shown in Figure 2. Age-standardized
incidence rates of each malignancy per 100000 personyears are reported for sex and for different countries in

12899

December 7, 2015|Volume 21|Issue 45|

Fiorino S et al . HCV and extra-hepatic cancers
120

Studies considered
Meta-analyses/review

100

Articles excluded

80

60

40

20

0
a 4)
a 6)
er 8)
er 0)
er 9)
er 9)
er 7)
nc 20
nc 23
nc 21
om 7
om 12
nc 18
nc 19
in 7-1
ca 98ca 20ca 09ca 75ca 90ph s 1c
l
l
2
r
t
c
d
m
s
1
1
1
2
2
ti
ra
ca
na s 1
oi
Ly nce
ea s
/o es
io es
ea es
yr ces
Re nce
e
Br nce
in nc
cr nc
ng nc
Th ren
er
Sk ere
la ere
an ere
re
re
ef
o
P
e
e
e
r
f
(
ef
ef
ef
ef
ef
Ch (re
(r
(r
(r
(r
(r

Figure 2 Number of studies and meta-analyses, assessing the association
between hepatitis C virus infection and different types of malignancies,
included in the present systematic review. References are reported in the
supplementary section.
[229]

Figure 3

.

HCV and haematopoietic malignancies risk

The analysis revealed that most of available studies
assessed the prevalence of this pathogen in patients
with non-hodgkin-lymphomas (NHLs) and, in particular,
in subjects with B-lymphocyte NHLs. However, the aim,
design, inclusion criteria and definition of controls widely
varied among the identified trials. In particular, available
studies assessed the prevalence of HCV infection either
in B-, T-, NK-, subtypes of NHLs or in B-cell NHLs alone
or in NHLs together with different lymphoprolipherative
disorders or in lymphoprolipherative malignancies other
than NHLs.
When we examined the large series of these trials,
evaluating NHLs, it was necessary to take into account
some problems of comparability, such as: type of NHL
classification; ASSAYS used to detect HCV infection;
and aim of selected studies.
Depending on year of publication, different
classifications for NHLs have been used, including:
Working Formulation, REAL or WHO classifications. In
addition, only in some articles a detailed description
of nodal or extra-nodal NHLs has been performed
as well as a few studies were identifiable as formal
case-control, reporting an adequate description of
control groups characteristics, such as matching
factors (i.e., age, gender, birthplace and performance
status), odds ratios adjusted for potential confounding
factors. Furthermore, the sensitivity and specificity
of diagnostic tests, used to detect antibodies antiHCV or viral genome, largely differed among the trials
considered in our systematic review (Table 1). In
some studies the presence of anti-HCV antibodies was
assayed by second-generation-, in others by thirdgeneration-immune-enzymatic screening tests or by
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confirmatory tests, such as second-/third-generationRIBA assays or by search of viral genome by means
of different polymerase chain reaction (PCR)based techniques. Furthermore, some hematologic
malignancies, such as chronic lymphocytic leukemia
have been classified into the category of NHLs in
several trials, whereas they have been considered as
entities distinct from NHLs in other reports. However,
to date even if a large methodological heterogeneity
exists among all these studies, the number of trials
performed worldwide to assess the potential effect of
HCV infection on the risk of NHLs is wide. Therefore,
the available data, collected in peoples of various
ethnicities as well as in populations of different
geographical areas may provide a valid representation
of the real situation in a large number of distinct
countries. In particular, according to the results of
available studies and meta-analyses, an association
between HCV infection and B-lymphocyte NHLs
development has emerged, with an assessed moderate
risk for lymphoma development and odds ratios
ranging between 2 and 3 on average. Nevertheless,
this estimation differs largely, not only depending
on the histological types considered but also on the
geographical location and race of populations included
in the different trials. An increased risk of NHLs has
been described in studies performed in countries,
where an elevated HCV prevalence is detectable,
including Italy and Spain in Southern Europe, Japan
and Taiwan in Asia as well as in Egypt and in southern
United States areas. In these regions the percentage
of HCV-associated NHLs can also reach a value
equal to 10%. On the other hand, the association
between HCV and NHLs development has not been
confirmed in countries with low viral prevalence, such
as countries of Northern Europe (United Kingdom,
German, France, Denmark) or North America (Canada,
Northern and United States regions). According to
the results of a large European multicenter casecontrol-study as well as of available meta-analyses
some subtypes of B-lymphocyte NHLs have resulted
to be more frequently associated with diffuse large
B-cell lymphoma (DLBCL) with an OR equal to 2.24,
marginal zone lymphoma (MZL) with an OR equal to
2.47, and lymphoplasmocytic lymphoma (LPL) with an
[129]
OR equal to 2.57 . In an additional large populationbased trial in United States, an enhanced risk for
follicular lymphoma (OR = 1.88), Burkitt’s lymphoma
(OR = 5.21), DLBCL (OR = 1.52) and MZL (OR =
[119]
2.20) was reported
. However, other than above
mentioned lymphoprolipherative diseases, no clear
relationship has emerged, concerning HCV infection
and haematological malignancies. In particular, even
if some trials reported a higher prevalence of HCV in
[36,76,133]
patients with Multiple Myeloma
, this observation
[24,119,126]
has not been confirmed in further reports
. In
addition, no statistically significant association has been
found between anti-HCV sero-positivity and Hodgkin
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Figure 3 Age-standardized incidence rates of each malignancy per 100000 person-years are reported for sex and for different countries. A: Incidence rates
of non-hodgkin-lymphomas (GLOBOCAN 2012); B: Incidence rates of cholangiocarcinoma (by Shin HR, Asian Pacific Journal of Cancer Prevention 2010; 11); C:
Incidence rates of pancreatic cancer (GLOBOCAN 2012); D: Incidence rates of breast cancer (GLOBOCAN 2012); E: incidence rates of kidney cancer (GLOBOCAN
2012); F: Incidence rates of oral/skin cancers (GLOBOCAN 2012); G: Incidence rates of thyroid cancer (GLOBOCAN 2012).

Lymphoma risk. To date, no studies have evaluated
whether some risk factors, such as smoking habit,
alcohol use or diabetes may act in cooperation with
this virus and increase the risk of lymphoprolipherative
disorders. The results of our research, concerning
the possible association between HCV infection and
hematopoietic malignancies, studies not considered, as
well as meta-analyses are summarised in Tables 1, 8
and 9. Figure 3A shows the age-standardized incidence
rates of main haematopoietic malignancies per 100000
person-years.

HCV and cholangiocarcinoma risk

Colangiocarcinoma (CCAs) arises from the biliary
tract and can be classified into two major types with
respect to location: intrahepatic cholangiocarcinoma
(ICCA) and extrahepatic cholangiocarcinoma (ECCA).
The latter form of malignancy may be further di
vided into ductal or peri-hilar cancers. The secondorder bile ducts and the cystic duct represent the
point of distinction between ICCAs and peri-hilar
CCAs as well as respectively. The importance of this
distinct classification reflects differences in clinical
presentation, natural history and treatment of intraand extra-hepatic cholangiocarcinomas.
Overall, a large series of trials, have been
performed in different populations and geographical
areas. Some of these studies have been carried
out both in areas with an elevated prevalence of
cholangiocarcinoma, including China, Korea, Japan
and Egypt, and in regions with low prevalence of this
cancer, including Italy, United States and Denmark.
Therefore, these reports may be considered as a rather
representative estimation of the real epidemiological
burden of this tumour worldwide. In our systematic
review we identified 36 studies. The aim, design,

WJG|www.wjgnet.com

inclusion criteria and definition of controls widely varied
among the identified trials and some of these have not
distinguished among ICCs from ECCs. In particular, 6
have been carried out in United States, 3 in China, 2 in
Korea, 9 in Japan, 4 in Thailand, 3 in Italy, 1 in Egypt,
1 in Iran, 1 in Greece, although a low number of
studies Northern Europe. However, from the identified
studies HCV infection has emerged as risk for ICC, but
not for ECC, in a large number of distinct countries
worldwide, even if, in some regions in Southern-East
Asia, other factors are potentially involved in CCAs
development. In these areas, further infectious agents,
such as Opisthorchis viverrini and Clonorchis sinensis,
represent risk factors for CCAs. In available metaanalyses, the presence of HCV was associated with a
statistically significant increased risk of ICC incidence,
with an OR ranging from 3.42 (95%CI: 1.96-5.99)
[168,190]
to 4.84 (95%CI: 2.41-9.71)
. The results of our
review, concerning the possible association between
HCV infection and CCA risk, studies not considered,
as well as meta-analyses are summarised in Tables 2,
10 and 11. Age-standardized incidence rates of ICC
malignancies per 100000 person-years is reported in
Figure 3B.

HCV and pancreatic cancer risk

Until few years ago, although it was well-known that
several viruses, including HCV, may infect pancreas
[230]
and cause the acute inflammation of this organ , no
studies had been specifically designed to investigate
the possible role of HCV in the PDAC development.
Different viral and host factors have contributed to
make the study of the pancreas extremely hard,
including the localization of this organ in retroperitoneum, the small size of precursor malignant
lesions, the difficulty to identify HCV antigens and/or
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Case series study
with control group
Period: NR

Study design

Diagnosis

All lymphomas: NHLs: 30 HL:
18 NHLs
NHL classification: Working
Formulation
Amin J J Hepatol
Community-based
NHLs
2006
cohort-study
Cohort of HCV positive
Period: 1990-2002 patients: 75834, Cohort of HBV/
HCV positive patients: 2604
Incidence of LNHs observed
in the study cohort was
compared to expected incidence
derived from New South
Wales population cancer rates
by calculating standardised
incidence ratios
Anderson LA
PopulationSubjects with hematopoietic
Epidemiol Biomarkers based nested casemalignancies identified, using
Prev 2008
control study of
SEER-Medicare data. SEER
hematopoietic
program: a cancer surveillance
malignancies
program supported by the
Period: 1993 and 2002 National Cancer Institute and
covering about 25% of United
States population
NHL classification: World
Health Organization
classification Myeloproliferative
malignancies classification:
acute- and chronic myeloid
leukaemia, myelodysplastic
syndrome, chronic
myeloproliferative disease
Arcaini L Clinical
Case series study
Splenic MZLs
Lymphoma, Myeloma with control group
NHL classification: World
& Leukemia 2011
Period: NR
Health Organization
classification

Akdogan M Turk J
Gastroenterol 1998

Author/Journal/
Publication year
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Incidence observed in the
study cohort was compared
to expected incidence derived
from NSW population cancer
rates by calculating standardised
incidence ratios (SIR)

Individuals with HCV
infection: 75834
LNH cases detected: 33

SIR: 0.9 (0.6-1.2)

(1) 17/9488 (0.8%)

HCV positive
controls/total
controls

12904
25/92 Splenic MZL patients
(27.2%)

Patients (122) with WMc
66/122 subjects with HCV
markers

6/66 WMc
patients (9%)

195/61464 (0.3%) cases with
Controls were identified by
264/122531 (0.2%)
Hemato-poietic malignancies means of Medicare, a federally population-based
identified NHLs: 103/33940
funded program administered controls identified
(0.3%) DLBCL: 34/10144
by the Centres for Medicare
(0.3%) BL: 2/197 (1.5%) MZL: and Medicaid Services, For each
12/1908 (0.6%) FL: 19/4491 included case, two controls were
(0.4%) CLL: 23/10170 (0.2%) selected at random from the 5%
LL: 2/1148 HL: 3/1155 (0.3%)
random sample of Medicare
PCM: 31/9995 (0.3%) Myeloid
beneficiaries
neoplasm: 47/11945 (0.4%)
AML: 23/6068 (0.4%) CML:
1/1528 (0.1%) MS: 18/3084
(0.6%) CMD: 1/1346 (0.1%)

(2) Healthy blood donors

Control source

(1) NHL: 4/30 (13.3%)
(2) Patients with Hodgkin
Lymphoma

HCV positive HM/total HM

27.2 (18.1-36.2)

0.3 (0.2-0.4)

0.04 (0.03-0.05)

13.3 (3.8-30.7)

Percentage of
HCV-positive cases
with 95%CI

Main conclusions

Despite similar outcomes among SMZL
and WM, SMZL appears as a disease
with distinct clinical and histologic
characteristics, and a peculiar association
with HCV infection

Association between HCV and elevated
risk of NHLs and acute myeloid leukemia.
HCV may induce lymphoproliferative
malignancies through chronic immune
stimulation

Increased prevalence of HCV persistent
infection in patients with NHL, but not
in patients with HL, in comparison with
general population
In HCV infection group no increased
overall risk of NHL-cell lymphoma, but,
a number of B-cell NHLs (diffuse NHL,
immunoproliferative malignancies and
chronic lymphocytic leukaemias) had
SIRs greater than one

Table 1 Characteristics of available studies, reported in English, designed to assess the association between hepatitis C virus infection and haematopoietic malignancies

Fiorino S et al . HCV and extra-hepatic cancers

December 7, 2015|Volume 21|Issue 45|

WJG|www.wjgnet.com

12905

Case control
Period: March
1993-June 2002

Besson C J Clin
Oncol 2006

NHLs: 136 subjects B-cellNHLs: 110 patients
NHL classification: Revised
European American Lymphoma
(REAL) histological scheme
B-NHL (DLBCL)
NHL classification: Working
Formulation

26/5586 (0.5%)

2/136 (1.5%)

B-cell NHLs 2/416 (0.5%)

2/44 (4.5%)

NR

Group 1: 682 first-degree
relatives (spouses, children,
fathers, and brothers of the
patient) living in the neighboring
area of the patient. Group 2: 832
healthy blood donors, donating
during the same period of time
at the central blood bank. Group
3: Neoplastic disease group, with
408 patients with solid tumors,
breast cancer:127 colon cancer: 94
gastric cancer; 79 lung cancer: 98
Group 4: 353 patients with HCVpositive related chronic liver
disease

NR

(1) HCV negative patients with
DLCL enrolled in the present
study (2) individuals with DLCL
randomly chosen among HCVnegative patients included in the
GELA program
Italian multi-center
All lymphomas: 637 HD: 157
44/637 (6.9%) HD: 5/157
Patients from other departments
case-control study
CLL: 100 ALL: 54 MM: 107
(3.2%) CLL: 9/100 (9%) ALL:
of the same hospitals: the
Period: January 1998 AML: 140 CML: 49 T-NHL: 30 4/54 (7.6%) MM: 5/107 (4.7%)
departments of dentistry,
-February 2001
NHL classification for T-NHLs: AML: 11/140 (7.9%) CML:
dermatology, general surgery,
REAL/WHO classification
6/49 (12.2%)
gynecology, internal medicine,
T-NHL 4/30 (13.8%)
ophthalmology, orthopedics,
otorhinolaryngology, and
traumatology

Case series
Period: January
1995-June 1998

Bianco E
Haematologica 2004

NHLs Low-grade: 12 (27%)
Intermediate grade: 24 (55%)
High-grade: 8 (18%)
NHL classification: Working
Formulation

Case-control study
B-cell NHLs: 416
Period: January
Diffuse large cell: 236 Follicular:
1997-December 1999
97 Marginal B-cell zone: 83
NHL classification: World
Health Organization
classification

Case series
Period: FebruaryOctober 1997

Bauduer F
Hematol Cell Ther
1999

Aviles A Med Oncol
2003

Arican A Med Oncol
2000

22/396 (5.6%)

(1) 5586
(2) 35

Prevalence of
HCV equal to:
(1) 0 among firstdegree relatives
of patients (2) 0.12
(0.02-0.88) among
healthy blood
donors (3) 0.56,
(0.28-0.75). among
patients with
solid tumors (4)
No patients with
HCV chronic liver
disease developed
malignant
lymphoma in a
median follow-up
of 7.9 yr
NR

NR

6.9 (4.9-8.8)

0.5 (0.29-0.64)

1.5 (0-3.4)

0.5 (0-1.1)

4.5 (0-10.7)

HCV-positive patients with DLBCL
differ from other patients both at
presentation and during chemotherapy.
Specific protocols evaluating antiviral
therapy should be designed for these
patients
Possible association of HCV infection
not only with B-NHL but also with
some other lymphoid and myeloid
malignancies, however no definitive
significant results, due to the absence of
large groups of patients to confirm this
assumption

No evidence of relationship between
HCV and NHLs

No association between HCV chronic
infection and NHL development in this
study. The prevalence of HCV infection
reported to be 0.3%-1.5% in healthy
Turkish-blood donors in previous studies
be 1.5% in healthy Turkish-blood donors
in previous
Association between HCV infection and
development of malignant lymphoma
represents an hazardous observation, the
close association reported in areas with a
higher prevalence of HCV infection has to
be considered with caution, because other
epidemiological factors have not been
considered, such as a high prevalence of
HCV infection compared to other areas
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Case records
All PLL: 31 cases, 27/31
HCV-test available for 28
Data obtained from
patients with a B-cell
subjects, HCV test available in
the hepatology
lymphoma: -DLBCL: 22,
23 patients with B-cell PLL
gastroenterology,
-BL: 1, -EMZBL of mucosa1 HCV positive patient with
hematology,
associated lymphoid tissue
peripheral T-cell lymphoma
internal medicine type: 3, unclassified, small B-cell
5/23 (21.7%)
and pathology
lymphoma:1, T-cell lymphomas:
departments of 64
4
French hospitals
NHL classification: World
Period: 1992-1999
Health Organization
classification
Case- control study
All LPDs: 300 patients AntiNHL: 38/150 (25.3%) HL:
Period: 1985-1990
HCV positive patients 57/300
2/20 (10%) CLL: 2/40 (5%)
(19.7%) NHLs: 150; HL: 20 CLL:
Plasma cell discrasias:
40 Plasma cell discrasias: 90
15/90(16%)
Blood donors

NR

53/3108 (1.7%)

NR

Caviglia GP J
Cohort study
1313 patients with chronic
B-cell NHL: 41 MZL: 15
Controls selected on the basis
130 HCV positive
Gastroenterol Hepatol Period: January 2006 HCV hepatitis 121 patients with
(36.6%), had DLBCL: 10
of the absence of extra-hepatic
subjects without
2014
-December 2013
extra-hepatic manifestations:
(24.4%), FL: 4 (9.8%) LPL; 1
manifestation of HCV infection
extrahepatic
B-NHL: 41/1323 (3.1%) MCS:
(2.4%), MM: 1 (2.4%), CLL:
manifestation
25/1323 (1.9%) MGUS: 55/1323
1 (2.4%) and B-NHL not
(4.2%)
otherwise specified: 9 (22%)
NHL classification: World
Health Organization
classification
Chindamo MC
Case series with
All lymphomas: 207 -HL: 67
B-cell NHL: 8/87 (9.2%)
(1) Blood donors (2) Other
(1) 472/39371
Oncol Rep 2002
control group
-B-NHL: 87 -T-NHL: 22 -CLL:
haematological malignancies
(1.2%) (2) 2/98
Period: May 1995
31
(Hodgkin’s disease and chronic
(2%)
-September 1998
NHL classification: Revised
lymphocytic leukaemia)
European American Lymphoma
(REAL) histological scheme
Chuang SS J Clin
Case-control study
All malignancies: 346
All NHL: 35/321 (11%) B-cell
Healthy Taiwanese subjects
15/824 (1.8%)
Pathol 2010
Period: January 2004 -HL: 25 (3HCV+) -B-NHL: 321
NHL: 34/266 (12.8%) (3/38
-December 2008
(DLBCL, FC CLL, MZL, BL,
with HBV coinfection)
others) -T- or NK/T-cell NHL:
55
NHL classification: World
Health Organization
classification
Cocco P Int J
Case-control study All malignancies (277): -HL: 13 (1) All B cell- NHL: 20/237 Randomly selected controls from
9/217 (4.1%)
Hematol 2008
Period: -February
-NHL: 264 (DLBCL, FC CLL,
(8.4%)
population registrars
1999 - October 2002 MZL, MM, T-cell NHL, others) (2) NHLs (excluding CLL and
- January 2002 - July
NHL classification: World
MM): 15/177 (8.5%)
2003
Health Organization
classification

Cavanna L
Haematologica
1995

Bronowicki JP
Hepatology
2003

Association between HCV infection and
NHLs

The incidence of HCV infection among
lymphoma patients in Taiwan was
significantly higher than that for healthy
controls
Non-MALT (nodal and splenic) MZL was
the only group significantly associated
with HCV
Acute or chronic hepatitis C is associated
with a consistent risk increase in all
lymphoma subtypes, but follicular
lymphoma

12.8 (8.7-16.8)

(1) 8.4 (4.9-11.9)
(2) 8.5 (4.3-12.5)

High prevalence of anti-HCV
antibodies among patients with
lymphoprolipherative disorders as
compared with the control group of
healthy blood donors
Cirrhosis is an additional risk factor for
the development of lymphoproliferative
disorders in patients with chronic HCV
infection

This study confirms the rarity of PLL and
demonstrates an increased prevalence of
HCV infection

9.2 (3.1-15.2)

3.1 (2.2-4)

25.3 (18.3-32.3)

21.7 (7.5- 43.7)
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Case series with
control group
Period: December
1997 and March 1999
Case-control
Period: NR

Cucuianu A
Br J Haematol 1999
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All B-cell NHL: 68
NHL classification: Working
Formulation

B-cell NHL: 220
NHL classification: NR

B-cell NHLs: 100
NHL classification: Working
Formulation

20/68 (29.5%)

Total: 106/220 (48.1%)
(1) anti-HCV+/RNA- 12/220
(5.4%) (2) anti-HCV+/RNA+
94/220 (42.7%)

1/100 (1%)

All LPDs: 227 -B-cell LPds: 127 B-cell LPds: 22/127 (17.3%)
-HL 100
B-NHL 12/61(19.7%) MM
NHL classification: Revised
4/48 (8.3%) WM 4/9 44.4%)
European American Lymphoma
CLL 2/9 (22.2%)
(REAL) histological scheme
De Renzo A Euro J
Case series
All NHLs patients observed:
PHL: 4/6
Haematology 2008
Period: 1990-2005 550 Primary hepatic lymphomas
PSL: 13/19
(PHL): 6
Primary splenic Lymphomas
(PSL): 19 NHL classification:
World Health Organization
classification
De Rosa G
Case series with
All Lympho-prolipherative
B-cell NHL: 21/91 (23.1%)
Am J Hematol 1997
control group
Disorders (315): (1) No-B LPD:
Period: November
52 HD: 43 (1 HCV+) T-NHL: 9
1994 -November 1995 (2) B LPD: 272, including; NHLB-cell lymphoma, CLL, HCL,
MGUS, WMc, MM, ( 59 HCV+)
NHL classification: Working
Formulation
De Vita S Br J Cancer Case-control study
All malignancies 84 NHLs
20/84 (23.8%)
1998
Period: January
NHL classification: Working
1994-June 1997
Formulation

De Renzo A
Haematologica 2002

Cowgill KD Int J
Epidemiol 2004

Case series with
control group
Period: February 1997
and May 1997
Case-control study
Period: October 1999and January 2003

Collier JD Hepatology
1999

12907
Controls recruited at Aviano,
with cancers in: ovary: 13
uterus:14, colon-rectum:13,
pancreas:10, lung: 8, stomach: 6,
oesophagus: 4 other sites: 5 HCC:
27

Controls: 3/73
(4.1%)
HCC: 11/27
(40.7%)

(1) 1/43 (2.3%)
0/9 (2) 30/1568
(1.9%)

NR

NR

(1) Patients with Hodgkin
Lymphoma (2) Healthy blood
donors

-HL 2/100 (2%)
-Controls: 2/110
(1.8%)

Total: 80/222
(36%)
(1) anti-HCV+/
RNA-28/222
(12.6%) (2) antiHCV+/RNA+
52/222 (23.4%)
46/943 (4.9%)

1/100 (1%)

A group of occasional
blood donors from the same
geographical area, studied as
healthy controls

Non-hospitalized Romanian
individuals

In-Hospital patients with
nonhematologic malignancies,
treated at the Princess Margaret
Hospital
In-Hospital patients with
fractures, treated at the Kasr ElAini Orthopaedic Hospital,

Detection of high prevalence (29.5%)
of anti-HCV in patients with NHL,
especially in low-grade types

Strong association between chronic
HCV infection and risk of developing
NHL, persisting after adjustment in
multivariate models and after several
sensitivity analyses

No association between hepatitis C and
B-cell lymphoma

23.8 (15.2-34.3)

23.1 (14.4-33.7)

Detection of a higher than expected
prevalence of HCV infection in B-cell
NHL patients

Detection of a higher prevalence of
anti-HCV antibodies patients with
B-Lymphoprolipherative disorders, as
compared to the normal population
and to patients with a non-Blymphoprolipherative disorders

Detection, in Southern Italy, of a higher
prevalence of HCV infection in patients
suffering from B-LPD in comparison with
healthy subjects, particularly in patients
with B-cell-NHL, CLL and WMc
PHL 66.7
High prevalence of HCV infection
(22.3-95.7) PSL 68.4 among patients with rare haematologic
(43.5-87.4)
malignancies (PHL and PSL ), favourable
outcome of these subjects

19.7 (9.7-29.6)

9.1 (5.3-12.9)

48.2 (41.5-54.7)

1 (0-3)

Fiorino S et al . HCV and extra-hepatic cancers

December 7, 2015|Volume 21|Issue 45|

Nationwide cohort
of HCV-infected
persons
Cancer Registry used
to identify all incident
cancers diagnosed in
the cohort malignant
NHL
Period: 1990-2000
Case series
Period: 1991- 1995

All malignancies:
B-Cell NHLs: 16 in 27150
Patients with B-Cell NHLs, after
HCV positive patients
exclusion of patients with HIV included in the cohort, HCV
coinfection: 16 CLL: 4 MM:7
infection diagnosis made
ALL: 1 HL: 1
to the Swedish Institute for
NHL classification: NR
Infectious Disease Control
(SMI)

NR

B-cell NHLs: Low-grade B-cell
3/69 (4.3%) CLL: 1/14 CC:
NR
NHL: 55 High- low-grade B-cell: 0/4 CB: 1/14 CCBC: 1/19 IC
14
= 0/18
NHL classification: Kiel
Classification
El-Serag HB
Cohort study
Identification of LNHs cases by
421/34204 (1.23%)
34204 HCV positive patients and
Hepatology 2002
Period: 1992- 1999
means of ICD-9-CM diagnosis
136816 randomly selected patients
codes
without HCV (controls)
NHL classification: NR
Engels EA
Case-control study
All NHL subtypes: (1)
26/686 (3.8%)
Eligible cases and controls
Int J Cancer 2004
Period: July 1998-June 32/813 (3.9%) (2) Low-grade
sampled from individuals 20-74
2000
B-cell NHL 18/411 (4.4%) (3)
yr old, prospectively identified by
Intermediate-and high-grade
using Surveillance, Epidemiology
B-cell NHL 8/275 (2.9%) (4)
and End Results (SEER) program
T-cell NHL 2/50 (4.0%) (5)
of the National Cancer Institute
other/unknown 4/77 (5.2%)
(NCI)
NHL classification: Revised
European American Lymphoma
(REAL) histological scheme
Ferri C Br J Haematol
Case series with
B-cell NHL: 50
B-cell NHL: 17/50 (34%)
(1) Patients with Hodgkin
1994
control group
NHL classification: Working
Lymphoma (2) Healthy subjects
Period: NR
Formulation
(3) anti-HCV negative patients
with type B or delta chronic active
hepatitis
Franceschi S Cancer
Nested case-control
All lymphomas: 1023 cases
B-cell NHLs: 628/1023
Lymphoid tissue Malignancies
Epidemiol Biomarkers
study
NHL: 739 MM: 238 HL: 46
(61.4%)
classified according to the second
Prev 2011
Period: standardized HCV positive: 12/1023 (1.17%)
Number of HCV positive
revision of the International
lifestyle and personal
NHL classification: World
patients in B-NHLs not
Classification of Diseases for
history questionnaires
Health Organization
reported
Oncology (ICD-O-2) and to the
collected between
classification
9/730 HCV positive patients WHO Classification of Tumours
1991 and 2000. Vital
in all NHLs
of Haematopoietic and Lymphoid
status followed up to
14/1454 HCV positive in
Tissues, Third Edition
2004 and 2006
controls
HL: 2/46 (4.3%) MM: 1/238
(0.4%)

Ellenrieder VJ
Hepatol 1998

Duberg AS
Hepatology 2005
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3.8 (2.3-5.2)

14/684 (2.1%)

12908

61.4 (58.4-64.3)

34 (20.8-47.1)

1.23 (1.1-1.3)

1669/136816
(1.22%)

1/30 (3%) 30 15
HCV prevalence
in in the healthy
Italian population:
1.3%
18/2028 controls
(0.9%)

4.3 (0.9-12.2)

0.06 (0.04-0.1)

NR

NR

Presence of HCV infection in a
substantial number of unselected NHL
patients, particularly in comparison with
HCV prevalence in control groups and in
healthy Italian population
The present study neither weakened
nor strengthened the evidence of an
association between HCV and NHL or
other lymphoid tissue malignancies

Detection of an association between HCV
infection and NHL in the United States.
HCV infection may be a cause of NHL

Significant high association between
HCV infection and NHL, after adjustment
for age

No aetiological role of HCV in the
development of NHL in German

A significantly increased risk of NHL
and MM observed in this study, although
an underestimation of the risk may have
been caused by the delayed diagnosis of
HCV
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12909

Goldman L Cancer
Causes Control 2009

NR

Hematologic malignancies
different from B-cell NHL (HD)

(1) 2/105 (1.9%) (2) 0/14

B-NHL: 4/201 (2%)

All acute leukemias: 27/430
Controls recruited in the region
(6.3%): AML: 15/172 (8.7%)
of the three hospitals (Rome,
ALL: 5/67 (7.5%) CML: 2/125 Bologna, Pavia) during the study
(1.6%) RAEB: 5/66 (7.6%) period among outpatients without
hematobogical malignancies who
were seen in the same hospitals at
which cases had been identified

1/94 (1.1%)

NR

44/857 (5.1%)

HCV- positive cohort: 146394
Inpatients records from more
HCV- negative
patients
than 150 United States Veterans
cohort: 572293
During follow-up, 813 patients
Affairs (VA) hospitals in the
patients.
in HCV-infected cohort (0.5%)
Patients’ treatment file and
During follow-up,
had a HIV diagnosis NHL: outpatients records from any VA 35696 uninfected
319 HL: 65 MM: 95 CCL:69
facility in the Output Clinic File
HCV patients
ALL: 27 WMc: 67 CML: 30
(6.2%) had a
recorded HCV
diagnosis and 1539
patients (0.3%)
a HIV diagnosis
NHL: 1040
HL: 295 MM: 431
CCL:343 ALL; 184
WMc: 98
CML: 163
Case-control study
All lymphomas: 139/296
B-NHL: 131/272 (48.2%)
Cancer-free subjects, sampled
283/786 (37.4%)
Period: October 1999 (47% ) -T-NHL: 8/24 (34.8%)
from the Kasr El Aini Faculty of
-March 2004
-DLBCL:79/146 (54.9%) -MZL:
Medicine Orthopaedic Hospital in
14/24 (58.3%) -CLL: 24/58
Cairo
(41.4%) -FC: 9/23 (40.9%) -MCL:
5/16 (31.3%)
NHL classification: World
Health Organization
classification

Gentile G
Hospital-based caseAll acute leukemias: 430
Cancer Epidemiol
control study of risk Diagnosis performed by means
Biomarkers Prev 1996
factors for acute
of: French-American-British
leukemias
classification of bone marrow
Period: 1 November
aspirates for acute leukemias
1986 - 31 March 1990 and RAEB, whereas diagnosis
for CML was based on typical
dinical and cytogenetic
laboratory features
Genvresse I Ann
Case series
All lymphomas: 119
Hematol 2000
Period: 1995-2000
(1) B-NHLs: 105
(2) T-NHLs: 14
NHL classification:
REAL histological
scheme
Germanidis G Blood
Case series with
B-NHL: 201 HD: 94
1999
control group
NHL classification: Revised
Period: January 1994 European American Lymphoma
-July 1997
(REAL) histological scheme
Giordano TP JAMA
Cohort study
Identification of LNH cases by
2007
Period: 1997-2004
means of ICD-9-CM diagnosis
codes
NHL classification: NHL
(200, 202.0-202.2, 202.8), WMc
(273.0, 273.3), HL (201), MM
(203.0-203.1, 238.6), ALL (204.0),
CLL (204.1) AnLLs 205.0,
206.0), CML (205.1), other
leukemia (204.2, 204.8-204.9,
205.2, 205.8-205.9, 206.1-206.2,
206.8-206.9, 207.8, 208.0-208.2,
208.88.9), MGUS (273.1, 273.2)

48.2 (42.2-54.1)

0.2 (0.19-0.25)

2 (0-3.9)

1.9 (0-4.5)

6.3 (3.9-8.5)

HCV is a risk factor for diffuse large
B cell, marginal zone, and follicular
lymphomas in Egypt

An increased risk of: (1) non-Hodgkin
lymphoma overall (20%-30%),
(2) Waldenström macroglobulinemia, a
low-grade lymphoma (3-fold higher risk),
(3) cryoglobulinemia,
in subjects with HCV infection. An
etiological role for HCV, in causing
lymphoproliferation and non-Hodgkin
lymphoma, supported by these results

No existence of a significant relationship
between HCV infection and B-NHL in
France

Possible HCV involvement in NHLs
development via a continuous antigenic
stimulation, leading to a B-cell clonal
expansion

Association between acute leukemias,
RAEB, and CML Possible association
between hepatitis B virus, AML, RAEB,
and CML, but further confirmation
required
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Patients’data, obtained from
four institutional sources:
Tumor registry: to assess
patients’ demographic
characteristics Pharmacy
informatics: to evaluate
chemotherapy drugs and dates
administered. Patient accounts:
to identify study patients’
International Classification of
Diseases (ninth edition; ICD-9)
codes Laboratory informatics:
to determine HCV antibody
(anti-HCV) and ALT test dates
and results
Cohort study
NHLs: 187
Period: February 1992 B-cell NHLs: 156 T-cell NHL:31
-July 1992
NHL classification: World
Health Organization
classification

Case series with
NHLs: 119 High-grade NHLs:
control group
10 Intermediate-grade: 64 LowPeriod: December
grade: 45
1997-September 2001 NHL classification: Working
formulation

Isikdogan A Leuk
Lymphoma 2003

Imai Y
Hepatology 2002

Cohort-study Period:
January 2004 -April
2011

Hwang JP J Oncol
Pract 2014

All LPD: 394 B-NHL: 164 HD:
34 CLL: 107 MM: 54 WMc:12
NHL classification: NR

Prospective
controlled study
Period: June to
September 1998

Hausfater P
Am J Hematol 2001

All LPDs: 72. B-cell NHLs: 38
MM: 24 MGUS: 10
NHL classification: Working
Formulation
B-cell NHLs: 56 patients
NHL classification

All Lymphomas: 12/60 (20%)
MM: 5/60 B-NHL: 55/60
NHL classification: Working
Formulation

Case series with
control group
Period

Case series Period:
NR

Case-control study
Period: September
1999-October 2001

Harakati MS
Saudi Med J 2000

Hanley J Lancet 1996

Guida M Leukemia
2002
Control patients with nonhematological malignancies
recruited from the Surgery
Department the Oncology
Institute of Bari (Italy)
NR
NR

9/63 (14.2%)

12910
0/119

21/156 (13.5%)

Subjects admitted as outpatients
at Internal Medicine of Dicle
Univeristy, Diyarbakir, without
history of haematological
disordres, during the same period

Use of screening data of 197600
first-time voluntary blood donors
to the Osaka Red Cross Blood
Center

Expected
numbers of antiHCV-positive
patients with
NHL categorized
by gender and
phenotype
in general
population: 4.64
117

(1) Blood donors and general
(1) 3/104 (3%),
medical patients) (2) Other
(2) 2/41 (5%)
hematologic malignancies other
than B-cell NHL
B-NHL: 3/164 (1.8%)
(1) In-Hospital patients without (1) 3/694 (0.43%)
cancers (2) Nonmalignant
(2) 8/224 (3.6%)
hematological diseases (3)
(3) 9/425 (2.1%)
Hematological malignancies other
than B-cell NHL
141877 patients with cancer,
NR
NR
who were newly registered at
MD Anderson Cancer during
the study period. Patients
considered in the study: 16,
773. HCV screened subjects:
1628/16773 (9.7%) with
NHLs, 1400 patients with antiHCV test 42 NHLs antiHCVpositive (3%)

B-NHL: 12/56 (21.4%)

0/72

B-NHL: 12/55 (21.8%)

0 (0-3)

13.5 (8.1-18.8)

3 (2.1-3.9)

1.8 (0-3.8)

21.4 (10.6-32.7)

0 (0-4.9)

21.8 (10.9-32.7)

No relationship between HCV and NHLs
in the Southeastern Anatolia of Turkey

A significantly higher frequency of HCV
infection in B cell NHL in comparison
with that in birth cohort- and sexmatched blood donors; chronic HCV
infection may be associated with B-cell
NHL in Japan

Higher prevalence of Hepatitis C virus
infection in Saudi Arab patients with
B-cell non-Hodgkin’s lymphoma than in
the control groups
No increased prevalence of HCV
infection in patients admitted to the
Hematology department for B-NHL. No
major pathophysiologic role of HCV in
lymphoproliferative disorders in Paris
HCV screening rates were low, even
among patients with risk factors, and
the groups with the highest rates of
screening did not match the groups with
the highest rates of a positive test result

Moderate increase of prevalence of HCV
infection among patients with B cell
lymphoproliferative disorders in a very
homogeneous population of southern
Italy
No association between chronic HCV
infection and risk of NHLs development
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Case series
Period: NR

Case series
Period: January
1993-December 1996

Case series with
control group
Period: February
1992-December 1995
Case-control study
Period: NR

Izumi T Leukemia
1997

Karavattathayyil
SJ Am J Clin Pathol
2000

Kashyap A Ann
Intern Med 1998

King PD Clin Lab
Haematol 1998

Case series series
with control group
Period: June
1995-May 1997

Kim JH
Case-control study
Jpn J Cancer Res 2002 Period: January 1997
-December 1998

Kaya H Clin Lab
Haematol 2002

Case series
Period: 1992-1997

Hospital-based case
control Study
Period: 1995-2001

Izumi T Blood 1996

Iwata H
Haematologica 2004

All lymphomas: 93 patients.
NHLs: 73 patients HL: 20
patients
438 HCV positive patients
NHL classification: Working
Formulation

All NHLs: 70 patients
Low-grade NHLs: 22,
Intermediate- grade NHLs: 17
high-grade NHLs: 31
NHL classification: Working
Formulation
NHLs: 233 patients
214 patients with anti-HCV
positivity
NHL classification: Working
Formulation

All NHLs: 312
36 HCV positive patients
NHL classification: NR

All lymphomas: 83 patients,
B-cell NHLs: 54 Non-B-cell
NHLs: 20 HLs: 9
NHL classification: NR
B-cell LPDs: 50 patients B-cell
NHLs: 25 MM: 21 WMc: 4
NHL classification: NR
Patients with B-cell NHLs: 31
NHL classification: World
Health Organization
classification

All NHLs: 145, 140 with antiHCV test
NHL classification: World
Health Organization
classification

NR

1/73 (1.4%)

7/214 (3.3%)

1/70 (1.4%)

NHLs: 36/312 (11.5%)

Control groups comprised
(1) 7/426 (1.6%)
patients with (1) non(2) 12/439 (2.7%)
hematological malignancy
(control group 1) and subjects
with (2) non-malignant conditions
(control group 2) diagnosed
at Seoul National University
Hospital during the same period.
For each case, four controls
selected
Patients with HL admitted at
0/20
Department of Gastroenterology,
1/438 (0.22%)
University of Missouri Hospital
patients
developed NHL

(1) Healthy United States blood
donors (2) Black and Hispanic
patient population at City of
Hope National Medical Center
Healthy-subjects admitted at
Departments of Haematology,
Ataturk University, Erzurum

16 (4.5-36.1)

22.2 (11.2-33.3)

11.4 (6.1-16.7)

Association between HCv infection and
B-cell NHLs

Direct causal relationship between the
occurrence of PHSL and chronic HCV
infection

Significant association between HCV
infection, and malignant lymphoma by
multivariate analysis

1.4 (0-4)

3.3 (0.8-5.6)

No association between NHL and HCV
infection

No association between NHL and HCV
infection

Positive HCVPresence of HCV infection in a significant
RNA strands: 25.8 percentage of paraffin-embedded tissue
(10.4-41.2)
from B-cell NHLs
Negative HCV- patients, compared with control subjects;
RNA strands 19.4
detection of negative-strand RNA
(5.4-33.2)
suggests HCV replication in these tissues,
excluding the possibility of contamination
with viral RNA or blood
(1) (0.4%)
11.5 (8-15.1)
Prevalence of HCV positivity is still
(2) approximately
much higher than expected, even after
25%
adjustment for differences in patient
demographic characteristics
1/70 (1.4%)
1.4 (0-4.2)
No aetiologic role of HCV in NHL
development

0/32

NR

Randomly selected controls
(1) 9//286 (3.1%)
from patients admitted to the (1)
(2) 20/282 (7%)
orthopedics (290 patients, 286
with anti-HCV markers) or (2)
ear, nose and throat (284 patients,
282 with anti-HCV markers)
departments of the hospital
NR
NR

Positive HCV-RNA strands:
(1) T-cell NHLs: 2 cases (2) HL:
8/31 (25.8%)
2 cases (3) Patients with lymph
Negative HCV-RNA strands: nodes removed for reasons other
6/31 (19.4%)
than lymphoma: 28

4/25 (16%)

B-cell NHLs: 12/54 (22.2%)
Non-B-cell NHLs: 0/20 HLs:
0/9

16/140 (11.4%)
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Multicenter casestudy with control
group
Period: 1998-2001

Case-series with
control group
Period: NR

Mazzaro C Br J
Haematol 1996

Mele A Blood 2003

Case-series
Period: January
1991-April 1996

Markovic HepatoGastroenterology
1999

Case series Period:
NR

Case series
Period: January
1989-August 1993

Luppi M Ann Oncol
1998

McColl MD
Leuk Lymphoma 1997

Case-control Study
Period:January
1990-March 1998

Case series with
control group
Period: October
1993-March1994

Kuniyoshi M J
Gastroenterol Hepatol
2001

Kocabaş E Eur J
Epidemiol 1997
8/137 children were anti
HCV positive, 129 patients
were anti- HCV negative,
but 7/129 were HCV-RNA
positive
B-cell NHLs: 15/348 (4.3%)

Children admitted, at Balcah
Hospital, Adana, during the same
period with diseases other than
malignancies

NR

Patients recruited n other
departments of the same
Hospitals: the departments of
dentistry, dermatology, general
surgery, gynecology, internal
medicine, ophthalmology,
orthopedics, otorhinolaryngology
and traumatology

57/199 (28.6%)
(1) Patients with other
Low-grade NHLs: 40/110
haematological malignancies,
(36.47%) Intermediate grade including HL (21 patients), CLL
NHLs: 6/48 (12.5%) High(41), myelodysplastic syndrome
grade: 9/39 (23.1%)
(72), plasma cell myeloma (19); (2)
general population of two towns
in the same geographical area
(Cormons and Campogalliano) in
the cohort study called Dyonisos
project
0/72
Patients with CLL, recruited
at two Hospital in the West of
Scotland

3/181 (1.6%)

B-Cell NHL: 72 patients Lowgrade: 41 Intermediate-grade:
23 High grade: 8
NHL classification: Working
Formulation
B-Cell NHL: 400 patients
70/400 (17.5%) Aggressive
NHL classification: REAL/
B-NHL: 43/230 (18.7%)
World Health Organization
Indolent NHL:27/170 (15.9%)
classifications

All lymphomas: 305 patients
NHLs: 300 patients HL: 5
patients 181 patients with antiHCV test NHL classification:
NR
All lymphomas: 199 patients
Low-grade NHLs: 105 (52.7%)
Intermediate grade NHLs: 48
(24.1%) High-grade: 39 (19.6%)
MALT: 5 (2.5%) T-cell NHLs: 2
(1%)
NHL classification: Working
Formulation

NHLs 348 patients 20/348
1658234 blood donors,
(8.1%) HCV positive patients
representing general population
with NHLs
in the area (Fukuoka, Japan)
NHL classification: Working
Formulation
B-cell NHLs: 157 patients
35/157 (22.3%) HCV positive
NR
NHL classification: Revised
B-cell NHLs: LDBCL 8/35
European American Lymphoma (23%) FC: 14/35 (40%) LPL:
(REAL) histological scheme
2/35 (6%)
122/157 (67.7%) HCV
negative B-cell NHLs

137 Children with
malignancies: Acute leukemia:
48 Lymphoma: 51 Solid
tumours: 38 NHL classification:

22/396 (5.6%)

0/38

(1) 5/153 (3.1%)
(2) 199/6917
(2.9%)

NR

NR

11922/1658234
(0.72%)

1/45

17.5 (13.8-21.2)

0 (0-9.2)

28.6 (22.4-34.9)

1.7 (0-3.5)

22.3 (15.8-28.8)

4.3 (2.1-6.4)

5.8 (1.9-9.7)

Detection of an association between
HCV and B-NHL

Possible role of HCV infection in the
aetiology of certain subgroups of NHLs,
although this effect may be regional

Important role of HCV in the
development of low-grade non-Hodgkin’s
lymphomas

Association of HCV infection
with the malignant proliferation of
defined B-cell subsets other than the
immunoglobulin Mk B-cell subset
involved in the pathogenesis of mixed
cryoglobulinemia type II and associated
lymphoplasmacytoid lymphoma type
No association between HCV infection
and non-Hodgkin’s lymphomas, because
of low HCV prevalence in Slovenia

Involvement of HCV infection in the
development of a subgroup of NHL, in
males

HCV infection is common among
Turkish children with different types of
cancer
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Nicolosi Guidicelli S
Hematol Oncol 2012

Musto P Blood
1996

Musolino C
Haematologica 1996

Morton LM Cancer
Epidemiol Biomarkers
Prev 2004

Case-control study
Period: July 2001 to
March 2002

Case series with
control group
Period: NR

Populationbased case-control
study of women in
Connecticut
The Yale
Comprehensive
Cancer Center’s
Rapid Case
Ascertainment
Shared Resource
(RCA), a part of the
Connecticut Tumor
Registry (CTR), a
population-based
tumor registry
Period: 1995-2001
Case series
Period: NR

Case series with
control group
Period: January
1993-December 1998

All lymphomas: 137
NHL classification: World
Health Organization’s
classification

All-NHLs:24
HCV positive: 2 patients
HCV-RNA positive: 5 patients
NHL classification: Working
Formulation
B-LPDs
B-NHL: 150 HCL: 9 CLL: 41
MM: 90 WMc:13 MGUS: 47
NHL classification: NR

All lymphomas: B cell 362 T
cell 34 Others: 60
NHL classification:
World Health Organization
classification
Incident cases of NHL
identified by means of (ICD)-O:
M-9590-9595, 9670-9687,
9690-9698, 9700-9723

Patients with LPDs: 161,
subdivided into 2 groups: (1)
patients with B-cell LPDs,
including B-cell-NHLs: 100
MM: 17 CLL: 4 (2) patients with
non B-cell LPDs: 38
NHL classification: Working
Formulation
Montella M Leuk Res Case-control study
-B-cell-NHLs: 101 -HL: 63
2001
Period: January 1997
-T-cell NHLs: 10 -MM: 41
and December 1999
NHL classification: Working
Formulation/REAL

Mizorogi F
Intern Med 2000

6/137 (4.4%)

B-NHLs: 40/150 (26.7%)
HCL:1/9 (11.1%) CLL: 8/41
(19.5%) MM: 10/90 (11.1%)
WMc: 3/13 (23%) MGUS:
6/47 (12.8%)

5/24 HCV-RNA positive/
NHLs

B cell 7/362 (1.9%)
T cell 0/4
Others 1/60 (1.6%)
Total: 8/464 (2%)

25/101 (24.8%)

B-cell NHLs: 17/100 (17%)

nonB-cell LPDs:
0/25
34/516 (6.6%)

Patients observed in Hospital
Clinic, Barcelona and San
Giovanni Hospital, Bellinzona,
(ideally in traumatology and
orthopaedic divisions

Patients hospitalized for acute
trauma

NR

7/125 (5.6%)

25/466 (5.4%)

NR

Controls: patients with no history -Controls: 17/226
of malignant tumor, admitted to
(8%) -HL: 6/63
the National Cancer Institute and
(10%) -T-cell
Cardarelli Hospital of Naples, in NHLs: 3/10 (30%)
the same period
-MM: 13/41 (32%)
A population-based control
5/534 (1%)
group of female residents
of Connecticut, aged 21-84,
assembled using two methods:Random digit dialing used to
contact women less than 65 yr of
age,-random selection from the
files of the Centers for Medicare
and Medicaid Services for women
aged 65 yr and older

Subjects with miscellaneous
diseases other than liver diseases
or LPDs, used as controls

4.4 ( 0.9-7.8)

26.7 (19.6-33.7)

20.8 (7.1-42.2)

1.9 (0.5-3.3)

24.8 (16.3-33.1)

17 (9.6-24.3)

Existence of marked geographic
differences in the prevalence of HCV
in NHL but no significant evidence for
an association between HCV and B-cell
NHLs

A significantly higher prevalence of antiHCV in patients with B-NHLs than in
controls and independent of age

Possible HCV involvement in NHL
development

Indirect HCV involvement in the
development of B-NHL, this risk varying
by B-NHL subtype among women

Detection of a significant association
between HCV infection and B-cell NHLs
in the extranodal localization, and also
indicate an association for the nodal seat

Higher prevalence of HCV infection
in patients with B-cell NHL than in
those with non-B-cell NHL and the
control group, frequent primary liver
involvement and liver-related causes of
death in HCV-positive patients with B-cell
NHL
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Case series with
control group
Period: NR

Okan V Int J Hematol
2008

12914

Panovska I Br J
Haematol 2000

Case-series with
control group
Period: NR

Cohort-study
Period:1991-2006
Patients and subjects
with HCV infection
identified by means
of: -Danish HCV
cohort (DANVIR).
-Civil registration
system (CRS)-Danish
cancer registry (DCR).
-Danish national
patient registry
(DNPR)

Cohort-study
Period: 1957-1997

Ohsawa M
Int J Cancer
1999

Omland LH
Int J Cancer
2012

Case-control sudy
Period: 1991-1997

European
Multicenter CaseControl Study
Period: 1998-2004

Ogino H
Hepatol Res
1999

Nieters A
Gastroenterology
2006

10 digit civil registration
number assigned to all
individuals in Denmark
Analysis of the association
between HCV and risk of NHL
(ICD-10 codes: C82.0-85.9 and
C96)
NHL classification: Cancers
classified according to the
"International Classification of
Diseases" 7th revision (ICD-7)
for the period 1943-1977 and
the 10th revision (ICD-10) for the
period 1978-2006
B-cell-NHLs: 112
NHL classification: REAL
histological scheme

Patients with HCV chronic
infection, included in the
present study: 2162
NHL classification: World
Health Organization’s
classification
All Lymphomas: 334
NHL classification: World
Health Organization’s
classification

All LPDs: 43 patients
NHLs: 33 ALL: 10
NHL classification: Working
Formulation

Total Lymphomas: 1807
NHL classification: World
Health Organization’s
classification

1/112 (0.9%)

9/334 (2.7%) MM: 1/67 (3.1%)
CLL: 2/78 (2.5%) DLBCL:
4/67(6%) Follicular 0/9
Mantle: 1/11 (9%) Other: 0/26
T-cell lymphoid tumors: 1/16
(6.2%) HL: 0/60
-11975 anti- HCV-positive
patients
LNH cases detected: 12
12/11975: 0.1%

9/802 (1.1%)

NR

2/45 (4.4%)

41/1788 (2.3%)

Patients with other B-cell
malignancies HL: 38 CLL:
43, ALL: 9 MM: 26 WMc: 1
Prevalence of HCV carriers in
Republic of Macedonia within
the general population is equal to
2.0%

1/137 (0.72%)

Comparison cohort, which
-71850 anti- HCVconsisted of 6 age- and genderpositive patients
matched individuals (without a
LNH cases
HCV diagnosis) from the general
detected: 24
population randomly selected
from the CRS, on the day HCVinfection was diagnosed in the
corresponding DANVIR cohort
member

Controls recruited, using records
from the University blood center
in Gaziantep

Controls drawn randomly from
population registers of the study
regions in Germany and Italy. In
the remaining countries, controls
recruited from the same hospital
as cases
4/33 (12.1%)
(1) 45 patients, undergoing
colonscopy from July 1995 to June
1996 (2) 10599 healthy subjects,
receiving a general medical checkup in Toyama prefecture from
April 1996 to March 1997
Patients developing B-cell
Expected number of cases of
NHLs: 4/2162 During followNHLs in the sex-, age- and
up
calendar year-matched general
population: 1.90

53/1807 (2.9%)

0.9 (0-2.6)

0.1 (0.04-0.15)

2.7 (0.9-4.4) 6
(0.3-11.6)

0.2 (0-0.3)

12.1 (3.4-28.2)

2.9 (2.1-3.7)

Low prevalence of HCV infection in
patients with B-cell NHL from Macedonia
and a lack of association between the two
disorders

Higher HCV- seropositivity rate in
patients with DLBCL in comparison with
controls. No significant differences in the
prevalence of HCV seroposity between
patients with lymphoproliferative
disorders and controls
Possible increased risk of NHLs in
patients with chronic HCV infection

Chronic HCV infection moderately
associated with increased risk of NHL

High prevalence of HCV infection in
patients with NHL in Toyama prefecture
in Japan

Positive association between HCV
infection and B-cell lymphoma and a role
of viral replication in lymphomagenesis
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Period: January 1998December 2001
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All Lymphomas: 204 NHLs:
126 HL: 78
28HCV positive lymphomas
NHL classification: Working
Formulation
Patients with B-cell NHLs: 300
NHL classification: Working
Formulation (WF) and REAL
histological scheme
48/300 (16%)

26/126 (20.6%)

Patients with LPDs: 167
7/47 (14.9%)
patients (30 HCV positive) HL:
30 NHLs: 47 CLL: 29 MM: 18
MGUS: 31 WMc: 12
NHL classification: NR
Pozzato G Blood
Case series
31 patients with MC. 12
10/12 patients with low1994
Period: NR
patients/31 with low-grade
grade NHLs were anti-HCV
NHLs
positive
26/31 HCV positive
NHL classification: Working
Formulation
Prati D Br J Haematol
Case series
Primary cutaneous B-cell NHL.
1/34 (2.9%)
1999
Period: January 1989 NHL classification: European
-August 1998
Organisation for Research and
Therapy of Cancer (EORTC)

Case-series with
control group
Period: NR

Case-control study
Period:
01/01/96-30/06/97

Pioltelli P
Am J Hematol 2000

Pivetti S Br J
Haematol 1996

Case-series with
control groups
Period: January-June
1995

Pioltelli P
Lancet
1996

235 patients with NHLs, B-cell 5/235 (2.1%) No information
subtypes: 168 T-cell subtypes: about number of patients with
57 not identified subtypes: 10
HCV infection and B-NHL
NHL classification: NR
cases
Paydas S Br J Cancer
Case series
LPDs: 228 patients NHL: 98
NHL: 9/98 (9.2%) CLL: 4/38
1999
Period: NR
CLL: 38 MM: 47 HD: 36 ALL: 9
(10.5%) MM: 5/47 (10.6%)
NHL classification: NR
HD: 7/36 (19.4%) ALL: 1/9
(11.1%)
Pellicelli World J
Case-series
125 patients with B-cell NHLs
24/125 (19.2%)
Gastroenterology
Period: January 2008
NHL classification: World
2011
-January 2009
Health Organization’s
classification

Park SC J Med Virol
2008

NR

NR

12915
NR

NR

NR

NR

Individuals consecutively
(1) 51/600
recruited during routine
(2) 15/247
visits at medicine, surgery, or
(3) 6/122
traumatology departments during
the recruitment period of the
study population (1) Patients with
internal and surgical diseases
(2) Patients with solid neoplasm
(3) Patients with autoimmune
disorders
(1) Patients with connective
(1) 26/100 (26%)
tissue diseases (2) Patients with (2) 12/33 (36.4%)
idiopathic thrombocytopenic
purpura

(1) 2/78 (2) 9/832
(3) 9/94

NR

NR

(1) HL (2) candidated blood
donors (3) elderly people

7/235 (3%)

Patients with advanced gastric
cancer diagnosed at the Korea
Cancer Center Hospital

2.9 (0-8.6)

83.3 (51.6-97.9)

14.9 (4.7-25)

16 (11.8-20.1)

20.6 (13.5-27.7)

19.2 (12.3-26.1)

9.2 (3.4-14.9)

2.1 (0.3-3.9)

Primary cutaneous B-cell NHL might
represent a distinctive group among B-cell
NHLs

HCV associated with a high prevalence
of low-grade non-Hodgkin's lymphomas

The prevalence of HCV infection is
higher in patients with NHLs than in nonneoplastic people and in patients with
non-lymphoproliferative malignancies or
receiving immunosuppressive treatment,
but the small difference among these
groups, the identical genotype pattern
between NHL and controls do not
support the hypothesis that HCV plays a
role in lymphomagenesis
HCV may link lymphoid malignancies
and autoimmune diseases by skewing the
activity of the immune system toward the
production of autoAbs

HCV genotypes and duration of HCV
infection differed between B-NHL
subtypes. Indolent lymphomas can
be managed with antiviral treatment,
while DLBCL is not affected by the HCV
infection
High prevalence of HCV infection in
NHLs, in the absence of an increased risk
for HCV infection and of a clinical history
of MC

HCV infection as a causative
and/or contributing factor in
lymphoproliferation in this study

No association between HCV infection
and non-Hodgkin’s lymphoma
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Sansonno D Blood
1996

Salem Z Eur J
Epidemiol 2003

Salem AK Gulf J
Oncol 2009

Ramos-Casals M J
Rheumatol 2004

Rabkin CS Blood
2002

Case series
Period: January 1991
to December 1995

12 HCV-positive patients
with MC and 2 HCV-positive
patients with reactive lymphoadenopaties
NHL classification: Working
Formulation

Cohort study
All LPDs: 95
Period: June 1959 and B-cell NHL: 57 MM: 24 HL: 14.
September 1966
NHL classification: Tumors
classified according to the
International Classification of
Diseases for Oncology, second
edition, as NHL (histologic
classifications 9590 through
9642 and 9670 through 9698),
multiple myeloma (9730
through 9732), or Hodgkin
disease (9650 through 9667)
Case series
NHL classification: World
Period: 1994-2000
Health Organization’s
classification
Case series with
All NHLs: 192 patients NHL
control-group Period:
classification: NR
January 2005-January
2007
Case-series with
B-cell NHL: 35 patients.
control group
NHL classification: NR
Period: NR

3/12 (25%)

0/35

29/192 (15.1%)

6/98

4/95 (4.2%)
0/95 at RIBA
0/95 at HCV-RNA

NR

Patients checked for HCV
814/20329 (4%)
infection with several acute
medical conditions and coming
from different parts of the country
(1) Patients with different
(1) 0/63 (2) 0/220
malignancies (malignant
myeloproliferative disorders: 12,
malignant lymphoproliferative
disorders: 28, non haematological
cancers: 23 patients) (2) Healthy
blood donors and patients
without malignant conditions,
attending General Medicine of
American university, Beirut
NR
NR

NR

Study subjects (48 420
1/48.420 at ELISA
individuals) recruited from the
0/48420 at RIBA
Child Health and Development
Study (CHDS) cohort established
in 1959 at the Kaiser Foundation
Health Plan, Oakland, CA

25 (0.5-49.5)

0 (0 -10)

15.1 (10-20.1)

6.1 (1.3-10.8)

4.2 (0.1-8.2)

These data emphasize that lymphoid
organs may be a site of HCV infection.
The demonstration of HCV-related
proteins in a nonmalignant condition,
namely HRL, indicates that HCV
infection precedes the neoplastic
transformation and possibly plays a
major role in lymphomagenesis in MC

No association between HCV infection
and B-cell NHLs development in
Lebanese patients

Description concerning a triple
association of HCV infection,
autoimmune diseases and NHLs
Higher prevalence of HCV infection
among Yemeni patients with NHL than
among persons in the control group

Not substantial role of chronic HCV
infection in the etiology of B-cell
neoplasia
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Nation-wide Danish- All lymphomas: 2819 NHLs: HCV positive NHLs: 57 (2.4%) Controls randomly sampled from
Swedish case-control
2353 HL: 466
HL: 6 (1%) at III G ELISA
the entire Danish and Swedish
study (Scandinavian
NHL classification: World
test,only
populations using continuously
Lymphoma Etiology
Health Organization’s
NHLs: 7/2353 (0.7%) HL: 0
updated, computerized
study, SCALE)
classification
positive at ELISA test and
population registers
Period:
positive or intermediate
The SCALE study
at RIBA test for anti-HCV
population includes
antibodies
the entire Danish
population between
June 1, 2000 - August
30, 2002, and the
Swedish population
between October 1,
1999-April 15, 2002
Seve P
Cross-sectional study
B-NHL:212 patients
(1) 6/212 (2.8%)
Transfusion patients from
Eur J Gastroenterol
Period: January
BL 6 DLBCL 109 FC 31 LL 7
(2) MALT 3/17
surgical emergency, internal
Hepatol 2004
1997-December 1998 LPL 5 MALT 17 MCL 21 MZL16
medicine pneumology,
NHL classification: Revised
endocrinology, gastroeterology,
European American Lymphoma
nephrology, oncology,
(REAL) classification
general surgery, orthopaedics,
rheumatology, obstetrics and
gynaecology, and intensive care
wards
Shariff S Ann Oncol
Case series with
patients with B-cell NHL
2/88 (2.3)
(1) patients with a T-cell NHL (2)
1999
control group Period: NHL classification: Working
second control group, including
1996 and part of 1997 Formulation/Revised European
health-care workers, recruited
American Lymphoma (REAL)
between 1995 and 1997
classification
Shirin H Isr Med
Case control group
B-NHL
Total: 212 patients
(1) Patients with
Assoc J 2002
Period: May 1997
(DLCL FC CLL)
Lymphoproliferative
Myeloprolipherative and
-September 1999
NHL classification: Revised
disorders: 10/128 (7.8%)
myelodisplastic disorders:
European American Lymphoma
(2) Israeli blood donors
(REAL) classification
Silvestri F Bood 1996
Case series with
537 unsekected patients with
29/311 (9%)
NR
control group
LPDs B-cell NHLs: 311 T-cell
Period: NR
NHLs: 57 MM: 78 HL:88 ALL:
23
NHL classification: Kiel
classification/Revised
European American Lymphoma
(REAL) classification

Schöllkopf C Int J
Cancer 2008

WJG|www.wjgnet.com
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9 (6-12.5)

7.8 (3.1-12.4)

(1) 1/84 (1.1%) (2)
HCV prevalence
equal to 0.64%

T-cell NHLs: 2/57
(4%) MM: 3/78
(4%) HL:0/88
ALL: 1/23 (4%)

2.3 (0-5.3)

(1) 2.8 (0.6-5)
(2) 17.6 (3.8-43.4)

2.4 (1.8-3)

0/37 11/1085 (1%)

20/974 (2.05%)

21/1856 (1%)

High prevalence of HCV infection in
patients with B-cell NHL

Chronic HCV infection as a risk factor
for B-cell NHL in certain populations
or with certain genotypes of the virus,
no significant association in British
Columbia
Significant association between HCV
infection and diffuse large B cell
lymphoma

Possible association between HCV and
MALT lymphoma

Positive association between HCV and
risk of NHL, in particular of B-cell origin
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Swart A BMJ Open
2012

Spinelli JJ
Int J Cancer 2008

Sonmez M
Tumori 2007

Singer IO Leuk
Lymphoma 1997

Silvestri F
Haematologica 1997

B-cell NHLs
NHL classification: Revised
European American Lymphoma
(REAL) classification

42/470 (8.9%)
21/22 (95.4%) B cellNHLs patients with cryoglobulinemia
21/448 (4.6%) B cell-NHLs
patients without cryoglobulinemia
0/31

NR

NR

All Lymphomas: 50 unselected
No information about control
0/19
patients
groups
B-cell NHLs: 31 T-cell NHLs:
6 HL: 13 NHL classification:
Working Formulation
Case-control study
B-cell NHLs: 109 DLBCL: 71
3/109 (2.8%)
Patients selected from
28/551 (5.1%)
Period: 2002-2005
Small-cell LL: 38
Low grade: 1/38 (2.6%)
orthopedics, general surgery,
NHL classification: World
High grade: 2/71 (2.9%)
urology, ophthalmology,
Health Organization’s
otorhino-laryngology clinics with
classification
irrelevant diseases
Population-based
All-NHL cases:795, from the
NHLs: 19/795 (2.4%) B-cell Controls selected from the Client
5/697 (0.7%)
case-control study
Greater Vancouver Regional
NHLs:18/717 (2.5%) T-cell
Registry of the BC Ministry of
Period: March 2000 District (GVRD) and the Capital
NHLs: 1/78
Health
and February 2004
Regional District (CRD),
including the city of Victoria,
enrolled from the BC Cancer
Registry
NHL classification: World
Health Organizations
classification
Cohort-study
Individuals registered on
Patients considered in the
Calculation of expected number Expected number
Period: 1 January
the Pharmaceutical Drugs of
study: 29613 Subjects with
of incident LNHs
of LNH: 49.6
1993-31 December
Addiction System, a record of
HCV infection alone: 14892
2007
all NSW Health Department
Observed number of LNH in
authorities that administer
HCV-positive cohort: 75
methadone or buprenorphine
to opioid-dependent people as
opioid substitution therapy.
Solid cancers classified
according to the International
Classification of Diseases (ICD),
10th revision, haematopoietic
neoplasms and Kaposi sarcomas
classified according to the ICD
for Oncology, 3rd edition

Case-series with
control group
Period: NR

Case series
Period: NR

0.5 (0.4-0.6)

2.4 (1.3-3.4)

2.8 (0-5)

0 (0-11.2)

8.9 (6.3-11.5)

Association between HCV infection and
LNHs

HCV infection contributes to increase
NHL risk

No difference in the incidence of HCV
infection between NHL- and controlgroup

No evidence supporting an association
between HCV infection and LNH
development

Close association between HCV infection
and B-cell NHLs
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Case series with
control group
Period: NR

Case series
Period: January 1996
to September 200
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(1) Other haematological
malignancies
(2) Blood donors

NR

12919
Patients with various
haematological disorders (MM,
HL, acute myeloblastic leukaemia,
acute lymphoblastic leukaemia,
chronic myelogenous leucemia,
idiopathic thrombocytopenic
purpura, myelodysplastic
syndrome)

NR

B-cell-NHLs: 0/99 T cell
NHLs: 0/15

Anti HCV positive: 0/48
HCV-RNA positive: 3/35
(8.6%)

NR

14/155 (9%) 1/155 with
HBV/HCV co-infection

44/225 HCV positive patients Patients with a wide spectrum
40/225 (17.8%) patients with of acute conditions admitted at
B-cell NHLs (1) Low-grade National Cancer Institute, Aviano;
B-cell: 24 (2) Intermediatethe “Santa Maria degli Angeli”
and high-grade B-cell: 16 (3)
General Hospital, Pordenone;
T-cell: 2 (4) Unknown:2
the “Pascale” National Cancer
Institute, Naples and 4 general
hospitals, Naples

B-cell NHL 45/400 (11.3%)
Primary Effusion Lymph:
3/6 (50%) BL: 1/7 (14.3%)
DLCL:28/161 (17.4%) FL:
3/47 (6.4%) MALTOMA: 5/52
(9.6%) MM: 4/81 (4.9%) CLL,
SMZL, Mantle cell Lymp: 0

All haematological
37/601 patients were antimalignancies: 601 NHL: 218
HCV positive NHL: 22/218
DLBCL: 110 FCL: 100 MCL: 3
(10.1%) DLBCL: 13/110
PTCL: 5
(11.8%) FCL: 8/100 (8%) MCL:
Acute Leukemia: 246 AML: 193 1/3 (33%) PTCL:1/5 (20%)
ALL: 53
AML: 5/193 (2.6%) ALL: 2/53
Adult T-cell Leukaemia: 13
(1.8%) adult T-cell Leukaemia:
MM:124
0/13 MM: 8/124

All-Lymphomas: 537 (1) HL: 18
-B-NHL: 400 (DLBCL, FC CLL,
MALT, PCM, MCL, MZL, BL,
others) -T-cell NHL: 96 -NK/
T-cell NHL: 23
NHL classification: World
Health Organization’s
classification
Talamini R Int J
Case-control study
Total NHL: 225 cases
Cancer
Period: January 1999
44/225 HCV positive
2004
-July 2002
patients NHL classification:
International Classification
of Diseases for Oncology,
updated to include categories
in the Revised EuropeanAmerican Lymphoma (REAL)/
World Heath Organization
classification
Teng CJ Clinics 2011
Case series
MM: 155 patients 30 patients
Period: 2003-2008
with chronic hepatitis
MM diagnosis: International
Myeloma Working Group
Thalen DJ Br J
Case series
NHLs: 115 patients B-cell
Haematol 1997
Period: NR
NHLs: 99/115 (86%) T-cell
NHLs: 15 (13%) Unclassified:
1 (1%) NHL classification:
Working Formulation
Timuragaoğlu A
Case series with
NHLs: 48 patients
Haematologia 1999
control group
NHL classification: Working
Period: NR
Formulation

Takeshita M
Histopathology 2006

Takai S Eur J
Haematol 2005

0/28

NR

NR

45/504 (8.9%)

(1) HL: 1/18
(5.6%) T-cell NHL:
5/96 (5.2%) NKTcell Lymphomas:
2/23 (8.7%)
(2) 396/15567
(2.5%)

NR

8.6 (1.8-23.1)

0 (0-3.7)

9 (4.5-13.5)

17.8 (12.8-22.8)

NHLs: 10.1
(6.1-14.1) DLBCL:
11.8 (5.8-17.8) FCL:
8 (2.7-13.3) MCL:
33 (0-86.2) PTCL:20
(0-63)
AML: 2.6 (0.4-4.8)
ALL: 1.8 (0-8.9)
MM: 6.5 (2.2-10.8)
11.3 (8.1-14.3)

Association between HCV infection and
B-cell NHLs in the study

No association between HCV infection
and B-cell NHLs in the study

High prevalence of cytogenetic
abnormalities in patients with HCV
chronic hepatitis

HCV infection associated with an
increased NHL risk

HCV infection may play a role in
lymphomagenesis of splenic and gastric
DLBCL

High prevalence of HCV infection
in NHL Possible role of HCV in the
pathogenesis of NHs
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Case series with
control group
Period: NR
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Veneri D Am J
Hematol 2007

Varma S Hepatol Int
2011

B-NHLs: 57 patients
High-grade disease (DLBCL):
44 (77.2%) Intermediate-disease
(FC): 6 (10.5%) Low grade
disease: (small lymphocytic):
7 (12.3%) NHL classification:
World Health Organizations
classification

NR

Potential participants (both cases
and controls) received a letter
to inviting their participation in
research about the development
of NHL
Subjects without lymphoma
selected from:
(1) inpatients (175) (2) outpatients
(175) cared at Civil Hospital,
Piacenza, subdivided into 2
groups
Patients with non-hematological
conditions admitted to
Departments of Ophthalmology,
Otorhinolaryngology,
Dermatology, and Internal
Medicine in the Hematology
Clinic, Institute of Medical
Education and Research,
Chandigarh
NR

2/98 (2%)
1/32 (3.1%)

NHLs: 3/694 (0.4%)

65/175 (37.1%)

1/57 (1.7%)

NR

Patients with gastroduodenal
disease: 84 with duodenal ulcer
43 with gastric ulcer 38 with
dispepsia

NR

1/46 (2.2%)

Case series
947 patients with
55/947 patients were HCV
Period: January 1995 lymphoproliferative disorders:
positive
-December 2006
DLBCL: 361 MM: 139 B-cell
DLBCL: 27/361 (7.5%) MM:
MZL: 62 HL: 103 B-CLL: 186 FL.
1/139 (0.7%) B-cell MZL:
96
15/62 (24.2%) HL: 4/103
NHL classification: World
(3.9%) B-CLL: 4/186 (2.1%)
Health Organization’s
FL: 4/96 (4.2%)
classification

Case-control study
Period: NR

46 patients with gastric MALT:
High grade: 21 Low-grade 25
37/46 patients with Helicobacter
Pylori
NHL classification: NR
Tursi A
Case series
25 HCV positive patients with
Am J Gastroenterol
Period: NR
gastric MALT. -20/25 (80%)
2002
with grade 2-5/25 (20%) with
grade 3. 18/25 patients with
Helicobacter Pylori
NHL classification: World
Health Organization’s
classification
UdomsakdiCase series
All malignancies: 130
Auewarakul C
Period: NR
Intermediate- to high-grade
Blood
NHL: 98 Low-grade NHL 32
2000
patients
NHL classification: Working
Formulation
Vajdic CM Cancer
Population-based
Total Lymphomas:694 -B-cell
Epidemiol Biomarkers case-control study NHLs: 659 (95%) -T-cell NHLs:
Prev 2006
Period: January 2000
28 (4%) -Undetermined: 7
and August 2001
(1%) NHL classification:
World Health Organization’s
classification
Vallisa D Am J Med
Case-control study
B-cell-NHLs: 175 patients
1999
Period: 1990-1996
NHL classification: Working
Formulation/Revised European
American Lymphoma
clasification

Tkoub EM Blood
1998

NR

2/171 (1.2%)

(1) 17/175 (10%)
(2) 15/175 (9%)

2/694 (0.3%)

NR

NR

4/165 (2.4%)

No link between HCV infection and
gastric MALT in France

DLBCL:
7.5 (4.7-10.2)
B-cell MZL: 24.2
(13.5-34.8)

1.7 ( 0-5.1)

37.1 (30-44.3)

0.4 (0-0.9)

2.(0-4.8)

Confirmed association between a subset
of B-cell lymphomas and HCV infection

No significant association between HCV
infection and NHL in Northern India

No strong evidence for an association
between any infection and non-Hodgkin
lymphoma risk in immunocompetent
people, but increased risk between HCV
infection and non-Hodgkin lymphoma in
subjects with injecting drug use
Possible HCV role as an etiologic agent
in non-Hodgkin’s B-cell lymphoma

No association between HCV infection
and NHLs in this study from Thailand,
where HCV infection is highly prevalent

MALT grade 2: 80
HCV may colonize gastric MALT,
(59.3-93.2)
allowing the development of a grade of
MALT grade 3: 20 acquired MALT, this represents the first
(6.8-40.7)
step toward a MALT lymphoma

2.2 (0-6.3)
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Case series with
control group
Periood: NR

Case series
Period: 1988-2011

Case series Period:
1990 and 1995

Controlled, crosssectional study.
Period: October 1994
and May 1996

Yoshikawa M
J Clin Gastroenterol
1997

Yu SC Kaohsiung J
Med Sci 2013

Zucca E
Haematologica 2000

Zuckerman E Ann
Intern Med 1997

B-cell NHLs: 6/84 (7.1%)
HLs: 1/50 (2%)

1/92 (1.1%)

Healthy blood donors

NR

B-cell NHLs: 120 patients
NHL classification: Working
Formulation

B-cell NHLs 26/120 (22%)

(1) Patients with hematologic
malignancies other than B-cell
NHLs; (2) Patients without
hematologic malignancies,
attending the general medicine
clinic at LAC-USC and with:
systemic hypertension or ischemic
heart disease: 69 diabetes mellitus:
35 primary hypothyroidism: 10

All Lymphomas: 100
B-NHLs: 9/55 (16.4%)
Patients with any cancer in
B-NHLs: 55 T-NHLs: 10 HL: 5 MM:5/25 (20%) MGUS: 1/3
digestive organs except liver
MM: 25 B-CLL: 2 MGUS: 3
(33.3%)
enrolled at Nara Medical
NHL classification: Working
University
Formulation
All lymphomas: 74 patients:
Patients with B-cell-NHL
NR
-B-cell lymphomas: 69 -T-cell
and with serology for HCV
lymphomas: 3 -Lymphoblastic
infection: 39
Lymphoma: 1 -Unspecified
Patients with B-cell-NHL and
high-grade lymphoma: 1
HCV positive 10/39 (25.6%)
41/74 patients with serology for
HCV infection
NHL classification: World
Health Organization’s
classification
B-cell NHLs: 180
17/180 (9.4%)
A survey of 5424 subjects new
Anti-Helicobacter antibodies
Gastric lymphoma: 2
blood donors from the same area
detected in 81/180 (45%)
Non gastric lymphoma: 15
tested between 1992 and 1997
patients.
(Swiss Red Cross Transfusional
NHL classification: REAL
Medicine Service for Canton
histological scheme
Ticino)

All Lymphomas: 92
NHLs: 73 HL 19 NHL
classification: Revised European
American Lymphoma
clasification
All Lymphomas: 134
B cell NHLs: 84 HLs: 50

268 patients
7/154 (4.5%)
(2) 6/114 (5%)

49/5424 (0.9%)

NR

1/25 (4%)

1/100 (1%)

NR

21.7 (14.3-29)

9.4 (5.1-13.7)

25.6 (11.9-39.3)

16.4 (6.5-26.1)

7.1 (1.6-12.6)

1.1 (0-3.2)

High prevalence of HCV infection
detected in NHL lymphoma patients
and associated with a shorter time to
lymphoma progression. HCV infection
not correlated with primary gastric
presentation or with MALT-type
histology
Increased prevalence of HCV infection
among patients from the United States
with B-cell lymphoma, but uncertain
generalizability to other populations,
because of high number of patients,
belonging to Hispanic ethnicity

High HCV sero-prevalence in patients
with early-stage DLBCL suggests a role
of HCV in the pathogenesis of primary
DLBCL

HCV may play a role in the development
of B-cell non-Hodgkin lymphoma, but
not in Hodgkin lymphoma
High rates of HCV infection detected in
B-NHL and MM

No significant association between HCV
and NHL in the study

ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; AnLLs: Acute non-lymphocitic leukemia; B-LPD: B-cell lymphoproliferative disorders; BL: Burkitt lymphoma; CC: Centrocitic; CB: Centroblastic; CBCC:
Centroblastic/centrocitic; CLL: Chronic lymphocytic leukemia; CML: Chronic myeloid leukemia; CMD: Chronic myeloprolipherative disease; DLBCL: Diffuse large B-Cell lymphoma; CLISA: Chemiluminescence immunoassay;
ELISA: Enzyme-linked immunosorbent assay; EIA: Enzyme–immunoassay; EMZBL: Extranodal marginal zone B-cell lymphoma; FC: Follicular lymphoma; FCL: Follicle center lymphoma; HCL: Hairy cell leukemia; HL:
Hodgkin lymphoma; IC: Immunocytoma; LAC-USC: Los Angeles County-University of Southern California; LL: Lymphocitic lymphoma; LPds: Lymphoproliferative diseases; LPD: Lymphoproliferative disorders; LPL:
Lymphoplasmocitoid lymphoma; MCL: Mantle Cell Lymphoma; MGUS: Monoclonal Gammopathy of uncertain significance; MEIA: Microparticle enzyme immunoassy; MCS: Mixed cryoglobulinemia syndrome; MGUS:
Monoclonal gammopathy of undetermined significance; MM: Multiple myeloma; MS: Myelodisplastic syndrome; MZL: Marginal zone lymphoma; PCM: Plasma cell myeloma; PHL: Primary hepatic non-Hodgkin’s lymphoma;
PLL: Primary Liver Lymphoma; PSL: Primary splenic non-Hodgkin’s lymphoma; PTCL: Peripheral T-cell lymphoma; RAEB: Refractory anemia with excess of blasts; SIR: Standardised incidence ratio; WMc: Waldenström’s
microglobulinemia; Y: Determined; N: Not determined; NR: Not reported.

Case series with
control group

Case series Period:
August 1996-June
1998,

Yenice N Turk J
Gastroenterol 2003

Yamac K Eur J
Epidemiol 2000
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Hospital-based
case-control
study
Period: January 1,
1995-July 31, 2000

Donato F Cancer
Causes and control
2001

El-Serag H
Hepatology 2009

Case series with
control group
Period: 2000-2004

Chantajitr S J
Hepatobiliary
Pancreat Surg
2006

Histologic confirmation

Histologic confirmation

Histologic confirmation

Histologic confirmation/CT/MRI/
ERCP/PTD

CCA diagnosis

6/24 (25%)

HCC-CCA = 25
15 patients with test for anti- HCV
2/15 (13.3%)

8/295 (2.7%)

440 patients with hilar
cholangiocarcinoma 238 anti-HCV
positive patients 238/440 (54%)

HCV positive colangiocarcinoma (n )/
total colangiocarcinoma cases (n )

NR

HCV positive controls
(n )/controls (n )

25 (7.7-42.3)

13.3 (1.6-40.5)

2.7 (0.8-4.5)

54.1 (49.4-58.7)

Percentage of
HCV-positive
cases with 95%CI

No significant
differences in presence
of hepatitis C virus
(HCV) antibody (13%
vs 3%) as etiologic risk
factor between HCCCC and HCC patients
HCV as possible
risk factor for ICC in
Western countries

Liver cirrhosis and
HCV may be risk
factors For hilar
cholangiocarcinoma in
Egypt
No significant
association between
CAA and HCV in
northeast Thailand,
with prevalence
of HCV infection
comparable among
CCA and general
population

Main conclusion

HCV-uninfected cohort: ICC: 0.01 (0-0.15) A more than twofold
572293 patients
ECC: 0.01 (0-0.15) elevated risk of ICC
ICC = 23 ECC = 60
in patients with HCV
infection, absence of an
association with ECC

50/824 (6%)

125/5825 (2.15%)
HCV-Ab prevalence in
Thailand ranging from
1.5% to 2.15%.
Sunanchaikarn S,
Theamboonlers A,
Chongsrisawat V et al
(2007). Seroepidemiology
and genotypes of hepatitis
C virus in Thailand. Asian
Pac J Allergy, 25, 175-182
Total patients: 75. 50 individuals,
HCC = 50 32 patients
diagnosed with HCC at Ramathibodi with test for anti- HCV
Hospital
1/32 (3.1%)

Total patients: 6120 Controls
randomly selected from people in 4
provinces in Thailand, representing
4 geographically distinct areas and
thus, populations in the North,
North-east, South and Center of the
country, respectively

NR

Total patients enrolled and control
source

Total individuals: 848. Subjects
unaffected by liver diseases or
malignant neoplasms, admitted to
the Department of Ophtalmology,
Dermatology, Urology, Surgery,
Cardiology, Internal Medicine in
the two main Hospitals in Brescia,
enrolled as controls
Cohort study
Identification of PAC cases by means HCV-infected cohort: 146394 patients
718687 patients (146394 HCVPeriod: October
of ICD-9-CM diagnosis codes (157.0,
ICC = 14 ECC = 15
infected cohort, 572293 HCV1, 1988, and
157.1, 157.2, 157.3, 157.8, 157.9)
uninfected cohort) , ICC: 37 and
September 30, Identification of HCV infected subjects
ECC: 75 (14 ICC and 15 ECC in HCV
2004
by means of ICD-9-CM diagnosis codes
infected patients, 23 ICC and 60 ECC
(070.41, 070.44, 070.51, 070.54 and
in HCV uninfected subjects)
V02.62)

Case series with
control group
Period: NR

Case series
Period: Januiary
1995-October
2004

Study design
study period

Barusrux S Asian
Pacific J Cancer
Prev 2012

(A)
Abdel Wahab M
2007

Author/Journal/
Publication year

Table 2 Characteristics of available studies, reported in English, assessing the association between hepatitis C virus infection and cholangiocarcinomas (A) or bile duct dysplasia (B)
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Case series with
control group
Period:
November 1994December 2003

Lee WS Surg
Today 2006

Histologic confirmation

Histologic confirmation

Total subjects:3110
2488 healthy controls selected from
192655 individuals undergoing
routine health examinations at the
health promotion center at Asan
Medical Center, Seoul
ICC = 3/79 (3.8%) HCC-CCA = 4/33
Total patients: 952, subjects,
(12.1%)
undergoing surgical resection at
Samsung Medical Center, because of:
HCC-CCA = 33 ICC = 79 HCC = 832

12/622 (1.9%)

21/160 (13.1%)

HCC = 61/832
(6.5%)

47/2488 (1.9%)

Total subjects: 699 Controls
52/333 (16%) with HCC
represented by patients with injuries
1/360 (0.3%) controls
or eye, ear, nose and throat conditions
admitted to three teaching Hospitals
in Athens
Individuals generally surveyed for
10/160 (6.3%)
any disease Chang Gung Memorial
Hospital at the Lin-Ko Medical
Center

Hospital-based
case-control
study
Period: 20002004

Histologic confirmation

0/6 with CCA

Lee TY Am J
Gastroenterol
2008

Lee CH Br J
Cancer 2009

Histologic confirmation

Case-control
study
Period: January
1995-December
1998
Case-control
study
Period: 1991-2005

31/50 (62%)

Kuper H Soz
Praventivmed
2001

Kobayashi M
Cancer 2000

Total patients: 50 Subjects admitted
to the Osaka City University Hospital
or the Osaka City General Hospital

PopulationHistologic confirmation or by means of 3/234 (2%) with gallbladder cancers
Total patients: 1696 Controls
2/301 (0.7%) patients
based caseERCP
2/134 (1.5%) with extrahepatic bile
represented by biliary stone case
with gallbladder stones,
control study
duct cancers 1/49 (2%) with Ampulla
patients and by healthy subjects
5/216 (2.3%) with bile
Period: June 1997
of Vater carcinomas
without a history of cancer, randomly duct stones and 15/762
- May 2001,
selected from all permanent residents (2%) healthy individuals
listed in the Shanghai Resident
Registry
Case series with
Cirrhosis confirmation by means of
14/600 (2.3%) developed CCA 11/14 600 HCV positive patients in follow- 206/600 (34.3%) patients
control group
liver biopsy, peritoneoscopy, or both patients with CCA 3/14 patients with
up between 1980 to 1997
developed HCC in the
Period: 1980-1997
CCA-HCC
same period

19/50 (38%)

Hsing AW Int J
Cancer 2008

Histologic confirmation

Case series with
control group
Period: January
1997 - December
2002

Hai S Dig Surg
2005

3.8 (0-8)

1.9 (0.8-3)

13.1 (7.9-18.3)

0 (0-45.9)

2.3 (1.1-3.5)

1.5 (0-3.5)

38 (24.5-51.4)

Significantly poorer
survival rates
of patients with
transitional type HCCCCA in comparison
with HCC after hepatic
resection

HCV-associated
ICC and HCC
shared common
disease process for
carcinogenesis and,
possibly, both arose
from the hepatic
progenitor cells
No significant
association between
ICC and HCV

HCV-related cirrhosis
as a major risk factor
for primary CCA in
Japanese patients
No HCV positivity in
CCA patients

Possibility to
detect a small ICC
or a hepatocellular
carcinoma by means of
a follow-up for patients
with chronic HCV
by imaging series at
regular intervals
Low prevalence of
HCV infection in
this population (2%),
therefore limited ability
to detect an association
with biliary diseases
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Qu Z Asia-Pacific
Journal of Clinical
Oncology 2012

Case series with
control group
Period: January
1990 - June 2001

Histologic confirmation of ECC

Histologic confirmation or typical
findings on ultrasound, CT-, MRIexamination
ECC: 305, 139 with test for anti- HCV
ECC: 6/139 (4.3%)

ICC = 33 patients undergoing
resection and 16 not resected
6/33 (18.1%)

2/11 (18.2%)

Histologic confirmation

Portolani N
Case series with
Annals of Surgical control group
Oncology 2008
Period: 1990-2006

8/55 (14.5%) (2 patients with HBV
coinfection), undergoing surgical
resection at Policlinico Gemelli, Rome

Histologic confirmation

CCA: 43/283 (15.2%)
No distinction between HCV and
number of ICC and ECC cases

145 patients undergoing surgical
resection because of ICC: 50 ECC: 95
(1) ECC: 7/95 (7.4%) (2) ICC: 10/50
(20%)

Nuzzo G Updates Case series with
Surg 2010
control group
Period: 19972008
Perumal V
Case series with
Human Pathology
control group
2006
Period: NR

Histologic confirmation

Histologic confirmation ERCP MRCP

Case series with
control group
Period: NR

MohammadCase series with
Alizadeh AH
control group
Asian Pac J
Period: 2004-2011
Cancer Prev 2012

Matsumoto K
Intern Med 2014

HCV-Ab prevalence
equal to 1.2% in the
Japanese individuals ≥ 20
yr of age

Total subjects: 353 Patients with
BBD with cholelithiasis or acute
cholangitis, undergoing surgical
intervention selected as controls at
Tianjin Nankai Hospital, Tianjin
Third Central Hospital, Tianjin
Medical University General Hospital
and The Second Hospital of Tianjin
Medical University hospitals in the
corresponding time period

10 liver specimens from anti-HCV
negative individuals and 13 liver
specimens from individuals who
were negative for HBV surface
antigen by serologic testing, used as
negative controls HCV RNA-positive
liver tissues from HCV positive cases
used as positive controls for HCV
RNA detection, at Johns Hopkins
Hospital, Baltimore
Total subjects: 51 Patients diagnosed
with ICC-HCC at the Surgical Clinic
of Brescia University, Italy

BBD:480, 214 with test
for anti-HCV
BBD:12/214 (5.6%)

ICC-HCC = 18 patients
undergoing resection
11/18 (61.1%)

Total subjects: 21

Total subjects: 566 Patients with the
Gallstones 72/283
primary or final diagnosis of CAA,
(25.4%),
admitted to gastroenterology ward of diabetes 70/283 (24.6%),
a tertiary academic center in TehranHBV infection 52/283
Iran
(18.3%),
primary sclerosing
cholangitis 16/283 (5.6%)
smoking 120/283 (42.3%)
Total subjects: 55
47/55 (76.5%)

General Japanese population
(individuals ≥ 20 yr of age)

4.3 (0.9-7.6)

18.1 (5-31.3)

18.2 (2.2-51.8)

14.5 (5.2-23.8)

15.2 (11-19.3)

(1) 7.4 (2.1-12.6)
(2) 20 (8.9-31)

HCV infection and
cirrhosis as a risk
condition for ICC and
combined HCC-ICC
No association
between chronic HCV
infection and ECC

Possible etiologic role
of HCV in some cases
of ICC

HCV infection as a
possible risk factor for
the development of
CCA. Surveillance of
ICC and ECC required
in HCV carriers
In current study
smoking, opiate and
alcohol use as the most
common risk factors in
CCA patients, chronic
hepatitis C infection
and cirrhosis represent
further risk factors
ICC associated with
chronic HCV infection
in 14.5% of patients
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Hospital-Based
Case-control
Study
Period: 1992-2002
Case-control
study
Period: August
1990-August 1993

Hospital-Based
Case-Control
Study
Period: 1993-1999

Case series with
control group
Period: July 1993
- June 1995
Srivatanakul P
Case-control
Asian Pacific J
study
Cancer Prev 2010
Period:
September 1999
-2001
Taguchi J J
Case series with
Gatroenterol
control group
Hepatol 1996
Period: January
1988-July 1995
Tanaka M J Viral
Cohort study
Hepat 2010
Period: 1991-1993

Songsivilai S
Trans R Soc Trop
Med Hyg 1996

Shin RH Int J
Epidemiol 1996

Shaib YH Am
J Gastroenterol
2007

Shaib YH
Gastroenterology
2005
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ICC cases identified by the ICD-10
code (C22.1). diagnosis of ICC was
based on histological examination
and/or combined clinical, radiological
(echography, CT and endoscopic
retrograde cholangio-pancreatography)
and laboratory findings

Histology, or typical findings on
ultrasound examination with an
elevated titre (≥ 40 units/mL) of
CA 19-9 and normal level of alphafetoprotein (AFP < 20 ng/mL)
Histologic confirmation

Histologic confirmation

Histologic confirmation or typical
findings on ultrasound, CT-, MRIexamination

Histologic confirmation

Histologic confirmation
HCV defined by using ICD-9 codes
for HCV (ICD-9 codes 070.41, 070.44,
070.51, 070.54, and V02.62) or for
unspecified hepatitis (ICD-9 codes
070.9, 571.4, 571.8, and 571.9)

ICC: 11 cases
1/11 (9.1%)

14/20 (70%)

154814 study subjects voluntary
blood donors

Total subjects: 367 HCC-CCA:
23/367, 20 patients with anti-HCV
markers

1927/154814 (1.2%)

6/20 (30%)

9.1 (0.2-41.3)

70 (49.9-90)

Data obtained from the National
Controls included in the study
90834 controls
0.8 (0.1-1.4)
Cancer Institute (NCI)’s Surveillance, derived from the 5% random sample
(1) HCV (including
Epidemiology and End Results
of Medicare-enrolled beneficiaries unspecified hepatitis): 940
program SEER-Medicare database,
with no cancer of any type residing
(1%)
linking SEER registry information with in the geographic regions of SEER
(3) HCV-specific codes:
Medicare claims data, it is a program
registries
161 (0.2%)
of the NCI to collect population-based
cancer incidence and survival data,
including population-based cancer
registries in 5 states and 6 metropolitan
areas ( about 14% of the United States
population). ICC cases: 625 (3) HCVspecific codes: 5/625 (0.8%)
(1) HCV (including unspecified
hepatitis):35/625 (5.6%)
246 patients undergoing surgical
Total patients: 482 Controls
2/236 (0.8%)
ICC:
resection because of ICC: 5/83 (6%)
randomly selected from an existing
6 (0.9-11.1)
ECC: 6/163 (3.7%)
database of healthy individuals at
ECC: 3.7 (0.8-6.5)
M.D. Anderson
41 patients with CCAs 203 patients
(1) Inpatients without liver
(3) 203 (4) 203
(1) 13.8 (1.2-26.3)
with HCC
disease, systemic disease, and
394/406 subjects with
(2) 13.3 (7.4-19.1)
(1) 29/41 patients with tests for
malignant disorders from the
tests for anti-HCV status.
antiHCV/HBV status. 4/29 (13.8%)
Departments of Ophthalmology or
23/394 (6.6%) HCV
HCV positive
Otorhinolaryngology (2) healthy
positive
(2) 128/203 patients with test for
people who had visited the NonantiHCV/HBV status 17/128 (13.3%)
Communicable Disease Control
HCV positive
Center All subjects were visited at the
Tnje University Pusan Paik Hospital
0/30
Total subjects: 110 Patients with
9/80 (11.2%)
0 (0-11.6)
HCC, undergoing surgical resection
at Siriraj Hospital, Mahidol
University, Bangkok
7/103 (6.8%)
Total subjects: 206 Community
0/103
hospitals in Nakhon Phanom
6.8 (1.9-11.6)
Province and Nakhon Phanom
Provincial Hospital
Possible role of
HCV infection in the
development of CCA
in northeast Thailand
HCC-CCA associated
with chronic HCV
infection in 70% of
patients
No association
between HCV infection
and ICC development

No association
between chronic HCV
infection and CCA

No association
between chronic HCV
infection and CCA

Chronic HCV infection
as possible risk factors
for ICC but not ECC

Chronic HCV infection
as possible risk factors
for ICC
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Wahab A M
Hepatogastroenterology 2007

Case series
Period: January
1995 - October
2004

Hospital casecontrol based
study
Period: January
1991 - December
2002
Yano Y Jpn J Clin
Case-control
Oncol 2003
study
Period: January
1978 - December
1998

Yamamoto S
Cancer Sci 2004

Total patients: 440238/440 (54.1%)

HCV alone: (1) HCC-CCA = 10/26
(38.5%) (2) CCA = 5/53 (9.4%)
HCV + HBV: 1/53 (2%)

Histologic confirmation

Histologic confirmation or typical
findings on CT, ERCP, MRI and PTD

18/50 (36%)

50 patients with ICC Anti-HCV
positive: 16/50 (32%) HBsAg+/AntiHCV positive: 1 (2%)

(1) CCA: Anti-HCV +: 4/13 (30.8%)
HBsAg+: 3/13 (23.1%) Anti-HCV-/
HBsAg-: 6/13 (46.1%)
(2) CCA-HCC: Anti-HCV +: 5/7
(71.4%)
HBsAg+: 1/7 (14.3%) Anti-HCV- /
HBsAg-: 1/7 (14.3%)
33/90 (36.7%)

Histologic confirmation

Histologic confirmation

Case-series
Period: February
1990 - March 1996

Yamamoto M
Cancer 1998

Histologic confirmation

Histological confirmation

Case series with
control group
Period: January
1985 - December
1990

Uenishi T Journal Case series with
of Surgical
control group
Oncology 2014
Period: January
2000 - December
2011

Tomimatsu M
Cancer 1993

NR

Total subjects: 1172 Patients with
HCC, undergoing surgical resection
at the Department of Surgery,
National Cancer Center Hospital,
Tokyo

Total subjects: 255 Control patients
enrolled at the two major medical
centers of Osaka City

NR

Total subjects: 90 Patients enrolled
at Hirakata and Osaka University
Hospital

NR

HCV alone: HCC =
526/1093 (48%)
HCV + HBV: 16/1093
(1%)

7/205 (3%)

NR

57/90 (63.4%)

Total subjects: 141 Patients with
Anti-HCV +: 85/121
HCC, undergoing surgical resection
(70.3%), Anti-HCV+
at the Institute of Gastroenterology of /HBsAg+: 5/121 (4.1%)
Tokyo Women’s Medical College
HBsAg+: 16/121 (13.2%)
HBsAg-/anti-HCV -:
15/121 (12.4%)
HCC-related death
often occurred in
patients undergoing
curative resection for
HCV-related ICC. HCV
as adverse prognostic
factor after curative
resection for massforming ICC
Minute nodular
ICC appears to be
related to hepatitis
viral infection and
could be detected at
an early stage, similar
to hepatocellular
carcinoma, by
following up cases of
chronic hepatitis or
cirrhosis
HCV infection as a
possible etiology of
ICC in Japan

The anti-HCV-positive
rate was high in
combined HCC-CC as
well as in HCC

(1) 38.5
HCC-CCA
(19.8-57.1) (2) 9.4 represents a variant
(1.5-17.3)
of ordinary HCC with
cholangiocellular
features, rather than an
intermediate disease
entity between HCC
and CCA
54.1 (49.4-58.7) HCV chronic infection
as possible risk factor
for hilar CCA in Egypt

36 (22.7-49.3)

32 (19-44.9)

36.7 (26.7-46.6)

(1) 30.8 (9-61.4)
(2) 71.4 (29-96.3)
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Review of liver
explants with
control group
at Mayo Clinic
Rochester,
Minnesota
Period: 1995 2007

Review of liver
explants with
control group
from 3 transplant
centers
Period: 1995
-2005

Total patients: 750 Controls were
selected from patients who were
unaffected by liver diseases in the
Changhai Hospital of the Second
Military Medical University

NR

102782 cancer-free controls identified
using the Surveillance, Epidemiology
and End Results-Medicare databases

(1) HCV alone = 10/511 (2%) (2) HCV
1058 total liver explants
+ alcohol = 4/85 (5%)
Control groups included: (1) alcohol
cirrhosis, (2) chronic hepatitis
B infection, (3) nonviral causes
of cirrhosis such as cryptogenic
cirrhosis, (4) noncirrhotic livers that
were transplanted for fulminant liver
failure
Histologic confirmation in explanted (1) Alcohol-related and HCV-related
244 total liver explants Causes: 94
livers
cirrhosis: 24/26 (92%)
alcohol-related cirrhosis, 44 HCV(2) HCV-related cirrhosis: 27/44 (61%)
related cirrhosis, 26 alcohol- and
HCV-related cirrhosis, 28 massive
hepatic necrosis, 24 correction of
metabolic conditions, 16 primary
or metastatic tumors, 8 nodular
regenerative hyperplasia, 2 subacute
Budd- Chiari syndrome, 2 liver
failure during the first week after
transplantation

Histologic confirmation in explanted
livers

9/312 (2.9%)

(1) HCC: 132 patients Anti-HCV
positive: 26/132 (19.7%)
(2) CCA: 44 patients Anti-HCV
positive: 4/44 (9.1%)
(3) HCC-CCA: 15 anti-HCV positive:
3/15 (20%)

(1) ICC = 5/535 (0.9%)
(2) ECC = 5/549 (0.9%)

Association between
HCV infection and ICC

(1) 19.7
Percentage of cHCC(12.9-26.4) (2) 9.1 CC patients with serum
(0.6-17.5) (3) 20
anti-HCV antibodies
(4.3-48)
were similar to those
of HCC patients but
different from CC
patients
2.9 (0.9-4.7)
No significant
difference between
cases and controls in
the prevalence of antiHCV seropositivity

ICC:
0.9 (0.1-1.7)
ECC:
0.9 (0.1-1.7)

(1) 2 (0.7-3.1) (2) Dysplasia detectable
4.7 (0.2-9.2)
within the intrahepatic
bile ducts in chronic
HCV cirrhosis;
chronic HCV, alone
or in association with
alcohol, as major risk
factor for ICC
Noncirrhotic 27/80 (34%) (1) 92.3 (74.9-99) Epidemiologic role of
alcohol-related cirrhosis (2) 61.4 (46.9-75.7) HCV and alcohol in the
86/94 (91%)
development of CCA

(1) Alcohol cirrhosis = 5/
112 (4%) (2) HBVchronic
hepatitis = 0/67 (0%)
(3) Cirrhosis from
nonviral and non alcohol
causes = 0/149 (0%) (4)
Noncirrhotic =/134 (0%)

6/438 (1.4%)

NR

142/102782

BIN: Biliary intraepithelial neoplasia; BBD: Benign biliary disease; CT: Computed tomography; ERCP: Endoscopic retrograde cholangiopancreatography; HBsAg: Hepatitis surface antigen; cHCC-CC patients: Combined HCC
and CCA; ICC: Intrahepatic colangiocarcinoma; ECC: Extrahepatic colangiocarcinoma colangiocarcinoma; CCA: Colangiocarcinoma; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; PTD: Percutaneous
transhepatic cholangiography; NR: Not reported; NA: Not available.

Wu TT Cancer
2009

(B)
Torbenson M Am
J Surg Pathol 2007

Histologic confirmation

Hospital-basedcase control
Study
Period: February
2004 - May 2006

Zhou YM World
J Gastroenterol
2008

Zhou HQ
Hepatobiliary
Pancreat Dis Int
2007

PopulationIdentification of CAA cases from the
based caseSurveillance, Epidemiology and End
control study
Results-Medicare databases by means
Period: 1993-1999 of ICD-9-CM diagnosis codes: (C22.0,
C22.1, C24.0, 8010, 8020, 8041, 8070,
8140, 8144, 8160, 8161, 8260, 8310,
8480, 8490, 8560). Identification of
HCV infection by means of ICD-9-CM
diagnosis codes 070.41, 070.44, 070.51,
070.54 and 070.7
Case-series
Histologic confirmation
Period: January
1996 - November
2005

Welzel TM Clin
Gastroenterol
Hepatol 2007
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Omland
LH Clinical
Epidemiology 2010

Huang J
Br J Cancer 2013

Hassan MM
J Clin Oncol
2008

El Serag Hepatology
2009

Chang MC
World J
Gastroenterol 2014

Amin J J Hepatol
2006

First author/
Journal/
Publication year

PAC diagnosis

HCV positive PAC (n )/
total PAC cases (n )
Control source

45/1716
(2.6%)

SIRs: 1.4
(0.8-2.2)

0.1 (0-0.18)

0.09 (0.05-0.11)

0.8 (0.02-1.6)

0.09 (0.08-0.11)

3.8 (2.2-5.3)

0.02 (0.01-0.03)

HCV positive Percentage of HCVcontrols (n )/ positive cases with
controls (n )
95%CI

Cohort study
Identification of PAC cases by means of 146394 patients in HCV- Sources included inpatients records
572293
Cohort: 718687 ICD-9-CM diagnosis codes (157.0, 157.1,
infected cohort
from more than 150 of USA Veterans
patients
patients PAC
157.2, 157.3, 157.8, 157.9) Identification
PAC
Affairs (VA) hospitals in the Patients
in HCVdetected: 617
of HCV infected subjects by means of
detected:140/146,394 treatment file and outpatients records uninfected
Period: 1988-2004
ICD-9-CM diagnosis codes (070.41,
(0.09%)
from any VA facility in the Output
cohort
070.44, 070.51, 070.54 and V02.62)
Clinic File
PAC detected:
477
Hospital-based
Histological confirmation
6/474 (1.5%)
Community-based (healthy
9/872 (1%)
case-control study
genetically unrelated family members
Period: 2000-2007
of patients with cancer other than
pancreatic, GI, lung or head cancers)
Retrospective
Identification of PAC cases from the
Individuals in HCV
Control population obtained from
Expected
Nationwide cohort Swedish Cancer Register (International reference cohort: 39442 the national surveillance database at
number of
study 197208
Classification of Disease ICD-7: 157)
PAC detected: 34/39442 the Swedish Institute for Infectious
PAC: 16.5
participants:
and from the Cause of Death Register
(0.09%)
Disease Control. The expected
Period: 1990-2006
(ICD-9: 157; ICD-10: C25)
numbers of calculated PAC from the
observed person-time in each 5-yr age
group by sex and the corresponding
Swedish population incidence rates.
Cohort-study
Patients and subjects with HCV
4349 patients with HCV
The expected number of cases of
Expected
Period: 1994 infection identified by means of: -The
infection in the DNHR
cancer after a diagnosis of HCV
number of
2003
Danish National Hospital Registry
4/4349 PAC detected infection using Danish incidence rates PAC: 1.01
(DNHR) -The Danish Cancer Registry
(0.1%)
of first cancer diagnoses according to
People listed in DNHR with at least
sex, age, and year of diagnosis in 1-yr
one diagnosis of acute or chronic HCV
intervals was calculated
infection (ICD-10 B17.1 and 18.2) were
included
Cancer diagnoses based on the Danish
version of the international classification
of diseases, 8th revision (ICD-8) until
Dec 31, 1993, and 10th version (ICD-10)
thereafter

CommunityIdentification of pancreatic cancer cases -Individuals with HCV
Incidence observed in the study
based cohortby means of ICD-10- diagnosis codes
infection: 75834
cohort was compared to expected
study
PAC detected: 17/75834
incidence derived from NSW
Period: 1990-2002
(0.02%)
population cancer rates by calculating
standardised incidence ratios
Case-control
Histological or citological
22/585 (3.8%)
Controls were individuals recruited
study
from a free screening program in
Period: 2000-2013
a community located in Northern
Taiwan

Study design/
study period

Table 3 Characteristics of available studies, reported in English, designed to assess the association between hepatitis C virus infection and pancreatic cancer risk

Association between HCV infection and
higher risk of PAC development

Statistically significant increased risk of
PAC development

HCV infection not associated with higher
risk of PAC development

HCV infection not associated with
higher risk of PAC development, after
adjustement for age, sex, diabetes and
smoking (independent risk factors for
PAC)
Higher risk of PAC in patiens of HCVinfected cohort , but this association was
attenuated after adjustement for alcohol
use, pancreatitis, choledocholitiasis,
cholelithiasis or primary sclerosing
cholangitis

No evidence supporting an association
between HCV infection and PAC
development

Main conclusions
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Expected
number of
PAC: 7.12

36/3012
(1.2%)

Individuals subjected to routine
health examination in the Cancer
Screening Cohort

12/1128
(1.1%)

Calculation of expected number of
incident PAC

Patients admitted to the same
Hospitals (Ruijin Hospital and
Changai Hospital, Shangai for any
acute conditions)

2.9 (1.7-4.1)

0.13 (0.08-0.21)

1.5 (0.7-2.2)

Seropositivity for anti-HCV, infection,
may increase the risk of developing PC in
Korea

Increased risk of PAC in patients with
HCV infection

No higher HCV prevalence in patients
with PAC in comparison with controls

genome in normal and/or cancerous pancreatic tissue specimens. Nevertheless, since 2008, this topic has gained a progressive interest, and an increasing number of
case-control-, cohort-studies and meta-analyses with different design have been carried out with this purpose. To date the number of available studies, concerning the
association between HCV and PAC risk, is still limited, but among these trials, some have suggested that HCV infection represents a risk factor for PDAC, whereas others
[205-207]
have not confirmed this association
. Two trials have been carried out in Chinese population, 2 in United States, 2 in Australia and 1 in Sweden and 1 in Korea.
Among these studies, the largest-sized one has been performed in United States. On the basis of these reports, up to now, three meta-analyses have been carried out.
One of these reported no statistically significant relationship between anti-HCV positivity and PDAC risk because of the small number of studies available, although a
[211]
borderline value was detected in this comparison (RR = 1.16 with 95%CI ranging from 0.99 to 1.3) , but the others found an increased risk of this malignancy in
[204,212]
HCV-infected patients, in comparison to controls (RR = 1.21 with 95%CI ranging from 1.02 to 1.44 or RR = 1.26 with 95%CI ranging from 1.03 to 1.5)
. However,
none of these studies, available to date, included the Swedish-, the Korean-, the Australian-reports as well as the last Chinese case-control research. The majority
of these trials have been published only recently, in particular, between the end of 2013 and the beginning of 2014, therefore their results were not included in the
described meta-analyses. They showed that HCV infection is associated with an increased risk to develop PDAC. The characteristics and number of studies included in
the reported meta-analyses vary among the 3 identified meta-analyses, depending on the different selection criteria used by each author. Furthermore, although most
studies included as matching factors smoking habit, alcohol use or diabetes, no research has assessed whether these variables may act in cooperation with HCV and
increase the risk of PAC. The results of our review, concerning the possible association between HCV infection and PAC risk, studies not considered, as well as metaanalyses are summarised in Tables 3, 12 and 13. Age-standardized incidence rates of pancreatic cancer per 100000 person-years is shown in Figure 3C.

NR: Not reported; SIR: Standardised incidence ratio; HCV: Hepatitis C virus; PAC: Pancreatic cancer.

Double-centre
Histological or citological confirmation
14/943 (1.5%)
ongoing hospitalbased case-control
study. Period:
January 1, 2004August 31, 2008
January 1, 2003Octobet 31, 2009
Swart A BMJ Open
Cohort-study
Individuals registered on the
Subjects with HCV
2012
Patients
Pharmaceutical Drugs of Addiction
infection alone: 14892
considered in the
System, a record of all NSW Health Observed number of PAC
study: 29613
Department authorities that administer in HCV-positive cohort:
1 January 1993 - 31
methadone or buprenorphine to
20/14892 (0.1%)
December 2007
opioid-dependent people as opioid
substitution therapy. Solid cancers
classified according to the International
Classification of Diseases (ICD), 10th
revision, haematopoietic neoplasms and
Kaposi sarcomas classified according to
the ICD for Oncology, 3rd edition
Woo SM J Korean
Case-control
Histological or radiological/clinical
753 patients with PAC
Med Sci 2013
study
confirmation
724/753 with available
Period: 2001-2011
anti-HCV test 21/724
(2.8%)

Qiwen Ben
Pancreas
2012
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France

United
States

Hwang JP J
Oncol Pract 2014

Larrey D
World J
Gastroenterol
2010

Australia

Country

Amin J J Hepatol
2006

Author/Journal/
Publication year

Diagnosis

Sample size (HCV positive
breast cancer cases)

Patients’data obtained from:
Individuals with HCV
-New South Wales (NSW) Australia Health
infection: 75834
Department’s Notifiable Diseases Database Breast cancers detected: 50
(NDD) for notification of newly diagnosed
50/75834
HCV infection -NSW Central Cancer
Registry (CCR) for notification of incident
cancer cases -National Death Index (NDI)
database, containing records of all deaths in
Australia since 1980
Identification of breast cancer cases by
means of ICD-10-diagnosis codes
Cohort-study
Patients’data, obtained from four
141877 patients with cancer,
Period: January
institutional sources:
who were newly registered
2004 - April 2011
Tumor registry: to assess patients’
at MD Anderson Cancer
demographic characteristics Pharmacy
during the study period.
informatics: to evaluate chemotherapy drugs Patients considered in the
and dates administered. Patient accounts:
study: 16773.
to identify study patients’ International
HCV screened subjects:
Classification of Diseases (ninth edition;
2330/16773 (13.9%) HCV
ICD-9) codes Laboratory informatics: to
screened females: 1038
determine HCV antibody (anti-HCV) and HCV-positive patients with
ALT test dates and results
cancers: 35/2330 (1.5%)
HCV-positive females with
cancers: 12 (1) HCV-positive
females with breast cancers:
3/12 (2) HCV-negative
females with breast cancer:
102/1026
Case serie with
Females with history of HCV-related
17/294 (5.8%)
control gorup
chronic infection, observed in Liver Unit of
Period: NR
Montpellier School of Medicine, France, for
chronic liver diseases in several occasions
for a period longer
than 1 yr. Chronic hepatitis proved by
liver biopsy and/or biological markers of
inflammation and fibrosis

Communitybased cohortstudy
Period:
1990-2002

Study design/
study period

Females sequentially and
prospectively seen during
the same period with chronic
liver disease over 1 yr,
with well defined clinical,
radiological and histological
characteristics [chronicHBV, alcoholic-liver disease,
auto-immune hepatitis,
hemochromatosis, non
alcoholic fatty liver disease
(NAFLD), cholangitis]

NR

Incidence observed in the
study cohort was compared
to expected incidence derived
from NSW population
cancer rates by calculating
standardised incidence ratios

Control source

5/107 (4.7%)

NR

SIR: 0.3
(0.4-0.5)

HCV positive
controls/
controls

NR

NR

NR

No evidence supporting
an association between
HCV infection
and breast cancer
development

Main conclusions
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5.8 (3.1-8.4)

Chronic HCV infection
is not a strong promoter
of breast carcinoma in
adult females of any age

(1) 25 (5.5-57.2) (2) HCV screening rates
9.9 (8.1-11.8)
were low, even among
patients with risk
factors, and the groups
with the highest rates
of screening did not
match the groups with
the highest rates of a
positive test result

(0.05-0.09)

Matching
Percentage of
factors
HCV-positive cases
with 95%CI

Table 4 Characteristics of available studies, reported in English, designed to assess the association between hepatitis C virus infection and breast cancer risk
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Australia

Swart A BMJ
Open
2012

Cohort-study
1 January 1993
- 31 December
2007

Populationbased study
Period:
2000-2008

Cohort-study
Period:
1994-2003

NR

age- and
sex

NR

0.03 (0.02-0.04)

2.9 (2.1-3.5)

0.05 (0-0.1)

No evidence supporting
an association between
HCV infection
and breast cancer
development

HCV infection
associated with early
onset risk of breast
cancer in areas endemic
for HCV

No association between
HCV infection and
higher risk of breast
cancer development

On the basis of the observation that the wide geographical differences in the age-standardized incidence of breast cancer
cannot be entirely explained by variations
in known risk factors among countries, it was hypothesized, since 1997, that a relationship might exist between this malignancy and late exposure to a common
[231]
[232]
virus . It has been reported that some viruses may be involved in the occurrence of this malignancy , but, in particular, in 1999 an anecdotal report suggested,
for the first time, the HCV might play a role in the development of some solid tumors other than liver, including breast cancer. Since then, some studies investigated
the possible involvement of HCV in breast carcinogenesis. Among the 6 trials identified in our review, 5 were cohort- and 1 case-control-studies. Two of them were
performed in Australia, 1 in United States, 1 in Denmark, 1 in Taiwan and 1 in France, respectively. Two studies, 1 case-control performed in Taiwan and 1 cohort trials
in France were designed with the primary aim to assess the potential relationship between HCV and breast cancer risk, whereas the others were not. Only the research
carried out in Taiwan found an association with early onset risk of breast cancer.

HCV and breast cancer risk

[229]

Patients and subjects with HCV infection
4349 patients with HCV
The expected number
Expected
identified by means of: The Danish National
infection in the DNHR
of cases of cancer after a
number of
Hospital Registry (DNHR) -The Danish
2 breast cancer detected
diagnosis of HCV infection breast cancers
Cancer Registry
2/4349 (0.05%)
using Danish incidence rates
8.05
People listed in DNHR with at least one
of first cancer diagnoses
diagnosis of acute or chronic HCV infection
according to sex, age, and
(ICD-10 B17.1 and 18.2) were included
year of diagnosis in 1-yr
Cancer diagnoses based on the Danish
intervals was calculated
version of the international classification of
diseases, 8th revision (ICD-8) until Dec 31,
1993, and 10th version (ICD-10) thereafter
Data retrieved from National Health
56/1958 (2.9%)
Randomly selected and
178/7832
Insurance Research Database (NHIRD),
matched individuals without
(2.3%)
which is maintained by the National Health
a history of breast cancer
Research Institute (NHRI), Taiwan. Newly
(control to patient ratio was
diagnosed breast cancer identified from the
4:1)
registry for Catastrophic Illness Patients
Database (ICD-9-CM code 174 and 175).
Identification of HCV infected subjects by
means of ICD-9-CM diagnosis codes (ICD-9CM 070.41, 070.44, 070.51, 070.54, and
V02.62)
Individuals registered on the
Patients considered in the
Calculation of expected
Expected
Pharmaceutical Drugs of Addiction System, study: 29613 Subjects with
number of incident breast
number of
a record of all NSW Health Department
HCV infection alone: 14892
cancer
breast cancers:
authorities that administer methadone or Observed number of breast
101
buprenorphine to opioid-dependent people
cancer in HCV-positive
as opioid substitution therapy. Solid cancers
cohort: 48
classified according to the International
48/14892 (0.03%)
Classification of Diseases (ICD), 10th
revision, haematopoietic neoplasms and
Kaposi sarcomas classified according to the
ICD for Oncology, 3rd edition

NR: Not reported; SIR: Standardised incidence ratio; HCV: Hepatitis C virus.

Taiwan

Denmark

Su FH
BMC Cancer
2011

Omland
LH Clinical
Epidemiology
2010
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United States

Gonzalez HC Dig
Dis and Sci 2015

Hofmann JN Eur J
Cancer Prev
2011

Case series
with control
group
January 2011 August 2013

Case series
with control
group
2005-2010

Communitybased cohortstudy
Period:
1990-2002

Study design/
study period

Sweden

Nationwide
register-based
cohort- study
Period:
1990-2008

United States Cohort study
Period:
1997-2006

Turkey

Budakoğlu B Med
Oncol
2012

Gordon SC
Cancer Epidemiol
Biomarkers Prev
2010

Australia

Country

Amin J J Hepatol
2006

A u th o r / J o u r n a l /
Publication year

Sample size
(HCV positive
RCC cases)

Control source

HCV positive
controls/controls

Matching factors

Percentage of
HCV-positive cases
with 95%CI

Main conclusions

Individuals with
Incidence observed in
SIR: 0.9 (0.6-1.4)
NR
0.02 (0.01-0.03)
No evidence supporting
HCV infection:
the study cohort was
an association between
75834
compared to expected
HCV infection and kidney
RCC detected: 19 incidence derived from NSW
cancer development
19/75834
population cancer rates by
calculating standardised
incidence ratios
Histological confirmation
15/903 (1.7%)
Data collected in previous
81/5267 (1.5%)
NR
1.7 (0.8-2.4)
No higher frequency of
prevalence studies in healthy
HCV positivity in RCC
subjects in three different
patients in comparison
geographical areas of the
with healthy people
Turkey, used as control
group
Histological confirmation
Anti-HCV
Consecutive individuals
Anti-HCV
NR
(1) 7.9 (3.4-12.3) (2) Increased risk of RCC in
positive: 11/140 newly diagnosed with colon positive: 1/100
2.3 (10.5)
subjects
(7.9%)
cancer. The control group
(1%)
with HCV chronic
(2) HCV-RNA recruited simultaneously and
HCV-RNA
infection
positive: 9/140
from the same health care
positive: 0/100
(6.4%)
system (Henry Ford Health
System in Detroit, Michigan)
Use of administrative data from
72487 patients
Control cohort of patients 64006/72487 antiNR
0.6 (0.3-0.8)
Chronic infection with
Henry Ford Hospital, an integrated tested for anti- who tested negative for anti- HCV negative
HCV confers an increased
healthcare delivery system serving
HCV
HCV
patients
and independent risk for
southeastern Michigan. Cancer
3057/72487 anti177/64006 (0.3%)
developing RCC
diagnosis codes in administrative
HCV positive
with RCC
databases [International
patients
Classification of Diseases, 9th ed.,
17/3057 (0.6%)
Clinical Modification (ICD-9-CM)
with RCC
codes in the range of 140 through
208.9]
HCV diagnosis extracted from the
43000
A non-HCV-infected cohort
215000
Year of birth,
(1) 0.06 (0.09-0.21)
In the cohort of HCVnational surveillance database at
Lag period after
selected from the general
sex, and county
(2) 0.05 (0.08-0.21)
infected subjects,
the Swedish Institute for Infectious HCV notification
population
of residence in
(3) 0.05 (0.07-0.21)
no increased risk of
Disease Control (SMI). Cancer
(1) None: 38,
Sweden, five
developing kidney cancer
diagnoses were coded using the
Expected: 27.1
subjects never
but an enhanced risk of
seventh revision of the International (2) Three months
diagnosed with
non-cancer chronic kidney
Classification of Diseases (ICD-7) 33 Expected: 26.5
HCV infection
disease, particularly
(ICD-7 codes 180.0 and 180.9)
(3) One year: 29
were matched to
among women
Expected: 24.9
each HCV-infected
subject

Identification of renal cancer cases
by means of ICD-10- diagnosis
codes

Diagnosis

Table 5 Characteristics of available studies, reported in English, assessing the association between hepatitis C virus infection and renal cancer
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Australia

Swart A BMJ Open
2012

Cohort-study
1 January 1993
- 31 December
2007

Cohort-study
Period:
1994-2003

Case-control
study
Period: NR

All cancer patients: 236 HCV
diagnosis performed with II G
ELISA test. Cancers diagnosed at
Garibaldi Hospital
Patients and subjects with HCV
infection identified by means of:
-The Danish National Hospital
Registry (DNHR) -The Danish
Cancer Registry
People listed in DNHR with at least
one diagnosis of acute or chronic
HCV infection (ICD-10 B17.1 and
18.2) were included
Cancer diagnoses based on the
Danish version of the international
classification of diseases, 8th revision
(ICD-8) until Dec 31, 1993, and 10th
version (ICD-10) thereafter
Individuals registered on the
Pharmaceutical Drugs of Addiction
System, a record of all NSW
Health Department authorities
that administer methadone or
buprenorphine to opioid-dependent
people as opioid substitution
therapy. Solid cancers classified
according to the International
Classification of Diseases (ICD),
10th revision, haematopoietic
neoplasms and Kaposi sarcomas
classified according to the ICD for
Oncology, 3rd edition
Patients
considered in the
study: 29613
Subjects with
HCV infection
alone: 14892
Observed number
of RCCs in HCVpositive cohort:
20
20/14892

Expected number
of RCCs: 18.1

NR

NR

Age, sex and
previous blood
transfusions

0.1 (0.08-0.20)

0.1 (0-0.2)

53.3 (26.5-78.7)

No evidence supporting a
strong association between
HCV infection and RCC
development

Association between HCV
infection and higher risk of
renal cancer development

High prevalence of
anti-HCV antibodies in
patients with renal cancer

[233]

Although some authors have reported, several years ago, that HCV is associated with an higher probability to develop chronic end-stage renal diseases
or that a
[234,235]
[236]
relationship may exist between this virus and a major risk of kidney cancer, as reported in some case reports
or in very small series of patients , only in the
last 5 years, the interest for this topic has progressively increased and adequately powered studies have been carried out in different geographical areas worldwide. To
date 4 cohort-, 1 case-control- and 2 case series with control groups studies available in literature, have been considered in our systematic review. Two among cohort[199]
trials were performed in Australia, 1 in United States and 1 in Sweden, whereas the case-control trial in Italy. One case series study was carried out in United States
[198]
and one in Turkey . The results of these reports are not univocal. In particular, only 1 of these cohort studies as well as 1 case series with control group research and

HCV and kidney cancer risk

The results of our review, concerning the possible association between HCV infection and renal cancer risk as well as studies not considered are summarised in Table 4
and 14. To date, no meta-analysis has been published on this topic. Age-standardized incidence rates of breast cancer per 100000 person-years is reported in Figure 3D.

Calculation of expected
number of incident RCCs

15 patients with Elderly volunteers evaluated
30/300 (10%)
RCC 8/15 (53%)
at Garibaldi Hospital,
HCV positive
Catania
patients
4349 patients
The expected number
Expected number
with HCV
of cases of cancer after a
of kidney cancers:
infection in the
diagnosis of HCV infection
1.11
DNHR
using Danish incidence rates
4 renal cancer
of first cancer diagnoses
detected
according to sex, age, and
4/4349
year of diagnosis in 1-year
intervals was calculated

NR: Not reported; SIR: Standardised incidence ratio; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

Denmark

Italy

Omland LH Clinical
Epidemiology 2010

Malaguarnera M
Eur J Int Medicine
(2006)
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Nobles J
Laringoscope
2004

Nagao Y J Oral
Pathol Med 2000

Nagao Y J Oral
Pathol Med 1995

Gandolfo S Oral
Oncol 2004

Eftekharian
A Eur Arch
Otorhinolaryngol
2012

Amin J J Hepatol
2006

Author/Journal/
Publication year

Identification of skin/oral cancer
cases by means of ICD-10- diagnosis
codes

Diagnosis

Biopsies of 36
patients, including:
(1) OLP: 19; (2) Oral
cancer: 17
Period: NR
Case-series
100 patients with
SCCHN enrolled.
Period: June
1991-December 2002

Histological confirmation: SCCHN

Histological confirmation: Welldifferentiated SCCHN

Case-series 107
Histological confirmation: SCCHN
patients with
SCCHN
Period: October
2008-June2010
Case-series 402
During the follow-up period: 9
patients with OLP patients developed an oral squamous
Patients with
cell carcinoma
available HCV test:
Histological confirmation: OSCC
357 HCV positive
patients: 69/357
(19.3%)
Period: January 1988
- July 1999
Case-series 100
Histological confirmation: Different
patients with oral
histotypes
cancer enrolled
Period: January
1989-October 1993

Community-based
cohort-study
Period: 1990-2002

Study design/study
period

Control source

HCV positive controls/
controls

NR

Patients with nonmalignant disease
receiving dental treatment
at the Department of Oral
Surgery of the Kurume
University Patients with
gastric cancer
(1) 14/19 (73.7%); (2) 7/17
Biopsies of 10 patients,
(41. 2%)
including: (3) Nonmalignant disease with
HCV (4) Non-malignant
disease without HCV
21/100 (21%)
NR

24/100 (24%)

HCV positive patients
with OSCC: 4/9 (44.5%)

NR

(3): 6 (4): 4

(1) 11/104 (10.6%); (2)
12/113 (10.6%)

NR

Individuals with HCV
Incidence observed in the SIR: Mouth: 1.5 (0.7-3.2)
infection: 75834 Skin/oral study cohort was compared Tongue: 1.1 (0.5-2.4)
cancer: 19 including ,
to expected incidence
Tonsil: 2.1 (1-4.8)
mouth (7 cases), tongue (6
derived from NSW
cases), tonsil (6 cases) no population cancer rates by
skin cancers described
calculating standardised
incidence ratios
1/107 (0.9%)
NR
NR

Sample size (cases/
controls)

21 (13-28.9)

(1) 73.7
(53.8-93.4); (2)
41.2 (17.8-64.5)

24 (15.6-32.3)

44.5 (11.9-76.9)

0.9 (0-2.7)

0.02 (0.01-0.03)

Percentage of
HCV-positive
cases with 95%CI

Table 6 Characteristics of available studies, reported in English, assessing the association between hepatitis C virus infection and oral or skin cancer

A large number of patients (21%) with
SCCHN, included in this study, coinfected
with HCV. This prevalence is significantly
increased when compared with the general
population (1.4%) or the population at VA
hospitals (9.9%)

HCV causing pathologic changes in
the oral cavity, with HCV involved in
cancerization

HCV causing pathologic changes in
the oral cavity, with HCV involved in
cancerization

Possible increased risk for OSCC in HCVrelated infection in patients oral lichen
planus (OLP)

HCV at least in Iran not a risk factor for
SCCHN

No evidence supporting an association
between HCV infection and skin/oral
cancer development, low increased risk for
tonsil cancer

Main conclusions
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Case series
Patients with antiHCV antibodies: 2613
HCV positive
patients: 151/2613
(5.8%)
Period: January 1989
-December 1998

Nationwide
Population-Based
Cohort Study
HCV positive
patients: 5311
HCV and HBV
positive patients:
3519
Period: 1996-2008
Cohort-study
1 January 1993 - 31
December 2007

Cohort-study
Period: 1994-2003

Individuals registered on the
Pharmaceutical Drugs of Addiction
System, a record of all NSW
Health Department authorities
that administer methadone or
buprenorphine to opioid-dependent
people as opioid substitution therapy.
Solid cancers classified according
to the International Classification
of Diseases (ICD), 10th revision,
haematopoietic neoplasms and
Kaposi sarcomas classified according
to the ICD for Oncology, 3rd edition
Histological confirmation Histotype
not reported

Patients and subjects with HCV
infection identified by means of: -The
Danish National Hospital Registry
(DNHR) -The Danish Cancer Registry
People listed in DNHR with at least
one diagnosis of acute or chronic
HCV infection (ICD-10 B17.1 and
18.2) were included
Cancer diagnoses based on the
Danish version of the international
classification of diseases, 8th revision
(ICD-8) until Dec 31, 1993, and 10th
version (ICD-10) thereafter
Data obtained from the Taiwan
National Health Insurance Research
Database (NHIRD). HCV cases
identified by means of ICD-9-CM
diagnosis codes (ICD-9-CM: 070.41,
070.44, 070.51, 070.54, V02.62)
Controls identified by
means of a systematic
random sampling method
to select 4 insured people
without viral hepatitis for
every insured person with
viral hepatitis during the
same period

147/84796

The expected number
Expected number of
of cases of cancer after a oropharyngeal cancers:
diagnosis of HCV infection
1.73
using Danish incidence
rates of first cancer
diagnoses according to sex,
age, and year of diagnosis
in 1-yr intervals was
calculated

25/245 (10.2%)

NR

NR

Patients considered in
Calculation of expected
Expected number of
the study: 29613 Subjects number of incident tonsil/ oral cancers: Tonsil: 2.96
with HCV infection alone:
mouth/salivary gland/
Mouth; 3.54 Salivary
14892 Observed number of
tongue cancers
gland: 2.75 Tongue:5.35
following cancer in HCVpositive cohort: (1) Tonsil:
10; (2) Mouth:8; (3) Salivary
gland: 4; (4) Tongue: 9
Total: 31

(1) 21/5311; (2) 9/3519

4349 patients with HCV
infection in the DNHR
4 oropharyngeal cancers
detected

NR: Not reported; SIR: Standardised incidence ratio; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

Takata Y Oral
Diseases 2002

Swart A BMJ Open
2012

Su FH PlosOne
2012

Omland
LH Clinical
Epidemiology 2010

10.2 (6.4-13.9)

0.2 (0.1-0.3)

(1) 0.4 (0.2-0.5);
(2) 0.3 (0.09-0.4)

0.1 (0-0.2)

High HCV antibody prevalence in patients
with oral cancer. Possible no important
association between oral cancer and HCV
infection, with increased prevalence,
depending on higher age of anti-HCV
positive patients

Possible association between HCV and
tonsil/mouth cancers. No association
between HCV infection and tongue/
salivary cancers

HCV infection is a risk factor for oral
cavity cancer. In addition, subjects with
HCV infection tend to be at early onset risk
for oral cavity malignancy

No sssociation between HCV infection
and higher risk of oropharyngeal cancer
development
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Case-control study
Period:
January 1995 December 2001

Cohort study
Period: 1997-2004

Antonelli A Thyroid
2007

Giordano TP JAMA
2007

Case-control study
Period 1997-1999

Case-control study
Period: 1999-2001

Antonelli A Clin
Exp Rheumat 2002

Montella M Oncol
Rep
2003

Community-based
cohort-study
Period: 1990-2002

Study design/study
period

Amin J J Hepatol
2006

Author/Journal/
Publication year

Control source

Incidence observed in
the study cohort was
compared to expected
incidence derived from
NSW population cancer
rates by calculating
standardised incidence
ratios
94 patients with HCVControl group obtained
associated MC
from a sample (2401
Patients with PTC and HCVindividuals) of the
associated MC/patients with general population, 5
HCV-associated MC: 2/94 controls were randomly
(2.1%)
associated with each MC
patient
308 HCV positive patients
(1) subjects from an
PTC and HCV positive
iodine deficient area; (2)
cases/all HCV positive cases: subjects from an iodine6/308 (1.9%)
sufficient area

Individuals with HCV
infection: 75834
Thyroid cancers detected: 9

Sample size

PTC cases/all HCV
negative controls: (1)
0/616;
(2) 1/616

0/470

SIR: 0.3 (0.2-0.7)

Controls

Identification of HCV infected subjects by HCV-positive cohort: 146394 Inpatients records from HCV- negative cohort:
means of ICD-9-CM , diagnosis codes of
patients
more than 150 United
572293 patients.
HCV infection (070.41, 70.44, 070.51, 070.54,
During follow-up,
States Veterans Affairs
During follow-up,
V02.62)
813 patients in HCV-infected
(VA) hospitals in the
35696 uninfected HCV
Identification of thyroid cancer by menas of
cohort (0.5%) had a HIV
Patients’ treatment file
patients (6.2%) had a
ICD-9-CM diagnosis codes: 193
diagnosis.
and outpatients records recorded HCV diagnosis
46 patients developed
from any VA facility in
and
thyroid cancer
the Output Clinic File
1539 patients (0.3%) a
HIV diagnosis
274 patients developed
thyroid cancer
Histological confirmation PTC
HCV positive PTC cases/all Control group including
242 controls and 311
PTC cases: 16/130 (12.3%)
subjects, operated for
surgical procedures.
benign diseases. Cases HCV positive controls/
and controls selected
total controls 18/311
from the hospital tumor
registry

FNA
PTC

FNA
PTC

Identification of thyroid cancer cases by
means of ICD-10- diagnosis codes

Diagnosis

Table 7 Characteristics of available studies, reported in English, assessing the association between hepatitis C virus infection and thyroid cancer

12.3 (6.6-17.9)

0.03 (0.02-0.04)

1.9 (0.4-3.4)

2.1 (0-5)

0.01 (0-0.02)

Percentage of HCVpositive cases with
95%CI

Association between HCV
and thyroid cancer. This
malignancy more readily
detectable in countries with a
high prevalence of HCV

High prevalence of thyroid
papillary cancer in HCV+
patients, overall in presence of
thyroid autoimmunity; careful
thyroid monitoring is indicated
during the follow-up of these
patients
No increased, risk for thyroid
cancer in HCV-positive cohort

Possible association between
HCV-related MC and thyroid
cancer, careful monitoring of
the thyroid opportune, during
the clinical follow-up of HCVassociated MC patients

No evidence supporting an
association between HCV
infection and thyroid cancer
development
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Patients and subjects with HCV infection
4349 patients with HCV
The expected number
identified by means of: -The Danish National
infection in the DNHR
of cases of cancer after
Hospital Registry (DNHR) -The Danish
1 thyroid cancer detected
a diagnosis of HCV
Cancer Registry
infection using Danish
People listed in DNHR with at least one
incidence rates of
diagnosis of acute or chronic HCV infection
first cancer diagnoses
(ICD-10 B17.1 and 18.2) were included
according to sex, age, and
Cancer diagnoses based on the Danish
year of diagnosis in 1-yr
version of the international classification of
intervals was calculated
diseases, 8th revision (ICD-8) until Dec 31,
1993, and 10th version (ICD-10) thereafter
Cohort-study
Individuals registered on the
Patients considered in the
Calculation of expected
1 January 1993 - 31 Pharmaceutical Drugs of Addiction System, study: 29613 Subjects with
number of incident
December 2007
a record of all NSW Health Department
HCV infection alone: 14892
thyroid cancer
authorities that administer methadone or Observed number of thyroid
buprenorphine to opioid-dependent people
cancer in HCV-positive
as opioid substitution therapy. Solid cancers
cohort: 48
classified according to the International
Classification of Diseases (ICD), 10th revision,
haematopoietic neoplasms and Kaposi
sarcomas classified according to the ICD for
Oncology, 3rd edition

Cohort-study
Period: 1994-2003

12937

Expected number of
thyroid cancers: 34.4

Expected number of
thyroid cancers: 0.46

0.3 (0.2-0.4)

0.02 (0-0.06)

No evidence supporting an
association between HCV
infection and thyroid cancer
development

No association between HCV
infection and higher risk of
thyroid cancer development

[224]

A relationship between HCV and oral squamous cell carcinoma (OSCC) was described, for the first time, in 1995
and then it was also reported in 1997, when a
[237]
high prevalence of anti-HCV antibodies and of viral genome was showed in patients with head and neck squamous cell carcinomas . Since then, cases of OSCC and
[238,239]
verrucous carcinoma have been described in anti-HCV positive subjects with or without associated oral lichen planus (OLP)
. The prevalence of this inflammatory
[240]
mucocutaneous condition varies largely among different geographical areas, with the highest rates observed in countries with HCV hyperendemia . According to one
study performed in 1557 patients with OLP, a more elevated HCV prevalence was observed in individuals, suffering from this disease, than that in the control group (1.9%,
[241]
0.4% respectively, P < 0.001) . The association between HCV infection and OLP has been recently confirmed by three independent meta-analyses and it emerged
across throughout the world. However, this relationship was most frequently detected in East- and South-East Asia as well as in South American- and Mediterranean[242-244]
[245]
regions
. HCV might be involved in this type of process . It has been suggested that OLP is a precancerous lesion, although the degree of risk of this disease
[225,239]
for development of oral cancer is controversial
. Additional studies have shown a significant higher prevalence of HCV infection in patients with squamous cell
[225]
[227]
carcinoma of head and neck (SCCHN) than that described in controls , whereas others did not . To date, 10 studies, concerning relationship between HCV infection
and oral/skin cancers have been published. Our findings, concerning the possible association between HCV infection and oral/skin cancer risk as well as studies not

HCV and oral/skin cancer risk

case-control study have detected an association between HCV infection and risk of kidney malignancy
, whereas the remaining articles did not. However, it has
[118,146]
to be underlined that 2 of these cohort studies were designed to assess the incidence for all cancer types following HCV infection and not specifically the renal one
.
In addition, a significant relationship between renal carcinoma and viral hepatitis has been described in a further research, but it has not been considered, because no
[203]
data on the type viral hepatitis infection were reported . The results of our review, concerning the possible association between HCV infection and renal cancer risk as
well as studies not considered are summarised in Tables 5 and 15. To date, no meta-analysis has been published on this topic. Age-standardized incidence rates of renal
cancer per 100000 person-years is reported in Figure 3E.

[196,199,200]

FNA: Fine needle-aspiration; MC: Mixed cryoglobulinemia; PTC: Papillary thyroid cancer; SIR: Standardised incidence ratio; HCV: Hepatitis C virus.
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Table 8 Main findings of studies, concerning the association between hepatitis C virus infection and lymphomas, not considered
in the present systematic review because of not reported in English or as full-text or including incomplete data or assessing
lymphoproliferative disorders other than B-cell lymphomas
Studies (First author/Journal/
Year of publication)
Arcaini L Cancer 2004

Catassi C Rec Prog Med 1998

Dal Maso L Haematologica 2004

de Sanjose S Int J Cancer 2004
Domingo JM Med Clin (Barc)
2001
Ferri C JAMA 1994
Ferri C QJM 1996
Gasztonyi B Orv Hetil 2000
Grudeva-Popova J BUON 2013

Izumi T Leukemia 1997

Montella M Liver 2001

Sánchez Ruiz AC Med Clin
(Barc) 2001

Study title

Main findings for exclusion

Study conclusion

Splenic and nodal marginal zone
Duplicate
High HCV seroprevalence in patients with
lymphomas are indolent disorders at high
MZL
hepatitis C virus seroprevalence with
distinct presenting features but similar
morphologic and phenotypic profiles
High prevalence of hepatitis C virus (HCV)
Full-text in Italian
Possible causative role of the HCV in
infection in patients with non-Hodgkin
lymphomagenesis
lymphoma at the onset: preliminary results
of a multicentre Italian study
Hepatitis B and C viruses and Hodgkin
Evaluation of the
No role of HCV in the etiology of HL
lymphoma: a case-control study from
association between HCV
northern and southern Italy
infection and HL risk
Role of hepatitis C virus infection in
Duplicate
HCV infection is associated with an
malignant lymphoma in Spain
increased risk of lymphoma in Spain
Hepatitis C virus infection in patients with
Full-text in Spanish
Possible association between HCV infection
non Hodgkin's lymphoma
and NHLs
Non-Hodgkin’s lymphoma: possible role of
Duplicate
Possible role of HCV infection in B-cell
hepatitis C virus
NHLs development
Chronic hepatitis C and B-cell nonDuplicate
Possible role of HCV infection in B-cell
Hodgkin's lymphoma
NHLs development
Hepatitis C virus infection and B-cell nonFull-text in Humgarian
HCV might have an aetiological role in the
Hodgkin's lymphoma
lymphoproliferation leading to B-cell NHL
Non-Hodgkin lymphomas and carrier state Incomplete data concerning
Hepatitis virus carrier state did not alter
of viral hepatitis B and C
the association between
significantly the clinical course and disease
HCV infection and NHLs
prognosis
B cell malignancy and hepatitis C virus
Duplicate
Association between persistent HCV
infection
infection and the occurrence of B- cell
malignancy
HCV and cancer: a case-control study in a
Duplicate
Expected increases not only in liver cancer,
high-endemic area
but also in tumors associated with the
immune system
Prevalence of hepatitis C virus infection in
Full-text in Spanish
Higher prevalence of HCV in our B-NHL
patients with non-Hodgkin's lymphoma
patients

MZL: Marginal zone lymphoma.

considered are summarised in Tables 6 and 16. To
date, no meta-analysis has been published on this
topic. Age-standardized incidence rates of oral-cancer
per 100000 person-years is reported in Figure 3F.

HCV and thyroid cancer risk

The first description of an association between HCV and
risk of thyroid cancer development dates back to 1999,
[246]
when Antonelli et al
reported a high prevalence
(2.2%) of thyroid cancer in a series of 139 patients
with chronic hepatitis C infection in comparison to no
case among 835 control subjects, who were long[246]
term residents of an iodine-deficient area
. Since
then some case-control studies have been carried out
[73,74,215-217,247]
to assess this finding
. These trials have
been performed in Italy and all have confirmed the
previous above-mentioned assumption, although,
[73,74,215-217,247]
some of these represent duplicates
.
Afterwards, three cohort studies have been published
to assess this subject in the last years, but no evidence
supporting an association between HCV infection and
thyroid cancer development has emerged from these
reports. Two of these trials were designed to assess the
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incidence for all cancer types following HCV infection
[118,146]
and not specifically the thyroid one
. Our findings,
concerning the possible association between HCV
infection and renal cancer risk as well as studies not
considered are summarised in Table 7 and 17. To date,
no meta-analysis has been published on this topic.
Age-standardized incidence rates of thyroid cancer per
100000 person-years is reported in Figure 3G.

DISCUSSION
To our knowledge, this is the first study aimed
to review systematically the prevalence of HCV
infection in a wide spectrum of human malignancies,
to summarise the retrieved data and to discuss
the possible role of this pathogen in the genesis
of the discussed tumours. Since several years the
possible involvement of different viruses in human
carcinogenesis has been reported, with increasing
frequency, in a large series of epidemiological studies.
Recently, the International Agency for Research
on Cancer (IARC) has comprehensively assessed
and confirmed the human carcinogenicity of 7 viral
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Table 9 Characteristics of available systematic review and/or meta-analyses, reported in English, assessing the association between
hepatitis C virus infection and lymphomas
First author/
Country

Title

Gisbert JP,
2003

Number
of studies
considered

Main conclusion

Matching factors
considered

Prevalence of hepatitis C
virus infection in B-cell
non-Hodgkin's lymphoma:
systematic review and
meta-analysis
Matsuo K,
Effect of hepatitis C virus
2004
infection on the risk of
non-Hodgkin’s lymphoma:
a meta-analysis of
epidemiological studies
Negri E, 2004
B-cell non-Hodgkin’s
lymphoma and hepatitis
C virus infection: a
systematic review

23

HCV prevalence in patients with B-NHL is approximately 15%, higher Age, sex, smoking,
than that reported not only in general population (1.5%) but also in
race, when available
patients with other hematologic malignancies (2.9%), suggesting a role
of HCV in the etiology of B-NHL

23

Dal Maso L,
2006

18

Strongly positive association between anti-HCV seropositive test
Age and sex, when
subjects and risk of NHL. Individualists with anti-HCV positive test
available
have approximately five times higher risk of NHL. This association
is consistent regardless of the endemic status of HCV, as well as
subgroup analysis for B-/T-NHL
A high HCV prevalence in B-NHL was found in southern and eastern Age and sex, whether
Europe, Japan and the southern United States, but not in central and
available
northern Europe, Canada, northern United States, or a few Asian
countries. The odds ratio of B-NHL for HCV infection was relatively
weak, ranging from 2 to 4 in most studies. Thus, even if the observed
association were causal, the percentage of cases of B-NHL attributable
to HCV infection would be relatively low (10%) also in countries with
a high prevalence of HCV infection in the general population, and
extremely low in other countries
The pooled relative risks (RR) were consistently increased for all major Age and sex, when
B-NHL subtypes, T-NHL, and primary sites of NHL presentation.
available
The etiologic fraction of NHL attributable to HCV varies greatly by
country, and may be upward of 10% in areas,where HCV prevalence is
high .Associations weaker than with NHL were found between HCV
infection and Hodgkin’s lymphoma
The results of the present study confirm the association between
Age, sex, county of
HCV infection and NHL and specific B-NHL subtypes (diffuse large residence, study site,
B-cell lymphoma, marginal zone lymphoma and lymphoplasmacytic
geographic area,
lymphoma). This research has sufficient statistical power to confirm
when available
these associations in populations with low HCV prevalence

Hepatitis C Virus and Risk
of Lymphoma and Other
Lymphoid Neoplasms:
A Meta-analysis of
Epidemiologic Studies

15

de Sanjose S,
2008

Hepatitis C and non7
Hodgkin lymphoma
among 4784 cases and
6269 controls from the
International Lymphoma
Epidemiology Consortium
Libra M, 2010 Extrahepatic disorders of
18
The results of the study confirm the association between HCV infection
HCV infection: A distinct
Review of
and NHL and specific B-NHL subtypes. The higher prevalence
entity of B-cell neoplasia? Italian studies
of anti-HCV Abs was observed among lymphoplasmacytoid/
lymphoplasmacytic/immunocytoma histotype whereas the lowest
was among small lymphocytic lymphoma/chronic lymphocytic
leukemia (SLL/CLL). Overall, these studies strongly support the
notion that HCV-associated lymphomas may be a distinct entity and
further characterization of the mechanisms by which HCV infection
contributes to B-cell NHL development may improve its diagnosis,
classification and treatment

NR

HCV: Hepatitis C virus; NHL: Non-hodgkin-lymphoma.

agents, including HCV. In particular, it has been
recognised that HCV acts as an indirect carcinogen,
by promoting and maintaining a state of chronic
[248]
inflammation in infected sites . This event is now a
well-known condition that is involved in the process
of hepatic carcinogenesis. However, even if liver is the
main target of HCV, its tropism for this organ is not
exclusive. In particular, viral antigens and genomes
[249]
have been also detected in extra-hepatic tissues
.
All these evidences have contributed to consider the
possible role of this pathogen as a pro-cancerous
agent also in organs other from liver. On the basis
of this assumption, as it has been observed for the
strong relationship between HCV and hepatocellular
carcinoma (HCC) development, it is conceivable
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to think that a similar ecological correlation might
exist between HCV infection and a major risk of
some extra-hepatic cancers in regions where the
prevalence of this pathogen is high in comparison
with geographical areas with a lower one. However,
to date, the possibility that this virus may be involved
in the carcinogenesis of organs other than liver has
been systematically investigated only for a very
limited number of malignancies. In particular, available
studies have been mainly focused on hematopoietic
malignancies and on cholangiocarcinomas, also on
the basis of some epidemiological observations,
reporting a major risk of mixed cryoglobulinemia and
[250]
monoclonal gammopathy in HCV positive patients
as well as of a higher incidence of cholangiocarcinoma
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Table 10 Main findings of studies concerning the association between hepatitis C virus infection and cholangiocarcinomas with no
complete data or not reported as full-text
Studies (First author/Journal/
Year of publication)
Choi D J Hepatology 2006

Jarnagin WR Cancer 2002

Liu X Zhonghua Wai Ke Za
Zhi 2002

Study title

Main findings

Study conclusion

Cholangiocarcinoma and Clonorchis
sinesis infection: A case-control study in
Korea
Combined hepatocellular and
cholangiocarcinoma: demographic,
clinical, and prognostic factors

Assessment of Clonorchis sinensis
role in the risk of developing CCA,
including extrahepatic CCA
No distinction between HBV/HCV
infected patients

Pathogenesis of hilar
cholangiocarcinoma and infection of
hepatitis virus

Full-text in Chinese

HCV infection detected in 1/51 (2%)
patients in CCA group and 1/51 (2%) in
control gorup
The demographic and clinical features
of patients with combined tumors were
most similar to those of patients with CC.
Most important, combined tumors were
not found to be associated with chronic
liver disease
HCV-core protein may play an
important role in the pathogenesis of
hilar cholangiocarcinoma. HCV-infected
patients with hilar cholangiocarcinoma
infected may have a high grade
malignancy and a poor prognosis
High rate of HCV-RNA detection in
CCA cases, mainly in Chinese patients as
compared to United States subjects
2/11 HCV seropositive Japanese patients
with cholangiocarcinoma
No possible assessment of significant
association between HCV infection and
ICC or ECC
High rate of HCV-RNA detection in
CCA cases

Lu H Chin Med J (Engl) 2000

Detection of hepatitis C virus RNA
sequences in cholangiocarcinomas in
Chinese and American patients
Shirakawa H Hokkaido Igaku
Analysis of hepatitis C virus (HCV)
Zasshi 1996
genotypes in hepatocellular carcinoma
Tao LY Liver International
Risk factors for intrahepatic and
2009
extrahepatic cholangiocarcinoma: a casecontrol study in China
Yin F Chin Med J (Engl) 1998
Detection of hepatitis C virus
RNA sequences in hepatic portal
cholangiocarcinoma tissue by reverse
transcription polymerase chain reaction
Zhang H Zhonghua Bing Li
Detection of hepatitis B virus DNA
Xue Za Zhi 1996
and hepatitis C virus RNA in human
hepatocellular carcinoma by polymerase
chain reaction
Zou SQ Zhonghua Wai Ke Za
The retrospective analysis of HBV and
Zhi 2003
HCV infection in cholangiocarcinoma

Only 12 patients included

Full-text in Japanese
Shortage of information on HCV
infection
Only 6 patients included

Full-text in Chinese

HCV may play an important role in
hepatic carcinogenesis because of its high
positive rate

Full-text in Chinese

The HCV infection is associated with
hilar cholangiocarcinoma, in particular
with the proximal bile duct. The hilar
cholangiocarcinoma in HCV-infected
patients presents higher malignant
degree and a poor prognosis

Table 11 Characteristics of available meta-analyses, reported in English, assessing the association between hepatitis C virus infection
and cholangiocarcinoma
First author

Title

Number
of studies
considered

Main conclusion

Matching
factors
considered

Epidemiology of cholangiocarcinoma: An update
focusing on risk factors

11

NR

Are common factors involved in the pathogenesis
of primary liver cancers? A meta-analysis of risk
factors for intrahepatic cholangiocarcinoma
Zhou Yanming, Hepatitis viruses infection and risk of intrahepatic
2012
cholangiocarcinoma: evidence from a metaanalysis

8

HCV infection is associated with an increased risk
for CCA, but its possible role in development of this
malignancy requires further investigation
HCV infection is associated with an increased risk for
intrahepatic cholangiocarcinoma
HCV infection is associated with an increased risk of
ICC

NR

Shin HR, 2010

Palmer WC,
2012

16

NR

NR: Not reported; HCV: Hepatitis C virus.

and other types of human cancer other than liver in
[251]
subjects with cirrhosis, irrespective of etiology
.
In this study, enrolled patients suffered from
alcoholic-, primary biliary-, and chronic-hepatitis-
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related cirrhosis, whereas in a group of patients
the causes of this pathological condition were nonspecified. Unfortunately, no detailed information was
available, concerning the HCV status in the cohort of
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Table 12 Main findings of available studies, not reported in English, evaluating hepatitis C virus infection and pancreatic cancer
risk (A) and characteristics of studies, reported in English, assessing hepatitis C virus infection and pancreatic cancer risk, with no
complete data or not reported as full-text (B)
Studies (First author/Journal/Year
of publication)
(A)
Hong SG, 2010 Korean J Hepatol
2010; 16: 1
Xu P, 2011 Cancer (Chinese J) 2011;
31: 653-657 (52)
(B)
Fang Zhu Asian Pacific J Cancer Prev
2011

Study title

Main findings

Study conclusion

The relationship between hepatitis B virus
infection and the incidence of pancreatic
cancer: a retrospective case-control study
Risk factors for pancreatic cancer: a casecontrol study

Full-text in Korean

Absence of significant association
between anti-HCV positivity and
pancreatic cancer
Absence of significant relationship
between anti-HCV positivity and
pancreatic cancer

Full-text in Chinese

Chronic hepatitis virus infection and
pancreatic cancer: a case-control study in
southern China

No detailed description of
number of patients with HCVinfection in case- and control
group

Increased prevalence of anti-HCV
antibodies in patients with pancreatic
cancer

HCV: Hepatitis C virus.

Table 13 Characteristics of available meta-analyses, reported in English, assessing the association between hepatitis C virus infection
and pancreatic cancer risk
First author/
Country
Fiorino S, 2013
Italy

Xing S, 2013
China
Xu JH, 2013
China

Title

Number of studies
considered

Main conclusion

Association between hepatitis B or
hepatitis C virus infection and risk of
pancreatic adenocarcinoma development:
a systematic review and meta-analysis

Adjustment for
diabetes, alcohol,
cigarette

3 studies available for
No statistically significant relationship
assessment of HCV between anti-HCV positivity and PAC risk,
infection and PAC risk although a borderline value was detected
in this comparison (RR = 1.16 (95%CI:
0.99-1.3)
Chronic hepatitis virus infection increases 7 studies included for
Higher PAC risk in anti-HCV positive
the risk of pancreatic cancer: a metaassessment of HCV
patients: RR = 1.21 (95%CI: 1.02-1.44)
analysis
infection and PAC risk
Hepatitis B or hepatitis C virus infection
5 studies available for Higher risk of pancreatic cancer in subjects
and risk of pancreatic cancer: a metaassessment of HCV
with past-exposure to HCV: RR = 1.26
analysis of observational studies
infection and PAC risk
(95%CI: 1.03-1.5)

YYY

YYY

YYY

HCV: Hepatitis C virus; PAC: Pancreatic cancer; Y: Yes.

Table 14 Characteristics of available studies, assessing the association between hepatitis C virus infection and breast cancer, not
considered and causes of exclusion
Studies (First author/
Journal/Year of
publication)
Bruno G Clin Ter 1999

Malaguarnera M Eur J Int
Medicine 2006

Study title

Main findings for exclusion

Study conclusion

Hepatitis C virus: a high risk factor for
Very small number of patients
a second primary malignancy besides
considered in the present study
hepatocellular carcinoma. Fact or fiction?
Hepatitis C virus in elderly cancer patients
No available information
concerning number of HCV
positive patients with breast
cancer

HCV could have played an important role
not only in the development of HCC but of
the second primary malignancy
No higher prevalence of breast cancer in
patients with HCV infection

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

subjects with persistent viral hepatitis. Even if this
observation was very interesting, it has not stimulated
the achievement of studies investigating specifically
the possible association between hepatitis viruses (in
particular HCV) and human cancers other than HCC.
Only in the last years this idea has gained interest
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an increasing number of trials have been designed
and carried out with the purpose. Nevertheless,
to date, few data are available yet and no final or
univocal conclusions may be drawn. However, putting
together the results of published studies on the
possible association between HCV and risk of NHLs,
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Table 15 Characteristics of available, assessing the association between hepatitis C virus infection and renal cancer, not considered
and causes of exclusion
Studies (First author/
Journal/Year of
publication)

Study title

Main findings for exclusion

Study conclusion

Macleod LC J Urol 2013 Risk Factors for Renal Cell Carcinoma in
No data on the type of viral hepatitis
A significant association of RCC with
the VITAL Study
infection reported in VITAL study
viral hepatitis
Bruno G Clin Ter 1999
Hepatitis C virus: a high risk factor for Very small number of patients considered HCV could have played an important
a second primary malignancy besides
in the present study
role not only in the development of HCC
hepatocellular carcinoma. Fact or fiction?
but of the second primary malignancy
RCC: Renal cell carcinoma.

Table 16 Characteristics of available studies, assessing the association between hepatitis C virus infection and oral or skin cancer,
not considered and causes of exclusion
Studies (First author/
Journal/Year of
publication)
Hunt J Laringoscope 2005

Study title

Main findings for exclusion

Study conclusion

Outcome Analysis of Patients with
Squamous Cell Carcinoma of the
Head and Neck and Hepatitis C
Virus

Duplicate

HCV positive with SCCHN patients have
not a worse outcome than their HCV
negative counterparts

SCCHN: Squamous cell carcinoma of the head and neck.

Table 17 Characteristics of available studies, assessing the association between hepatitis C virus infection and thyroid cancer, not
considered and causes of exclusion
Studies (First author/
Journal/Year of
publication)

Study title

Main findings for exclusion

Study conclusion

Antonelli A JAMA 1999

Thyroid cancer in patients with
hepatitis C infection

Duplicate

Montella M Int J Cancer
2000

Is HCV infection associated with
thyroid cancer? A case-control
study
HCV and cancer: a case-control
study in a high-endemic area
HCV in elderly cancer patients

Duplicate

Higher prevalence of thyroid cancer in a series of
patients with chronic hepatitis C infection in comparison
to no case in controls
Possible oncogenetic role of HCV for thyroid cancer,
possible association more detectable in countries with a
high prevalence of HCV
Expected increases not only in liver cancer, but also in
tumors associated with the immune system
No higher prevalence of thyroid cancer in patients with
HCV infection

Montella M Liver 2001
Malaguarnera M Eur J Int
Medicine 2006

Duplicate
No available information
concerning number of HCV
positive patients with thyroid
cancer

HCV: Hepatitis C virus.

cholangio-, pancreatic-, breast-, renal-, skin/oral- and
thyroid-cancers, the reports concerning the estimates
of prevalence of HCV infection worldwide as well as
the tables on the age-standardized incidence rates
of the mentioned malignancies per 100000 personyears in different geographical areas, some interesting
consideration may be made (Figures 2 and 3). Actually,
a clear correlation between regions of HCV prevalence
and risk of extra-liver cancers has emerged only for a
very small group of types and histological subtypes of
malignancies. In particular, HCV infection has resulted
to be associated with: (1) a higher incidence of some
B-cell NHLs types, in countries, where an elevated
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prevalence of this pathogen is detectable, accounting
to a percentage of about 10%. Furthermore, an
additional factor potentially confirming the causal
role between HCV and lymphomas, in particular
B-cell NHLs, is represented by the observation of
the regression of a significant percentage of lowgrade B-cell NHLs after HCV eradication by means of
an efficacious antiviral treatment. Early evidences,
concerning this assumption, date back to the end of
Twentieth Century with anecdotal reports and the
beginning of the following Century, when further
studies, enrolling a wider number of patients, were
[252]
carried out for the first time ; and (2) an increased
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risk of intra-hepatic cholangiocarcinoma development
in subjects with anti-HCV positivity, as reported by
a large number of available studies with OR ranging
from 3.42 to 4.84. According to an epidemiological
view-point, it has to be considered the following
evidence: liver flukes are associated with an increased
risk both for ICC and ECC, but in endemic-nations
(such as Taiwan, Singapore and Korea) and in other
Eastern areas with low rates of this type of infection,
the incidence of ICC is more elevated in comparison
with ECC. On the other hand, in the western areas
ECC incidence is higher than that of ICC. Taking into
account HCV epidemiology, the prevalence of this virus
presents a wide variability worldwide. More elevated
percentages are detectable in developing areas, such
as in South-Eastern-Asia and Egypt, intermediate ones
in Southern Europe and the lowest ones in Northern
Europe and America. Therefore, a correlation between
HCV prevalence and ICC incidence seems to emerge
from these observations.
Concerning the possible association between
the infection caused by this hepato-tropic virus,
surprisingly, although a higher risk of PADC in HCVpositive patients has been observed in some trials
and it has been reported in the available metaanalyses, age-standardized rates of this cancer present
interesting geographical variations. In particular,
PADC incidence worldwide is 3-4 times higher in
more economically developed countries as well as in
northern area of the world, where HCV prevalence is
lower in comparison with less developed countries.
Different reasons may explain these results, including
the accuracy of diagnostic methods used to diagnose
pancreatic malignancies in distinct geographical
regions worldwide and of data to assess the rates of
incidence of PDAC. However, it is well-known that on
the basis of a morphogenetic viewpoint, pancreas and
liver share several characteristics in their embryological
development, arising from common multi-potent cells
of endoderm origin. Therefore, HCV might replicate
[253,254]
also in pancreatic cells as it does in hepatocytes
.
Furthermore, according to epidemiological studies,
[255,256]
type 2 diabetes represents a risk factor for PAC
with chronic hyperglycemia and hyperinsulinemia as
proposed pathogenetic mechanisms involved in the
promotion of this type of malignancy. Both conditions
may induce proliferation, decrease apoptosis
and promote invasion ability of pancreatic cancer
[257-259]
cells
. A recent and interesting systematic review
and dose-response meta-analysis, assessing blood
glucose concentration and risk of pancreatic cancer,
has shown that every 0.56 mmol/L (10 mg/dL)
increase in fasting blood glucose , a 14% enhancement
[260]
in the rate of PADC occurs
. On the other hand, it
is now accepted that HCV infection is associated with
[261,262]
an increased risk of type 2 diabetes
. Therefore,
HCV infection, promoting and diabetes might act in
cooperation with hyperinsulinemia, hyperglycemia
in the promotion of PAC. This consideration may
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contribute to explain the epidemiological evidence of
a more elevated incidence of this cancer in the most
economically developed countries, where high rates
of obesity, metabolic syndrome and diabetes are
observed, in comparison with less developed regions in
the world.
On the other hand, up to now no definitive and
univocal conclusions may be obtained from the
analysis of relationship between HCV and breast-,
renal-, skin/oral- and thyroid-cancers. Most of the
available studies, in particular a large part of cohort
trials, have not confirmed the existence of these
associations. However, the lack of similar evidences
may be only apparent and some elements potentially
limiting the conclusions of these reports have to be
taken into account. In particular, most of available data
have been obtained from some retrospective cohorttrials. Although the large size and the lengthy followup of this type of research provides the statistical
power to obtain adequate information on cancer
risk in the investigated population, the retrospective
nature of these studies has to be considered. The use
of routinely collected administrative data, based on
population registries may represent a potential limiting
factor in these trials. Possible errors in diagnosis, in
codes of cancers or infective diseases and in reported
data may affect the hospitalization records in some
case/control subjects as well as the possibility that
in several countries worldwide only a part of general
population is included in national cancer registry may
influences the obtained results. In addition, some of
these trials have evaluated the incidence of a wide
spectrum of malignancies and they have been not
designed to assess a specific type of human tumors.
It has to be also underlined that, according to agestandardized incidence rates of these neoplasms,
remarkable temporal changes in human cancer trends
have been observed worldwide. The combined analysis
of these figures, as performed some years ago for
HCV-related liver cancer, has induced some authors to
hypothesize a possible role of HCV in the development
of these malignancies. For example, in Japan, Tanaka
et al have examined temporal trends for HCC incidence
rates in a period ranging from 1981 and 2003 in Osaka
Prefecture. They provided an explanation in the context
of HCV infection rates. According to these findings,
they noted that in that span of time the incidence
peak of HCC was detectable in men during their 50s,
60s and 70s of age in 1986, 1995 and 2000 and then
it was progressively decreasing. He postulated that
the observed trend was due to the restriction of virus
[263]
transmission
. As previously suggested, it should
be taken into account that an enhanced incidence
of ICC has been observed in the most developed
regions in the years, ranging from 1980 to 2000, has
been considered as caused by the parallel increase
of HCV infection in these areas. This hypothesis
[264]
has been definitively shown in United States
.
In addition, the relationship between HCV and risk
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of ICC has been assessed in patients with different
degree of hepatic damage. It has been demonstrated
that the probability of ICC development increases
[167]
as the hepatic damage impairs
. Furthermore, a
previous Italian research had suggested that HCV
might have a role in thyroid cancer. This represents a
rather rare malignancy, but its standardized incidence
ratio has progressively increased between the end
of ‘80s and the beginning of ‘90s in several welldeveloped countries, including Italy. In this country,
in the same period of time an increasing prevalence
[247]
of HCV infection was observed
. Unfortunately,
no additional trials have been performed, with the
purpose to assess the possible impact of HCV infection
worldwide on the age-standardized incidence rates
of the aforementioned malignancies in different
geographical areas and to distinguish the potential
contribution of this pathogen as pro-carcinogenic
agent from other risk factors. Therefore this field of
research still remains largely unexplored. In addition,
it has to be taken into account that HCV represents
a common cause of cirrhosis development and this
condition itself is a well-known independent risk factor
for the development of a wide spectrum of human
malignancies different from liver. Several mechanisms
may be responsible for carcinogenetic role of this
pathogen. It may act indirectly as well as directly.
Both these activities have been proposed for this
virus and plausible evidences reported in literature.
To date the existence of an indirect action of this
microorganism is the most convincing pathogenic
mechanism. In particular, as widely reported for
liver, HCV might promote in extra-hepatic organs a
persistent inflammation and induce the cancerous
transformation, as a consequence of a progressive
rearrangement of their structure. This event might
play a role in the development of all the types of the
aforementioned malignancies and not only involved in
hepatic carcinogenesis. This process is characterized
by the interaction and the cooperation among viralrelated proteins, homing-cells (specific-tissue-cells,
depending on the considered organ, endothelial cells,
and stem cells), not homing cells (lymphomononuclear
and polymorfonuclear specific and nonspecific cells),
cytokines, costimulatory molecules and additional
biological mediators (i.e., PGs and oxidants). This
situation promotes a self-maintaining and amplifying
loop, in which HCV stimulate, in turn, PGE2, enzymes
(such as cyclo-oxygenase-2 or COX-2), growth factors,
interleukins production and cellular signaling pathway
function. The complex cooperation and interaction
among these mediators is one of the main factors
responsible for final outcome: viral control with
recovery or its persistence in the infected-organs,
with progressive development of a tissue necroinflammatory process, potentially evolving toward
malignant transformation. Presence of inflammation
favours genetic instability in cells and increases the
probability which further genetic and epigenetic
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alterations arise. Perturbance of homeostasis in adultcells may re-modulate activity and expression of
genes as well as of transcription factors that govern
their regeneration and/or differentiation programs as
well as the processes involved in energy production.
In addition, alteration of function of some intracellular
pathways, such as K-RAS, Hedgehog-, Jak-STAT-,
Notch-and TGF-β signalling-cascades, may also play
a key role in carcinogenesis. In particular, this events
may be induced not only by inflammation itself, but
also by the direct action of some viral proteins such
as: core- and NS5A on the intracellular cascades
pathways function. These viral elements may affect the
levels of activities of the afore-mentioned signallingcascades and contribute to deregulation of cell-cycle
checkpoint controls. To date a few studies have been
performed with the aim to specifically investigate the
pathogenetic mechanisms, potentially involved in the
development of extra-liver malignancies in anti-HCV
positive patients. The majority of reports upon this
topic concerns lymphoproliferative malignancies. A
study has described an increased expression of genes
associated with lymphomagenesis in peripheral blood
[265]
B cells of chronic HCV positive patients .
Furthermore, it has been shown that the telomere
deletion of 1p36.3 in B-cell NHLs is significantly more
frequent in patients with HCV infection in comparison
[266]
with anti-HCV negative individuals . Deletion of the
1p36 genomic locus is associated with the loss of p73,
a tumour suppressor gene, that may be inactivated
[267,268]
both in lymphomas and in other human cancers
.
On the basis of available studies, this topic is pro
gressively acquiring an increasing importance, but
to date only some definitive conclusions have been
obtained, while a large number of questions still
remain unanswered. Further well-designed trials,
enrolling an adequate number of patients as well as
focusing on populations of different geographical areas
and involving larger series of patients are required to
confirm or deny this association as well as to identify
the pathogenetic mechanisms, potentially involved in
HCV-associated human carcinogenesis.
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Abstract
AIM: To compare the effectiveness of hybrid therapy
with other recommended regimens using metaanalysis.
METHODS: Bibliographical searches for randomized
trials comparing hybrid and other therapies were
performed in pubmed, the Cochrane Library and
relevant congresses up to February 2015 using
the following keywords (all fields and/or MeSH):
(“Helicobacter pylori ” or “ H. pylori ”) and (“hybrid
therapy” or “sequential-concomitant therapy”). Metaanalyses were performed with Cochrane Review
Manager 5.1. The random effect model proposed
by DerSimonian and Laird and the Mantel-Haenszel
method were used to estimate the pooled relative risk
and 95%CI of the efficacy outcomes between hybrid
therapy and other eradication therapies.
RESULTS: Eight studies (2516 subjects) met entry
criteria. The antimicrobial resistance in the study groups
ranged from 6.9% to 23.5%. The mean cure rates
of hybrid therapy by intention-to-treat (ITT) and perprotocol analyses were 88.5% (n = 1207; range: 80.0%
to 97.4%) and 93.3% (n = 1109; range: 85.7% to
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99.1%), respectively. Meta-analysis showed there was
no significant difference in ITT eradication rate between
hybrid and sequential therapy (relative risk: 1.01;
95%CI: 0.92-1.11). Subgroup analysis revealed hybrid
therapy was more effective than sequential therapy
in the non-Italian populations (95%CI: 1.01-1.18)
and was only less effective in one, Italian population
(95%CI: 0.83-0.98). There was no significant difference
in eradication rate between hybrid therapy and
concomitant therapy (95%CI: 0.93-1.02). No head-tohead comparisons of hybrid therapy and standard triple
therapy or bismuth quadruple therapy were found.
However, a multicenter, randomized trial showed that
reverse hybrid therapy was superior to standard triple
therapy (95.5% vs 88.6% ITT; P = 0.011).
CONCLUSION: Hybrid therapy appears to be an
effective, safe, and well-tolerated treatment for H.
pylori infection in the era of increasing antibiotic
resistance.
Key words: Helicobacter pylori ; Concomitant therapy;
Hybrid therapy; Sequential therapy; Triple therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article is aimed to review current
evidences of hybrid therapy for Helicobacter pylori
infection. The mean cure rates of hybrid therapy
by intention-to-treat and per-protocol analyses
were 88.5% and 93.3%, respectively. Meta-analysis
showed that hybrid therapy was more effective than
sequential therapy in the non-Italian population. In
contrast, it was less effective than sequential therapy
in the Italian population. There was no significant
difference in eradication rate between hybrid therapy
and concomitant therapy. Reverse hybrid therapy is a
new one-step tow-phase treatment, achieving a higher
eradication rate than standard triple therapy with
similar tolerability and less pharmaceutical cost.
Hsu PI, Lin PC, Graham DY. Hybrid therapy for Helicobacter
pylori infection: A systemic review and meta-analysis. World J
Gastroenterol 2015; 21(45): 12954-12962 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12954.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12954

INTRODUCTION
Helicobacter pylori (H. pylori) treatment continues
to be a challenge for physicians as antimicrobial
resistance has continued to increase worldwide in
part due to overuse of antibiotics in medicine and
[1]
agriculture . While many international guidelines
still recommend standard triple therapy as a firstline therapy they often include a caveat about the
[2-4]
problem of increasing clarithromycin resistance .
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Several recent large clinical trials and meta-analyses
have shown that the eradication rate of standard
triple therapy has generally declined to unacceptable
levels (i.e., 80% or less) with some European studies
[5-7]
reporting failure rates of 25%-60%
. Several
strategies including bismuth-containing and nonbismuth-containing quadruple therapies (including
sequential, concomitant and hybrid therapies) have
been shown to produce acceptable cure rates in the
[8-10]
presence of clarithromycin resistance
.
The standard hybrid regimen is functionally a
combination of sequential therapy and concomitant
therapy as it consists of a proton pump inhibitor
(PPI) and amoxicillin for 10-14 d with the addition
of clarithromycin and metronidazole for the final 7 d
[11]
(i.e., a 2 + 4 regimen) (Figure 1). The original study
produced an eradication rate of 99.1% (95%CI:
97.3%-100.9%) by per-protocol (PP) analysis and
97.4% (95%CI: 94.5%-100.3%) by intention-to-treat
(ITT) analysis. Several subsequent randomized trials
confirmed that hybrid regimens were either comparable
[12-15]
with or more effective than sequential therapy
.
A recent large multicenter randomized trial in areas
with high clarithromycin and metronidazole resistance
confirmed that both 14-d hybrid and concomitant
therapies cured more than 90% of H. pylori in
[16]
fections . Additionally, a recent clinical trial from
Taiwan tested the efficacy of a 12-d reverse hybrid
therapy (a 4 + 2 regimen) (Figure 1) and achieved
grade A success (≥ 95% cure rate) in an area with
moderately high clarithromycin resistance (13%) and
[17]
high metronidazole resistance (31%) . Recent expert
recommendations have proposed hybrid therapy as a
treatment option for H. pylori in areas with moderate
[1,18,19]
or high clarithromycin resistance
.
This article reviewed the efficacy of hybrid therapy
in the treatment of H. pylori infection and compared the
treatment success of hybrid and other recommended
regimens.

MATERIALS AND METHODS
Search strategy and data analysis

Bibliographical searches were performed in PubMed
and the Cochrane Library up to February 2015 using
the following keywords (all fields and/or MeSH):
(“Helicobacter pylori” or “H. pylori”) and (“hybrid
therapy” or “sequential-concomitant therapy”). Articles
published in any language were included. Reference
lists from the trials selected in the electronic search
were hand-searched to identify further relevant trials.
We also conducted a manual search of abstract from
the scientific meetings of the International Workshop
of the American Digestive Disease Week, the United
European Gastroenterology Week, the European
Helicobacter Study Group and the Asian Pacific
Digestive Week. Abstracts of the articles selected
in each of these multiple searches were assessed
by two reviewers. In case of duplicate reports or

12955

December 7, 2015|Volume 21|Issue 45|

Hsu PI et al . Hybrid therapy for H. pylori eradication
Hybrid therapy
PPI

10-14 d

Amoxicillin

1g

b.d.

10-14 d

Clarithromycin

500 mg

b.d.

7d

Metronidazole

500 mg

b.d.

7d

Reverse hybrid therapy
PPI

10-14 d

Amoxicillin

1g

b.d.

10-14 d

Clarithromycin

500 mg

b.d.

7d

Metronidazole

500 mg

b.d.

7d

Standard triple therapy
PPI

7-14 d

Amoxicillin

1g

b.d.

7-14 d

Clarithromycin

500 mg

b.d.

7-14 d

Sequential therapy
PPI

10 d

Amoxicillin

1g

b.d.

5d

Clarithromycin

500 mg

b.d.

5d

Metronidazole

500 mg

b.d.

5d

Concomitant therapy
PPI

7-14 d

Amoxicillin

1g

b.d.

7-14 d

Clarithromycin

500 mg

b.d.

7-14 d

Metronidazole

500 mg

b.d.

7-14 d

Figure 1 Regimens of hybrid therapy, reverse hybrid therapy and other first-line anti-Helicobacter pylori therapies (standard triple therapy, sequential
therapy, and concomitant therapy). Standard hybrid therapy consists of a proton pump inhibitor and amoxicillin for 10-14 d, with addition of clarithromycin and
metronidazole for the final 7 d; reverse hybrid therapy consists of a proton pump inhibitor and amoxicillin for 10-14 d, with addition of clarithromycin and metronidazole
for the initial 7 d. PPI: Proton pump inhibitor.

studies obviously reporting results from the same
study population, only the published results with
largest numbers of cases were retrieved. All articles
included were randomized controlled trials. All patients
were H. pylori treatment naïve and had not used
antibiotics or bismuth citrate in the preceding month.
Nonrandomized studies were excluded, as were case
reports, letters, editorials, commentaries, reviews, and
abstracts with insufficient details to meet the inclusion
criteria.

statistical analysis

Meta-analyses were performed with Cochrane Review
Manager 5.1. [Review Manager (RevMan) (Computer
program), Version 5.1, Copenhagen: the Nordic
Cochrane Centre, the Cochrane Collaboration, 2011].
The random effect model proposed by DerSimonian
[20]
[21]
and Laird
and the Mantel-Haenszel method
were used to estimate the pooled relative risk and
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95%CI of the efficacy outcomes between hybrid
therapy and other eradication therapies from eligible
studies. The Mantel-Haenszel method was used for
within-study variance and the DerSimonian and Laird
method was used for incorporating both within-study
and between study variances. Heterogeneity was
assessed using Cochran’s Q statistics and quantified
2
[22]
2
using the I statistics . I statistic represented the
percentage of total variation attributable to between2
study heterogeneity rather than sampling error. I
values of approximately 25%, 50%, and 75% were
considered as representing low, moderate, and high
heterogeneity, respectively.

RESULTS
Rationale for use and histological perspective of the
hybrid therapy

In populations with low to absent clarithromycin
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metronidazole 500 mg twice daily for the final 7 d. The
population studied had a clarithromycin resistance of
6.9% and metronidazole resistance rate of 31.0%. The
eradication rates with PP analyses were similar: 95.0%
for 10-d, 95.1% for 12-d, and 93.4% for 14-d hybrid
[27]
therapies . These results suggested that in contrast
to sequential therapy, hybrid therapy was highly
successful despite a high prevalence of metronidazole
resistance.
Switching drugs halfway through the course
increases the complexity of hybrid therapy. Reversing
the sequence of drug administration of hybrid therapy
simplifies the treatment and makes it become a onestep two-phase therapy (Figure 1). The study group
therefore tested the efficacy of 12-d reverse hybrid
[17]
therapy (i.e., 4 drugs followed by 2 drugs) . The 12-d
reverse hybrid therapy achieved an eradication rate of
95.5% (191/200) and 95.9% (186/194) by intentionto-treat and per-protocol analysis, respectively in a
population with 13% clarithromycin resistance and
32% metronidazole resistance.

Articles or abstracts from biographical searches
(n = 41)

Articles or abstracts excluded
(n = 4)
Irrelevant to Helicobacter pylori
Treatment: 4
Irrelevant to hybrid therapy: 0

Articles or abstracts relevant to Helicobacter pylori
and hybrid therapy
(n = 37)

Articles or abstracts excluded
(n = 29)
Review articles: 22
Observation studies: 0
Editorial: 1
Letters: 0
Duplicate reports: 6

Efficacy of the hybrid regimen for eradication of H.
pylori

Articles or abstracts met inclusion criteria
(n = 8)

Figure 2 Identification of eligible articles or abstracts.

resistance, all modern clarithromycin regimens
containing either 3 or 4 drugs reliably achieve cure
rates of 90% or greater if given for 7 or more days.
However, clarithromycin resistance compromises the
efficacy of standard triple therapy and a number of
studies have shown that sequential therapy (i.e.,
a PPI plus amoxicillin for 5 d followed by a PPI plus
clarithromycin and metronidazole or a 2 + 3 regimen)
was more effective than standard triple therapy in
[23]
areas of high clarithromycin resistance . However in
regions with high levels of metronidazole resistance
the success rate with sequential therapy falls off
[24-26]
significantly
. As there was no clear rationale
for dropping the amoxicillin during the final portion
of sequential therapy, a group of investigators from
Taiwan and the United States examined whether
continuing the amoxicillin through the second phase
(i.e., making a 2 + 4 regimen from sequential’s 2 +
[11]
3 regimen) would increase the cure rate . The initial
study showed that 14-d hybrid therapy (a PPI plus
amoxicillin for the first 7 d followed by a quadruple
regimen with a PPI plus amoxicillin, clarithromycin
and metronidazole for the final 7 d) achieved > 95%
H. pylori eradication in a population with a low rate of
clarithromycin resistance (7.0%). They then evaluated
whether the duration of hybrid therapy could be
[27]
reduced while maintaining a high eradication rate .
They randomized 220 H. pylori-infected subjects to
10-d, 12-d, or 14-d hybrid therapies consisting of
esomeprazole 40 mg and amoxicillin 1 gm twice daily
for 10, 12, or 14 d plus clarithromycin 500 mg, and
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Our initial search yielded 41 citations (Figure 2).
Of these, four were excluded because they were
irrelevant to H. pylori infection. Twenty-two review
articles, one editorial and six duplicate reports were
[11-17,27]
also excluded. Eight randomized controlled trials
were eligible for analysis. These eight studies were
performed in Asia and Europe with clarithromycin,
amoxicillin and metronidazole resistances ranging
from 6.9% to 23.5%, 0% to 1.8% and 20.7% to
56.1%, respectively. Similar hybrid regimens were
prescribed, with minor modifications, namely, the PPI
used (esomeprazole, pantoprazole, and omeprazole),
the nitroimidazole (metronidazole or tinidazole), the
duration (between 10 and 14 d) and the sequence
of drug administration (standard hybrid or reverse
hybrid). The eradication rates in different geographic
areas ranged from 85.7% to 99.1% by per-protocol
(PP) analysis with of mean H. pylori cure rate of
93.3% (n = 1109; 95%CI: 91.8%-94.8%). The mean
cure rate ITT was 88.5% (n = 1207; range: 80.0% to
97.4%; 95%CI: 86.7%-90.3%).

Adverse effects and compliance

The prevalence of adverse effects of hybrid therapy
[11-17,27]
ranged from 9.0% to 47.1%
. Overall, the mean
prevalence of adverse effects was 24.7% (95%CI:
22.3%-27.1%). The profiles and frequencies of adverse
events are listed in Table 1. The most frequent adverse
effects were abdominal pain (1.4%-12.8%), diarrhea
(0.5%-11.6%), taste perversion (1.0%-18.1%) and
headache (0.5%-12.9%). Most adverse events were
mild to moderate in severity. The frequency of adverse
effects required the interruption of therapy was 3.6%
(95%CI: 2.5%-4.6%; range: 2.0%-6.7%). In general,
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to the regimen has also proven to be a significant
predictor of successful eradication with hybrid therapy
with cure rate of 91% and 50% in patients with
[16]
compliance ≥ 80% and < 80%, respectively . The
cure rate achieved by hybrid therapy was also not
significantly affected by the type of gastrointestinal
disease (peptic ulcer vs non-ulcer dyspepsia),
[11,17,26]
smoking, and CYP2C19 genotype
.

Table 1 List of adverse events reported in patients treated
with the hybrid regimens
Adverse events

Frequency

Abdominal pain
Diarrhea
Constipation
Taste perversion
Headache
Dizziness
Nausea
Vomiting
Skin rash

1.4%-12.8%
0.5%-11.6%
0%-8.6%
1.0%-18.1%
0.5%-12.9%
1.9%-5.1%
1.8%-7.5%
0.5%-7.1%
0%-2.9%

Comparison of hybrid therapy and sequential therapy

hybrid therapy was well tolerated. The overall good
compliance rate was 96.2% (95%CI: 95.1%-97.3%;
range 93.8%-98.8%).

Factors influencing the eradication rate of hybrid
therapy

Antimicrobial resistance is a key factor determining
[25,28-32]
H. pylori eradication rates
. Clarithromycin resis
tance negates the effect of clarithromycin reducing
triple therapy to dual PPI amoxicillin therapy. A metaanalysis showed that with standard triple therapy
clarithromycin resistance was associated with an
average decline in eradication rate of approximately
[29]
60% . Clarithromycin resistance also reduces the
efficacy of sequential therapy but markedly less than
with standard triple therapy likely because of the
addition of a forth antimicrobial, metronidazole. A
recent meta-analysis showed the overall eradication
rate of sequential therapy in patients harboring strains
resistant to clarithromycin was 72.8% (95%CI:
[32]
61.1%-82.8%) . With regard to hybrid therapy,
[11,16,17,27]
four recent prospective studies
reported
that clarithromycin resistance had less effect on
eradication rate of the new therapy [i.e., susceptible
= 99.1% (105/106) and resistant = 85.7% (12/14)],
respectively. This difference did not achieve statistical
significance but the number of strains with resistance
was small. Importantly, the effect of metronidazole
resistance on the efficacy of hybrid therapy also
appeared minor 100% (68/68) and 94.2% (49/52)
for clarithromycin-sensitive and resistant strains,
respectively.
Sequential therapy is ineffective in patients with
[23]
dual resistance (clarithromycin and metronidazole) .
[33]
Recently, Wu et al
investigated the effect of
dual resistance on the efficacy of sequential and
concomitant therapies and reported that it did not
significantly influence the effectiveness of concomitant
therapy. Overall, the number of clarithromycin- and
metronidazole-dual resistant strains exposed to 14-d
hybrid therapy was low (only 14 in the four studies
with 10 being successfully eradicated). An accurate
determination of the efficacy of hybrid therapy in dual
resistant strains will require additional studies.
As with all antimicrobial therapies, good adherence
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Head-to-head comparisons of hybrid therapy and
sequential therapy has been performed in 5 rando
[11-15,34]
mized trials
. A prospective randomized trial
from Iran (a country with a high rate of clarithromycin
and metronidazole resistance) demonstrated that
14-d hybrid therapy was superior to 10-d sequential
therapy either by ITT (89.5% vs 76.7%, P = 0.001)
[12]
or PP analyses (92.9% vs 79.9%, P = 0.001) . The
other four randomized controlled trials were done
in populations with lower frequencies of resistance
and reported comparable cure rates with hybrid and
[11,13-15]
sequential therapies
.
In all, 627 patients were treated 14-d hybrid
therapy compared with 617 patients treated with
sequential therapy lasting 10 or 14 d. Meta-analysis
shows no significant differences in ITT eradication
rate between 14-d hybrid and 10- to 14-d sequential
therapy (Figure 3; pooled relative risk: 1.01; 95%CI:
0.92-1.11). Because high heterogeneity was noted
2
between studies (I = 80%, P = 0.0005), we further
performed subgroup analyses according to different
geographic regions and treatment duration. The
relative risk of eradication rate with ITT analysis was
significantly different between the Italian and nonItalian populations (subgroup interaction test, P =
0.0010). The hybrid therapy was more effective than
sequential therapy in the non-Italian population (mean
results: 89.9% vs 81.7%; relative risk = 1.09; 95%CI:
1.01-1.18; Figure 3). In contrast, hybrid therapy was
less effective than sequential therapy in the Italian
population (mean results: 81.5% vs 90.5%; relative
risk = 0.90; 95%CI: 0.83-0.98). The PP analysis
yielded similar results in the comparison of hybrid
and sequential therapy for non-Italian populations
(relative risk = 1.09; 95%CI: 1.01-1.18) with no
significant difference in eradication rates between the
two treatments in the Italian population (relative risk
= 0.98; 95%CI: 0.90-1.08) by PP analysis. Possible
explanations for the discrepancies included different
antibiotic resistances of H. pylori strains, different
treatment durations of sequential therapies, or variable
adherence to the protocols.
With regard to the analysis by different treatment
durations, there was a borderline significant trend
toward higher ITT eradication rate with 14-d hybrid
therapy (90.3%, 187/207) compared with 14-d
sequential therapy (86.6%, 188/217) with the
relative risk of 1.05 (95%CI: 1.00-1.11). However,
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Study or subgroup

Hybrid therapy

Sequential therapy

Risk ratio

Risk ratio

Events

Total

Events

Total

Weight

M-H, Random, 95%CI

M-H, Random, 95%CI

2.5.1 Non-italian population
Hsu 2011

114

117

113

123

23.6%

1.06 [1.00, 1.13]

Sardarian 2013

188

210

161

210

21.4%

1.17 [1.07, 1.27]

73

90

75

94

16.7%

1.02 [0.88, 1.17]

427

61.7%

1.09 [1.01, 1.18]

Oh 2014
Subtotal (95%CI)

417

Total events

375
2

349
2

2

Heterogeneity: Tau = 0.00; χ = 4.42, df = 2 (P = 0.11); I = 55%
Test for overall effect: Z = 2.10 (P = 0.04)
2.5.2 Italian population
De Francesco 2013

91

110

99

110

19.9%

0.92 [0.83, 1.02]

Zullo 2013

72

90

82

90

18.4%

0.88 [0.78, 0.99]

200

38.3%

0.90 [0.83, 0.98]

Subtotal (95%CI)

200

Total events

163
2

181
2

2

Heterogeneity: Tau = 0.00; χ = 0.31, df = 1 (P = 0.58); I = 0%
Test for overall effect: Z = 2.55 (P = 0.01)
Total (95%CI)

617

Total events

538
2

627

100.0%

1.01 [0.92, 1.11]

530
2

2

Heterogeneity: Tau = 0.01; χ = 19.80, df = 4 (P = 0.0005); I = 80%
Test for overall effect: Z = 0.18 (P = 0.85)
2

2

Test for subgroup differences: χ = 10.84, df = 1 (P = 0.0010), I = 90.8%

0.5

0.7

Favours sequential therapy

1

1.5

2.0

Favours hybrid therapy

Figure 3 Forest plot of hybrid therapy vs sequential therapy for Helicobacter pylori eradication; Estimates of odds ratio defined with the random effect
model with 95%CI using intention-to-treat analysis. The hybrid therapy was more effective than sequential therapy in the non-Italian population (relative risk = 1.09;
95%CI: 1.01-1.18). In contrast, the hybrid therapy was less effective than sequential therapy in the Italian population (relative risk = 0.90; 95%CI: 0.83-0.98).

there was no significant difference in eradication rate
between 14-d hybrid therapy (83.7%, 343/410) and
10-d sequential therapy (83.4%, 342/410) (95%CI:
0.94-1.17).
Regarding tolerance, hybrid and sequential the
rapies exhibited comparable frequencies of adverse
events (24.8% vs 24.4%, respectively) and drug
compliance (95.4% vs 96.3%, respectively).

Comparison of hybrid therapy and concomitant therapy

Concomitant therapy is a non-bismuth quadruple
therapy proven successful in the presence of
[9,25]
clarithromycin resistance
. It is a 4-drug regimen
containing a PPI, clarithromycin, amoxicillin and
metronidazole which are all given for the entire
duration of therapy. A meta-analysis of 15 studies
showed that a significant higher eradication rate
was achieved with concomitant therapy compared
to standard triple therapy in areas with high
[35]
clarithromycin resistance . A head-to-head noninferiority trial of 10-d sequential and 10-d concomitant
therapy showed they were equivalent (eradication
[33]
rate: 92.3% vs 93.0%, respectively) . From the
perspective of clinical practice, the concomitant
regimen is less complex than sequential or hybrid
regimen, which is a two-step therapy.
All three randomized trials comparing the efficacies
[13,14,16]
of hybrid therapy and concomitant therapy
showed that no differences in eradication rates,
either by ITT or PP analyses, between 14-d hybrid
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therapy and 14-d concomitant therapy. A study from
[14]
Italy
which compared markedly different durations
of therapy (14-d hybrid therapy vs 5-d concomitant
therapy) showed that 14-d hybrid therapy was
superior by PP analysis (95.7% vs 85.1%). However,
two meta-analyses of concomitant therapy reported a
significant effect of duration on treatment success with
[9,34]
concomitant therapy
such that the study had a
significant bias.
In all, 370 patients were treated with 14-d hybrid
therapy compared to 480 patients treated with
concomitant therapy lasting 5 or 14 d. According to
ITT analysis, the eradication rate was 85.4% (316/370;
95%CI: 81.8%-90.0%) for hybrid therapy and 86.3%
(414/480; 95%CI: 83.2%-89.4%) for concomitant
therapy lasting 5 or 14 d. As shown in Figure 4,
there was no significant difference in eradication
rate between 14-d hybrid therapy and 5 to 14-d
concomitant therapy with the pooled relative risk is 0.98
(95%CI: 0.93-1.02). When the analysis excluded the
5-d concomitant studies, results with 14-d hybrid and
14-d concomitant therapy were still similar (relative
risk = 0.97; 95%CI: 0.92-1.03).
Recently, a large multicenter randomized controlled
trial showed that there was a borderline significant
trend (P = 0.05) toward higher compliance with 14-d
hybrid therapy compared with 14-d concomitant
[16]
therapy (98.8% vs 95.2%) . In all, 14-d hybrid
therapy and 5- to 14-d concomitant therapy had
comparable compliance rates (95.9% vs 94.4%,
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Hybrid therapy
Study or subgroup

Risk ratio

Risk ratio

Total

Events

Total

Weight

M-H, Random, 95%CI

M-H, Random, 95%CI

153

170

156

170

49.5%

0.98 [0.92, 1.05]

91

110

95

110

17.5%

0.96 [0.86, 1.07]

280

67.0%

0.97 [0.92, 1.03]

Events

Concomitant therapy

3.2.1 14-d concomitant therapy
Molina Infante 2013
De Francesco 2013
Subtotal (95%CI)

280

Total events

244
2

251
2

2

Heterogeneity: Tau = 0.00; χ = 0.13, df = 1 (P = 0.72); I = 0%
Test for overall effect: Z = 0.87 (P = 0.39)
3.2.2 5-d concomitant therapy
De Francesco 2013

91

110

86

110

13.2%

1.06 [0.93, 1.21]

Zullo 2013

77

90

77

84

19.8%

0.93 [0.84, 1.04]

194

33.0%

0.99 [0.87, 1.12]

Subtotal (95%CI)

200

Total events

168
2

163
2

2

Heterogeneity: Tau = 0.00; χ = 2.29, df = 1 (P = 0.13); I = 56%
Test for overall effect: Z = 0.18 (P = 0.86)
Total (95%CI)

480

Total events

412
2

474

100.0%

0.98 [0.93, 1.02]

414
2

2

Heterogeneity: Tau = 0.00; χ = 2.33, df = 3 (P = 0.51); I = 0%
Test for overall effect: Z = 0.97 (P = 0.33)
2

0.5

2

Test for subgroup differences: χ = 0.04, df = 1 (P = 0.85), I = 0%

0.7

1

Favours concomitant therapy

1.5

2.0

Favours hybrid therapy

Figure 4 Forest plot of hybrid therapy vs concomitant therapy according to intention-to-treat analysis. There is no significant difference in eradication rate
between 14-d hybrid therapy and 5 to 14-d concomitant therapy with the pooled relative risk is 0.98 (95%CI: 0.93-1.02).

respectively) and frequencies of adverse events (34.4%
vs 37.1%, respectively).

Comparison of hybrid therapy and standard triple
therapy

Currently, there are no head-to-head studies comparing
the eradication rate of hybrid therapy and standard
triple therapy for H. pylori infection. However, the
current data are consistent with the hypothesis that
in regions with high clarithromycin resistance hybrid
therapy should be superior to triple therapy. Hsu et
al. recently conducted a multi-center, randomized
controlled trial to compare the efficacies of 12-d
reverse hybrid therapy and 12-d standard triple
therapy in an area of moderate clarithromycin resis
[17]
tance (10%) . The 12-d reverse hybrid therapy
achieved a higher eradication rate than 12-d standard
triple therapy (95.5% vs 88.6%) by ITT analysis. PP
analysis showed similar results (95.9% vs 88.5%). The
rates of resistance to clarithromycin, amoxicillin, and
metronidazole in that study were 10%, 0% and 25%,
respectively. As expected in the standard triple therapy
group, the patients with clarithromycin-resistant
strains had a lower eradication rate than those with
clarithromycin-susceptible strains (28.6% vs 90.0%).
In contrast, there were no significant differences in
eradication rates between patients with clarithromycinresistant and -susceptible strains (98.4% vs 100.0%)
in the hybrid therapy group.
The ideal first-line treatment for H. pylori infection

WJG|www.wjgnet.com

would be cheap and highly effective. The cost of the
drugs for 12-d reverse hybrid therapy in Taiwan is
nearly 6.8 dollars less than that for 12-d triple therapy
(i.e., $37.2 vs $44.0). The economic advantage is
further strengthened by the consideration that 12-d
reverse hybrid regimen is 6.9% more effective than
12-d standard triple therapy.

DISCUSSION
Recently, the eradication rates of standard triple
therapy have declined to less than 80% in many
countries, largely owing to antimicrobial resistance.
Several strategies including bismuth-containing
quadruple therapy and non-bismuth-containing
quadruple therapy (sequential, concomitant therapy
or hybrid therapy) have been proposed to increase the
eradication rates. Hybrid therapy is a novel therapeutic
approach based on a combination of sequential therapy
and concomitant therapy. More than 1200 patients
have been treated with this regimen. The metaanalysis in this study showed that hybrid therapy was
more effective than sequential therapy except in one
Italian population. That conflicting result may be due to
differences in antimicrobial resistances or in adherence
with the regimens by the patients. Both hybrid therapy
and concomitant therapy appear similarly highly
effective. In conclusion, hybrid therapy appears to be
an effective, safe, and well-tolerated treatment for H.
pylori infection despite increasing antibiotic resistance.
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Abstract
We present the case of a 53-year-old woman
with long-standing ulcerative colitis and severe,
steroid-dependent disease course unresponsive to
treatment with azathioprine, methotrexate, anti-TNF
antibodies (infliximab, adalimumab) and tacrolimus,
who refused colectomy as a therapeutic option. As
the pro-inflammatory cytokine interleukin-6 (IL-6)
had been identified as a crucial regulator in the
immunopathogenesis of inflammatory bowel diseases,
we treated the patient with biweekly intravenous
infusions of an anti-IL-6R antibody (tocilizumab) for
12 wk. However, no clinical improvement of disease
activity was noted. In fact, endoscopic, histological
and endomicroscopic assessment demonstrated
exacerbation of mucosal inflammation and ulcer
formation upon anti-IL-6R therapy. Mechanistic studies
revealed that tocilizumab treatment failed to suppress
intestinal IL-6 production, impaired epithelial barrier
function and induced production of pro-inflammatory
cytokines such as TNF, IL-21 and IFN-γ. Inhibition
of IL-6 by tocilizumab had no clinical benefit in this
patient with intractable ulcerative colitis and even led
to exacerbation of mucosal inflammation. Our findings
suggest that anti-IL-6R antibody therapy may lead
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to aggravation of anti-TNF resistant ulcerative colitis.
When targeting IL-6, the differential responsiveness
of target cells has to be taken into account, as IL-6
on the one side promotes acute and chronic mucosal
inflammation via soluble IL-6R signaling but on the
other side also strongly contributes to epithelial cell
survival via membrane bound IL-6R signaling.
Key words: Ulcerative colitis; Interleukin-6; Epithelial
barrier; Anti-interleukin-6R antibody; Inflammation;
Endomicroscopy; Apoptosis; Cytokines
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interleukin (IL)-6 is regarded as a proinflammatory cytokine in the immunopathogenesis
of inflammatory bowel diseases. Unexpectedly, this
first reported case describes that anti-IL-6R antibody
treatment led to aggravated inflammation in a severe
ulcerative colitis patient. Mechanistic studies revealed
that anti-IL-6R treatment failed to suppress intestinal
IL-6 production, impaired epithelial barrier function
and induced production of pro-inflammatory cytokines.
Our case report demonstrates that differential res
ponsiveness of target cells has to be taken into account
in therapeutic approaches, as IL-6 promotes mucosal
inflammation via soluble IL-6R signaling, but also
strongly contributes to epithelial cell survival via mIL-6R
signaling.
Atreya R, Billmeier U, Rath T, Mudter J, Vieth M, Neumann H,
Neurath MF. First case report of exacerbated ulcerative colitis
after anti-interleukin-6R salvage therapy. World J Gastroenterol
2015; 21(45): 12963-12969 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i45/12963.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i45.12963

INTRODUCTION
Ulcerative colitis (UC) is defined as a chronic relapsing
inflammatory bowel disease (IBD) that is pathologically
characterized by intestinal inflammation and epithelial
injury. Insights into the immunopathogenesis of UC
have implicated that pro-inflammatory cytokines are
critically involved in the induction and perpetuation of
[1]
the inflammatory process . Targeted anti-cytokine
therapies are therefore considered as an attractive
treatment option, which is best reflected by the advent
of anti-TNF antibodies as an efficacious treatment
[2]
option . Nevertheless, in the pivotal clinical trials for
anti-TNF agents in UC, the initial response rate was
approximately 60%, with a considerable proportion
[3]
of these patients losing response within one year .
Therefore alternative cytokine targeted approaches are
being sought after.
Interleukin-6 (IL-6) has been implicated to play
an important role in the immunopathogenesis of
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[4]

IBD . In agreement with this concept, mucosal IL-6
expression has been found to be elevated in active
[5]
IBD . Furthermore, serum-levels of IL-6 correlated
[6]
with clinical disease activity in UC patients . As
these observations provide strong evidence for a
potential functional role of IL-6 in chronic intestinal
inflammation, we decided to treat an UC patient
refractory to conventional therapies with a humanized
anti-IL-6 receptor (IL-6R) antibody.

CASE REPORT
The patient, a 53-year-old woman, was diagnosed
with ulcerative pancolitis at the age of 28 years by
histopathological criteria. She initially responded
to combined therapy with oral (3 g) and local (2 g)
aminosalicylates and later systemic corticosteroids,
but showed recurrent inflammatory episodes in the
following years. The patient developed a steroiddependent disease course with a requirement for
steroid therapy ≥ 10 mg/d. Azathioprine 100 mg
(2 mg/kg) therapy was initiated in 2005, upon
which clinical response was achieved for 6 mo. No
endoscopic examinations were performed at that time
to assess endoscopic response to azathioprine therapy.
Upon subsequent relapses that required repeated
prednisolone treatment, azathioprine treatment was
stopped and methotrexate therapy was initiated in
2008 outside our clinic, but had to be discontinued
due to severe skin reactions. Azathioprine therapy
was again started thereafter, as the patient reported
more aggravated disease without azathioprine therapy.
Therapy with the anti-TNF antibody infliximab was
initiated in 2010 in addition to azathioprine therapy
due to chronic active disease. After an initial response
for over one year, even an intensified therapy with
infliximab (10 mg/kg every four weeks) failed to
ameliorate UC activity and the treatment was stopped
thereafter. Anti-TNF antibody therapy with adalimumab
(initially 160 mg and 80 mg, then 40 mg every two
weeks) in addition to ongoing azathioprine therapy
likewise failed to ameliorate colitis activity and was
stopped after 3 mo. Therapy with the calcineurininhibitor tacrolimus was initiated thereafter, but had to
be discontinued due to impairment of renal function in
2013.
At this point the patient had up to 10 loose bowel
movements per day with obvious blood. Blood count
showed mild hypochromic anaemia (Hb 11.6 g/
dL). C-reactive protein (CRP) levels were elevated
(28.3 mg/L). The Truelove and Witts severity index
indicated moderate disease. There was no tachycardia
or pyrexia. Endoscopy revealed continuous colonic
inflammation with enhanced granularity and isolated
ulcerations (Figure 1A). The total Mayo score was 10,
indicating severe disease. Endomicroscopic evaluation
demonstrated dilated microvessels, leakage and
disturbed crypt architecture as signs of mucosal
inflammation (Figure 1C). Histopathological analysis
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Figure 1 Endoscopic and endomicroscopic evaluation of the mucosa before and after anti-interleukin-6R therapy. Endoscopy of the sigmoid mucosa of the
patient before anti-interleukin (IL)-6R therapy showed strong signs of mucosal inflammation (A); Mayo endoscopy score = 3; Evaluation of the sigmoid after 12 wk of
tocilizumab treatment revealed augmented signs of mucosal inflammation and progressive ulcer formation. Mayo endoscopy score = 3 (B); Endomicroscopy with a
probe based system (Mauna Kea System) of the sigmoid mucosa of the patient before (C); and after 12 wk of anti-IL-6R therapy (D). There was a marked increase in
mucosal inflammation with increased leakage, dilatation of microvessels and disturbed crypt architecture.

of sigmoid biopsies by a pathologist resulted in a
[7]
Riley histologic score of 15 and a Geboes score of
0.3/1.3/2A.3/2B.3/3.2/4.3/5.4; both indicative of
severe UC. An infection with cytomegalovirus (CMV)
was repeatedly excluded and stool samples were
always negative for infectious pathogens, including
Clostridium difficile.
As the patient declined to undergo restorative
proctocolectomy, no leucocytapheresis therapy was
available nearby and the anti-adhesion molecule
antibody vedolizumab had not been approved and was
not available for therapy at that time, an anti-IL-6R
antibody (tocilizumab) treatment was initiated with the
understanding and appropriate prior informed consent
of the patient. Azathioprine treatment was stopped
beforehand.
Therapy with tocilizumab (Ro-Actemra, HoffmannLa Roche, Switzerland) was intravenously administered
(8 mg/kg) for 12 wk at biweekly intervals. Concomitant
prednisolone therapy (10 mg/d) was unchanged
during the treatment period. The therapy was well
tolerated and no adverse events were recorded.
However, the patient showed no clinical improve
ment with persistence of 10 bloody stools per day.
Blood count (Hb 12.5 g/dL) and CRP-level (1.2 mg/L)
were normalised. Sigmoidoscopy up to 40 cm revealed
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augmented mucosal inflammation with progressive
ulcer formation (Figure 1B). The total Mayo score
remained at a score of 10. Endomicroscopy underlined
increased signs of mucosal inflammation with enhanced
leakage, impaired barrier function and disturbance of
crypt architecture (Figure 1D). The Riley histologic score
of sigmoid biopsies rose to 16 and the Geboes score
was 0.2/1.3/2A.3/2B.3/3.2/4.3/5.4, both indicative of
severe UC. As the patient refused surgical intervention
and higher corticosteroid doses, she initially remained
on prednisolone 10 mg/d. She later again needed
intensified steroid treatment and was then put on
therapy with the anti-adhesion molecule antibody
vedolizumab. She showed partial clinical and endoscopic
response to it. She still refused surgical intervention as
a therapeutic option.
Immunohistochemistry revealed that tocilizumab
treatment was not able to induce apoptosis in lamina
+
propria mononuclear cells or in the subgroup of CD4
mucosal T cells, and there was a significantly reduced
amount of apoptotic cells upon treatment (Figure 2
A-F). Quantitative gene expression analysis showed
that tocilizumab application was not able to suppress
mucosal IL-6 levels. Instead there were even higher
IL-6 levels after completion of therapy, suggesting that
blockade of IL-6 signalling may induce compensatory
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Figure 2 Caspase positive cells and quantitative gene expression profile of mucosal biopsies before and after anti-interleukin-6R therapy. Pairs of colonic
tissue samples taken before (A) and after (B) anti-interleukin (IL)-6R therapy, were stained for caspase and assessed regarding caspase positive cells in 14 highpower fields per slide (C); Histological slides before (D) and after (E) IL-6R inhibition were also stained for caspase and CD4 and quantitatively assessed (F); There
was a marked reduction of apoptotic LPMCs and mucosal T cells upon tocilizumab treatment. Nuclei were counterstained with DAPI. Scale bars represent 25 µm.
Total RNA was isolated from mucosal biopsies taken before (white) and after (black) anti-IL-6R therapy and reverse transcribed (G). Gene expression profiles were
analysed by quantitative PCR and normalized to the housekeeping-gene HPRT. There was a marked induction in the expression levels of pro-inflammatory cytokines
upon anti-IL-6R treatment.

IL-6 production. Other pro-inflammatory cytokines
such as TNF, IFN-γ, IL-21 and IL-17A/F also showed
higher expression levels after completion of therapy
compared to levels before commencement of anti-IL6R treatment (Figure 2G).
Altogether, clinical, endoscopic, endomicroscopic
and histologic evaluation demonstrated that IL-6R
inhibition was not able to exert a therapeutic effect
in our patient. Instead, signs of aggravated mucosal
inflammation and ulcer formation could be observed
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upon anti-IL-6R treatment.

DISCUSSION
Remarkable advances in our understanding of
the immunpathogenesis of IBD have enabled the
development of therapeutic agents directed at rational
molecular targets. This approach is best exempli
fied by the selective blockade of pro-inflammatory
cytokines by biological agents. The substantial
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therapeutic success of anti-TNF antibodies in the
treatment of UC patients has validated this concept.
Nevertheless, a relevant subgroup of patients does
not respond to anti-TNF therapy, as they show little
[3]
or no changes of clinical symptoms . Selective
targeting of other cytokines profoundly involved in
the immunopathogenesis of IBD has therefore been
the centre of attention for designing novel therapeutic
strategies. Recently completed phase 2 trials with
antibodies directed against interleukin-13 however did
not reach their primary therapeutic endpoints in the
[8,9]
treatment of UC patients . Similarly, inhibition of IL2R signaling with the monoclonal antibody basiliximab
[10]
did not result in improvement of disease activity .
The cytokine IL-6 has been found to be a major
regulator of T cell differentiation and activation and
promotes a pro-inflammatory milieu in chronic in
flammatory diseases. In UC, serum levels of IL-6,
which is an important factor for the synthesis of acute
phase proteins like CRP, correlate well with clinical
disease activity and correspondingly mucosal IL-6
and soluble IL-6R (sIL-6R) production are increased in
[11]
active disease . It has also been shown that effective
treatment of IBD with corticosteroids resulted in an
inhibition of IL-6 production in the lamina propria,
while patients who suffer from intractable disease
[12]
exhibit augmented mucosal IL-6 levels . Finally,
application of a neutralizing anti-IL6R antibody caused
significant suppression of mucosal inflammation in
[4,13]
different experimental colitis models
.
As the above data indicated a pivotal role of IL-6
in chronic intestinal inflammation and targeting of
IL-6 signaling had already shown therapeutic efficacy
in chronic and autoimmune diseases like rheumatoid
[14]
arthritis , a pilot study on IL-6R blockade was
initiated in patients with active Crohn’s disease. In this
study, the anti-IL6R antibody tocilizumab or placebo
was given as biweekly intravenous infusions over a
treatment period of 12 wk. It was found that 80% of
the tocilizumab treated patients had signs of clinical
response, as compared with 31% in the placebo
group. Moreover, 20% of the patients on this regimen
went into remission as compared to 0% of the placebo
[15]
group .
Based on these promising results, we initiated
tocilizumab therapy in a patient with treatmentrefractory UC. Unexpectedly, tocilizumab treatment
did not ameliorate colitis activity and resulted in even
aggravated mucosal inflammation and ulcer formation.
The complex of IL-6 and sIL-6R has been
previously shown to activate gp130-positive lamina
propria T cells lacking the membrane bound IL-6R
in IBD. This so called trans-signalling process leads
to STAT-3 activation and induction of anti-apoptotic
genes like bcl-2 and bcl-xl within mucosal T cells.
Augmented lamina propria T cell resistance against
apoptosis then results in unrestrained accumulation
of activated intestinal lymphocytes which perpetuate
[4]
the inflammatory response . In agreement with
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this anti-apoptotic role of IL-6, immunohistochemical
stainings of colonic tissue samples from Crohn’s
disease patients treated with tocilizumab showed that
inhibition of IL-6 results in the induction of apoptosis
[15]
in lamina propria mononuclear cells (LPMCs) .
However, in our UC patient tocilizumab application
did not lead to the induction of apoptosis in LPMCs
+
or mucosal CD4 T cells, which is believed to be the
central anti-inflammatory mechanism of action of antiIL6R blockade in intestinal inflammation. Instead, we
observed even a marked reduction of apoptosis in
LPMCs after tocilizumab treatment compared to the
staining prior to the initiation of therapy, suggesting
that IL-6R blockade may predominantly cause proinflammatory effects in UC.
Apart from its pro-inflammatory role, IL-6 also
contributes to the maintenance of epithelial cell
homeostasis, as it is involved in epithelial repair and
[16,17]
healing, resulting in mucosal reconstitution
. In
contrast to IL-6, TNF has pro-inflammatory effects on
the gut epithelium and may induce death of intestinal
[18,19]
epithelial cells in IBD
. Thus, in contrast to TNF
blockade, inhibition of IL-6 might have detrimental
effects on the epithelial barrier function via blockade
of the membrane bound IL-6R (mIL-6R) on intestinal
epithelial cells. This adverse effect might be reflected
by the reported heightened risk of gastrointestinal
perforations upon tocilizumab treatment in rheumatoid
[20]
arthritis patients . Furthermore, one report showed
the formation of multiple mucosal ulcers in the small
and large intestine during tocilizumab treatment in
[21]
rheumatoid arthritis . Consistent with these reported
clinical observations, tocilizumab treatment led to
augmented mucosal ulcers in our UC patient, probably
due to further impairment of epithelial barrier integrity
with subsequent activation of mucosal immune cells
resulting in pro-inflammatory cytokine production
(TNF, IFN-γ, IL-21 or IL-17A/F) and progressive
ulcer formation. The normalization of CRP levels
under tocilizumab treatment do not correlate with
the enhanced mucosal inflammation and might be
explained by possible suppression of IL-6 levels in the
blood, which may have resulted in diminished CRP
blood levels. IL-6 blood levels were not measured
in the patient. The discrepancy between persisting
mucosal inflammation and normal CRP levels are in
[22]
line with similar reports in UC patients .
The presented case report does not support the
application of anti-IL6R antibodies in UC patients with
anti-TNF refractory, severely progressed disease.
When targeting IL-6, the differential responsiveness
of target cells have to be taken into account, as IL-6
on the one side promotes acute and chronic mucosal
inflammation via sIL-6R signaling but on the other
side also strongly contributes to epithelial cell survival
via mIL-6R signaling. Future therapeutic strategies in
therapy refractory UC should aim to selectively target
the pro-inflammatory function of IL-6, for instance
by targeting sIL-6R signaling. Additionally, novel
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Janus kinase inhibitors (Jak) such as tofacitinib, that
block the function of multiple Jak dependent pro[23]
inflammatory cytokines simultaneously , should be
explored in anti-TNF refractory UC.
In summary, this is the first reported case of IL-6
inhibition in a therapy-refractory severe ulcerative colitis
patient. Although a potentially pro-inflammatory role
[4]
of IL-6 has been suggested in disease pathogenesis ,
our anti-IL-6R antibody treatment led to aggravated
mucosal inflammation and does therefore not advocate
its application in severe UC patients.
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Abstract
Superior mesenteric artery (SMA) syndrome is defined
as a compression of the third portion of the duodenum
by the abdominal aorta and the overlying SMA. SMA
syndrome associated with anorexia nervosa has been
recognized, mainly among young female patients. The
excessive weight loss owing to the eating disorder
sometimes results in a reduced aorto-mesenteric
angle and causes duodenal obstruction. Conserva
tive treatment, including psychiatric and nutritional
management, is recommended as initial therapy. If
conservative treatment fails, surgery is often required.
Currently, traditional open bypass surgery has been
replaced by laparoscopic duodenojejunostomy as a
curative surgical approach. However, single incision
laparoscopic approach is rarely performed. A 20-yearold female patient with a diagnosis of anorexia nervosa
and SMA syndrome was prepared for surgery after
failed conservative management. As the patient had
body image concerns, a single incision laparoscopic
duodenojejunostomy was performed to achieve minimal
scarring. As a result, good perioperative outcomes
and cosmetic results were achieved. We show the first
case of a young patient with SMA syndrome who was
successfully treated by single incision laparoscopic
duodenojejunostomy. This minimal invasive surgery
would be beneficial for other patients with SMA
syndrome associated with anorexia nervosa, in terms
of both surgical and cosmetic outcomes.
Key words: Superior mesenteric artery syndrome;
Anorexia nervosa; Young female patient; Single
incision laparoscopic duodenojejunostomy; Minimally
invasive surgery
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Core tip: Traditional open bypass surgery has been
replaced by laparoscopic duodenojejunostomy as a
curative surgical approach for superior mesenteric
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Superior mesenteric artery (SMA) syndrome is defined
as a compression of the third portion of the duodenum
by the abdominal aorta and the overlying superior
mesenteric artery. The narrow aortomesenteric angle
results in chronic, intermittent, or acute complete
or partial duodenal obstruction. Patients often pre
sent with nausea, vomiting, abdominal distention,
[1]
decreased appetite, and weight loss . Non-surgical
treatment is recommended as initial therapy, but
when conservative treatment fails, surgery is often
required. After the first successful laparoscopic
[2]
duodenojejunostomy by Gersin et al in 1998,
the procedure became the most common surgical
[3]
treatment .
Among these patients, eating disorder such as
anorexia nervosa (AN) may coexist as an underlying
[4]
pathology . We describe here a young female patient
with SMA syndrome successfully treated by single
incision laparoscopic duodenojejunostomy. Because
this patient had body image concerns associated with
AN, single incision laparoscopic surgery (SILS) was
selected as a “scarless” method.

With these findings, the diagnosis of SMA syndrome
was made. The patient was hospitalized five times
over 3 years and experienced a 10-kg weight loss
with persistent amenorrhea. As symptoms recurred
frequently with conservative treatment, surgical
treatment was suggested. Although the patient agreed
to undergo surgery, she was very nervous about the
residual scarring. Considering the impact on her body
image, SILS was proposed. After discussion with the
patient and her family, informed consent was obtained
for laparoscopic duodenojejunostomy with single
incision.
General anesthesia was induced and the patient
was placed in the dorsal lithotomy position. The
surgeon stood between the patient’s legs. The first
assistant handled the scope on the patient’s left side.
First, a trans-umbilical zigzag incision was made with
the Hasson technique. After making the incision, a
single-port three-channel device was inserted. Two
5-mm trocars and a 30° rigid 5-mm endoscope
were used. With upward traction on the transverse
colon, the dilated duodenum was easily identified.
After isolation of the transverse mesocolon and
duodenum, the anterior wall of second to third portion
of the duodenum and the head of the pancreas were
exposed. The duodenum and proximal jejunum (25
cm from the Treitz ligament) were marked with crystal
violet at the planned anastomosis site, followed by
a side-to-side duodenojejunostomy using a 45-mm
stapler device. To insert the stapler device, one
5-mm trocar was replaced with a 12-mm trocar. The
common entry hole was closed by hand in two layers,
using 3-0 absorbable polyfilament. The patient’s body
2
mass index was 14.0 kg/m . The operative time was
148 min with little bleeding. No drain was placed.
Intraoperative findings are summarized in Figure 2A-E.
The postoperative course was unremarkable.
Oral fluid and solid food intake was allowed on
postoperative day (POD) 2. An upper gastrointestinal
study on POD 3 showed good patency of the anas
tomosis (Figure 3). The patient was discharged
uneventfully on POD 6. Over the first 2 mo, she gained
3 kg. Although she continues to receive psychiatric
care, she is doing well.

CASE REPORT

DISCUSSION

Three years prior to the surgery, a 17-year-old girl with
a known history of AN presented to our emergency
department with complaints of repeated vomiting and
abdominal distension. She had been under the sporadic
care of a psychiatrist and was not on any medications.
A contrast-enhanced computed tomography scan also
revealed a dilated stomach and proximal duodenum,
and severe narrowing of the third portion of the
duodenum (Figure 1A). A sagittal view showed the
aorto-mesenteric angle was narrow at 10° (normal
range, 25°-60°) and the aorto-mesenteric distance was
short at 5.5 mm (normal range, 10-28 mm, Figure 1B).

SMA syndrome is an uncommon but well-recognized
clinical entity. It is seen more commonly in female
individuals and usually occurs in older children and
adolescents. SMA syndrome associated with AN
[4,5]
has been also recognized
. Anorexia nervosa
is a complex eating disorder characterized by an
abnormally low body weight, intense fear of gaining
weight, and a distorted body image. It is seen most
commonly in teenage girls and young adult women.
The excessive weight loss can result in the loss of the
fatty tissue that surrounds the superior mesenteric
artery and its neurovascular pedicle. In the absence

artery (SMA) syndrome. However, the single incision
laparoscopic approach is rarely performed. Here, we
show our experience of single incision laparoscopic
duodenojejunostomy in a 20-year-old woman with
anorexia nervosa and SMA syndrome. As both diseases
are commonly seen in young women with body image
concerns, the cosmetic outcome of surgery should be
taken into consideration. We believe that this minimally
invasive surgery is beneficial for patients with SMA
syndrome associated with body image concerns, in
terms of both surgical and cosmetic outcomes.
Yao SY, Mikami R, Mikami S. Minimally invasive surgery for
superior mesenteric artery syndrome: A case report. World J
Gastroenterol 2015; 21(45): 12970-12975 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i45/12970.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i45.12970
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Figure 1 Abdominal computed tomography. A: A distended stomach and proximal duodenum were shown with caliber change at the third portion (arrows),
between superior mesenteric artery (SMA) and aorta; B: On the sagittal view, the aorto-mesenteric angle was 10° (arrow) and the aorto-mesenteric distance (two-head
arrow) was 5.5 mm.
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Figure 2 Intraoperative findings. A: Three 5-mm trocars were inserted through the umbilical incision; B: Identification of the anterior wall of the second portion of the
duodenum and pancreas; C: Duodenum and proximal jejunum (25 cm from Treitz ligament) were marked with crystal violet at the planned anastomosis site; D: 45-mm
linear stapler was inserted to make a side-to-side duodenojejunostomy with duodenum and jejunum; E: The common entry hole was sutured by hand; F: The umbilical
incision became virtually scarless 3 mo after the operation. D: Duodenum; J: Jejunum; P: Pancreas.
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Figure 3 Contrast study on post-operative day 3 showed smooth fluid
passage through the duodenojejunostomy.

of an appropriate fatty scaffolding, the angle at which
the SMA branches from the aorta is reduced, resulting
in compression of the third portion of the duodenum
[6]
between the SMA and the aorta . This combination
of pathologies is uniquely challenging: SMA syndrome
can precipitate and exacerbate AN because of the
nausea associated with the small bowel obstruction
and conversely, AN prevents the patient from being
willing or able to ingest adequate calories to allow the
[7]
SMA syndrome to resolve .
In addition to our patient, a literature search of the
PubMed database between 1950 and 2015 retrieved
13 cases of SMA syndrome associated with AN (Table
[4,5,7-16]
1)
. The median age of these patients was 20
years (range, 16-47 years), indicating a greater
frequency among young female patients. Most patients
had low body weight with low body mass index.
According to our literature search, about half of these
patients were successfully managed with conservative
treatment. The conservative treatment included both
psychiatric and nutritional management. According
to our literature search, 7 patients underwent lapa
rotomy. While duodenojejunostomy was the most
commonly performed procedure, gastrojejunostomy
and Treitz ligament mobilization were also performed.
One of them underwent exploratory laparotomy for a
misdiagnosis of appendicitis and one had an unknown
procedure. The weight gain was seen in only 4
patients, and some patients continued to lose weight
despite surgical correction, indicating that AN was
a refractory eating disorder. Generally, the patients
who need surgical intervention would have severe
symptoms because of their resistance to conservative
treatment. However, the correlation between the
impact of surgery and severity of anorexia nervosa
is still unknown. To the best of our knowledge, this
is the first reported case of successful single incision
laparoscopic duodenojejunostomy performed on a
patient with SMA syndrome in the setting of AN.
In recent years, SILS has been adopted for
more and more cases with the innovation of surgical
instruments and improvement in surgical experience
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and techniques. The benefits of this approach are
associated with less incisional pain, less risk of
incisional hernia, fewer wound complications, and
[17]
improved cosmetic outcomes . For example, gas
trointestinal bypass with SILS has been introduced in
the field of bariatric surgery. There are some reports of
[18,19]
successful gastrojejunostomy
, but only one case
of single incision laparoscopic duodenojejunostomy
was reported in 2014. This was performed in a
75-year-old man with SMA syndrome and resulted
in a good postoperative outcome. As that report did
not contain detailed images of the operation, we
include intraoperative photographs here in the figures.
Compared with that report, our procedure was a less
invasive surgery because no drain was placed.
The benefit of selecting SILS in this case was
its cosmetic outcome, which was important to
the patient. To acquire a good operative field with
minimal skin incision, we used a zigzag incision
[20]
technique. Hachisuka et al
reported that this type
of skin incision could become virtually scarless within
months after an operation. In our case, the umbilical
incision became virtually scarless 3 mo after surgery
(Figure 2F).
Limitations that make SILS difficult to apply include
internal and external conflicts between instruments
and difficulty achieving traction for triangulation
[21]
formation . Through experience, we have learned best
practices of using SILS in selected patients, including
those needing cholecystectomy, appendectomy, and
right hemicolectomy. Duodenojejunostomy is a simple
procedure, requiring no organ resection. This resulted
in fewer potential difficulties than other applications
of SILS, such as cancer surgery. The loss of visceral
fat, often seen in a patient with SMA syndrome or
AN, resulted in a good operative field and made
it easy to identify the target organs. Though the
distance between the duodenum and the port site was
relatively close, the interference between the scope
and forceps was minimal. As SILS is often limited by
the co-axial arrangement of the instruments, the close
distance made the angle between the instruments
wider. Using the cut mode for electrocautery instead
of the coagulation mode can prevent organ injury for
tensionless tissues. Dissection between the duodenum
and the transverse mesocolon should be performed
carefully with this method. The closure of the common
entry hole after side-to-side duodenojejunostomy is
an important procedure because it needs a skilled
laparoscopic suturing technique. The interrupted or
running suture should be performed precisely, despite
the restricted operative field. To perform this operation
safely, experience with SILS in other applications is
recommended. Cholecystectomy or appendectomy
might be a good initial experience with SILS. Right
hemicolectomy is a good procedure for surgeons to
learn the skills needed for duodenojejunostomy, as
they have a similar operation field in the right upper
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Table 1 Clinical features of reported cases of superior mesenteric artery syndrome in the setting of anorexia nervosa
No.

Year

Author

Age
(yr)

Sex

1
2
3
4
5
6
7
8
9
10
11
12
13

1976
1978
1981
1981
1992
1997
1998
2004
2009
2010
2014
2015
2015

Vannatta et al
Froese et al
Sours et al
Pentlow et al
Elbadaway et al
Adson et al
da Silva et al
Lo et al
Verhoef et al
Gwee et al
Mearelli et al
Mascolo et al
Our case

17
16
17
21
18
35
28
26
16
17
47
47
20

Female
Male
Female
Female
Female
Female
Female
Female
Female
Female
Male
Female
Female

Boby weight
Body mass
2
(kg)
index (kg/m )
28
NA
37.7
32
35.8
NA
NA
37
39
37.3
NA
29.1
32

NA
NA
NA
NA
12.7
NA
NA
16
15
14.6
NA
10.6
14

Treatment

Performed operation

Open or
laparoscopic

Weight
gain

Surgery
Conservative
Conservative
Conservative
Surgery
Surgery
Surgery
Surgery
Conservative
Conservative
Surgery
Conservative
Surgery

Duodenojejunostomy
Gastrojejunostomy
Exploratory laparotomy
NA
Duodenojejunostomy
Treitz ligament mobilization
Duodenojejunostomy

Open
Open
Open
NA
Open
Open
Laparoscopic

Yes
NA
NA
Yes
Yes
NA
No
No
Yes
Yes
Yes
Yes
Yes

NA: Not availiable.

quadrant. With all of these procedures, this “scarless”
operation could lead to early recovery and cosmetic
satisfaction.
Single incision laparoscopic duodenojejunostomy
may be a feasible option as a curative operation for
SMA syndrome. We believe that this minimally invasive
surgery is especially beneficial for patients with SMA
syndrome associated with AN and its associated body
image issues, in terms of both surgical and cosmetic
outcomes.

Term explanation

Duodenojejunostomy is a surgical procedure for superior mesenteric artery
syndrome, which includes the anastomosis between the proximal duodenum
and a proximal loop.

Experiences and lessons

Single incision laparoscopic duodenojejunostomy may be a feasible option as
a curative operation for SMA syndrome, in terms of both surgical and cosmetic
outcomes.

Peer-review

The authors firstly reported a case of single incision laparoscopic duo
denojejunostomy, which could both cure SMA symdrome and improve
cosmetic effect. We believe this minimally invasive surgery will be suitable
for the patients with SMA syndrome who do not respond to the conservative
treatment.
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Abstract
Traditionally, perivaterian duodenal perforation can
be managed conservatively or surgically. If a large
volume of leakage results in fluid collection in the
retroperitoneum, surgery may be necessary. Our
case met the surgical indication for perivaterian
duodenal perforation after endoscopic retrograde
cholangiopancreatography (ERCP) with sphincterotomy
and endoscopic papillary balloon dilatation. The
patient developed a retroperitoneal abscess after
the procedures, and a perivaterian perforation was
suggested on computed tomography (CT). CT-guided
abscess drainage was performed immediately. We
unsuccessfully attempted to close the perforation with
hemoclips initially. Subsequently, we used fibrin sealant
(Tisseel) injection to occlude the perforation. Fibrin
sealant injections have been previously used during
endoscopy for wound closure and fistula repair. Based
on our report, fibrin sealant injection can be considered
as an alternative method for the treatment of ERCPrelated type Ⅱ perforations.
Key words: Perivaterian duodenal perforation; Endoscopic
retrograde cholangiopancreatography; Retroperitoneal
abscess
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Perivaterian duodenal perforation can be
managed conservatively or surgically. Our patient
underwent endoscopic retrograde cholangiopancrea
tography (ERCP) with sphincterotomy and endoscopic
papillary balloon dilatation, and developed a perivaterian
duodenal perforation after the procedures. Computed
tomography-guided abscess drainage was performed
immediately but without improvement, and fibrin sealant
(Tisseel) injection was then administered to occlude
the perforation. The patient recovered uneventfully.
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This report shows that fibrin sealant injection can be an
alternative method for the treatment of ERCP-related
type Ⅱ perforations.

A

Yang HY, Chen JH. Endoscopic fibrin sealant closure of duodenal
perforation after endoscopic retrograde cholangiopancreatography.
World J Gastroenterol 2015; 21(45): 12976-12980 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i45/12976.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i45.12976
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) with sphincterotomy (EST) and/or endoscopic
papillary balloon dilatation (EPBD) is commonly used
in the treatment of common bile duct (CBD) stones.
However, ERCP is an invasive procedure that may
lead to potential complications such as pancreatitis,
hemorrhage, bowel perforation, and cholangitis. ERCPrelated perforations are uncommon with a reported
[1-3]
incidence of 0.3%-1.3% .
There are four types of ERCP-related bowel per
[4-6]
forations : lateral wall duodenal perforation (TypeⅠ),
perivaterian perforation (Type Ⅱ), perforation of the
biliary tree (Type Ⅲ), and retroperitoneal air alone (Type
Ⅳ ). Traditionally, lateral wall duodenal perforations
(Type Ⅰ) tend to be large and usually require surgical
[5,7,8]
intervention
. Other types of perforation can be
[9,10]
managed either conservatively or surgically
. If a
large volume of leakage results in a fluid collection in
the retroperitoneum, surgery or interventional drainage
may be necessary.
Here, we describe a case of a perivaterian duodenal
perforation (Type Ⅱ) after ERCP with EST and EPBD
that was successfully sealed with fibrin glue.

CASE REPORT
A 70-year-old man who had coronary artery disease
and hypertension presented with symptomatic CBD
stones and cholangitis. The patient had a history of
gallbladder stones with acute cholecystitis and had
undergone laparoscopic cholecystectomy 4 years
previously. After hospital admission, he underwent
ERCP with EST and EPBD (0.8 cm, 8 atm × 3 min),
and a black stone was extracted with a balloon
catheter (Figure 1A-C).
Fever and right flank pain were noted soon after
the procedure. Initially, plain abdominal radiography
and abdominal ultrasound revealed no obvious free
air. Three days later, abdominal ultrasonography
and abdominal computed tomography (CT) showed
a retroperitoneal abscess (Figure 2A) close to the
right lateral wall of the duodenum, suggesting a
perivaterian perforation. CT-guided abscess drainage
was performed immediately (Figure 2B).
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Figure 1 The patient underwent endoscopic retrograde cholangiopan
creatography with sphincterotomy and endoscopic papillary balloon
dilatation. A: Endoscopic retrograde cholangiopancreatography with
sphincterotomy; B: Endoscopic papillary balloon dilatation (0.8 cm, 8 atm × 3
min); C: Black stone (white arrow) was extracted with a balloon catheter.

Another abdominal CT scan with oral contrast
ingestion was performed on day 10 after ERCP due
to persistent drainage of a large amount of purulent
material. The scan revealed minimal contrast and air
leakage from the duodenum into the right anterior
pararenal space (Figure 3). On the same day, ERCP
revealed a perforation of the perivaterian duodenum
(Figure 4A). We unsuccessfully attempted to close the
perforation with hemoclips initially. Subsequently, we
used fibrin sealant (Tisseel; Baxter Healthcare, Deerfield,
IL, United States) injection to occlude the perforation.
Before injection of the fibrin sealant, we placed two 7F
double pigtail (5 and 6 cm) plastic biliary stents into the
CBD to prevent occlusion of the biliary orifice by the
fibrin sealant (Figure 4B). A total of 4 mL Tisseel was
injected into the perforation site (Figure 4C).
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Figure 2 Computed tomography scan. A: Showing a hypodense abscess
(arrow) between the liver and right kidney; B: Showing pig-tail drainage (arrow)
of the abscess.

Figure 4 Endoscopic retrograde cholangiopancreatography. Endoscopic
retrograde cholangiopancreatography revealed a perforation (arrow) in the
duodenum (A); Two plastic stents were inserted into the endoscopic papillary
balloon dilatation before fibrin sealant injection (B); Whitish tissue sealant was
injected into the perforation in the right upper corner (C).
Figure 3 Computed tomography scan of the abdomen. Green arrow showing
perforation site.

The patient’s fever had subsided by the day following
application of the fibrin sealant, and the amount of
purulent drainage decreased from 60-70 to 20 mL/d by
day 2 after the procedure. Five days later, the amount of
purulent drainage had decreased to < 10 mL/d and the
patient’s abdominal discomfort continued to improve.
He recovered uneventfully and was discharged on day
14 after fibrin sealant injection. Follow-up CT scan 2 wk
later revealed an unremarkable retroperitoneal space
without abscess formation or a detectable leak.

DISCUSSION
We described a case of perivaterian duodenal per
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foration in a patient after undergoing ERCP with EST
and EPBD. He subsequently developed a retroperitoneal
abscess that required percutaneous CT-guided drainage.
However, his condition did not improve because of a
persistent leak from the duodenal perforation. Surgical
repair was not desirable because of the patient’s age
and comorbidity.
Several endoscopic closure techniques have been
described for closure of gastrointestinal perforations
[11,12]
including the use of endoclips, fibrin sealant
,
[13]
endoloops, and the over-the-scope clip system . Most of
these approaches have been used for TypeⅠperforations.
For Type Ⅱ perforations, previous studies have
suggested conservative treatment first, followed by
surgical intervention if conservative treatment fails. In
this case, endoscopic repair with hemoclips was initially
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attempted, but failed. Subsequently, we were able to
occlude the perforation without surgical intervention
using fibrin sealant (Tisseel) injection.
Tisseel is a fibrin sealant used as an adjunct to
hemostasis. It contains human fibrinogen, human
factor XIII, aprotinin, polysorbate 80, human thrombin,
and calcium chloride. Mixed together, the above
ingredients form a cell-free clot that can block the
perforation. In contrast to cyanoacrylate mixed with
lipiodol, Tisseel has been shown to have tissue-healing
properties and to be fully reabsorbed by macrophages
[14,15]
and fibroblasts within 2 wk of application
. Fibrin
sealant injections have been previously used during
[16]
endoscopy for wound closure and fistula repair .
Only a few cases of duodenal perforation have been
[11,12]
successfully treated with tissue sealant
. Based
on our report, fibrin sealant (Tisseel) injection can be
considered as an alternative method for the treatment
of ERCP-related Type Ⅱ perforations.
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Abstract
The coexistence of hepatocellular carcinoma (HCC)
and non-Hodgkin’s lymphoma (NHL) in the liver is
rare. Reports show that these patients have cirrhotic
livers or hepatitis virus infections before they develop
HCC and NHL. We present a patient with hepatitis B
virus infection who was transferred to our hospital
with a newly detected liver mass; abdominal computed
tomography examination showed one hypodense
mass of 7 cm in diameter and multiple mesenteric
and mediastinal lymph nodes. A liver tumor biopsy
showed a hepatoma, and the pathologic findings from
an inguinal lymph node excision showed mantle cell
lymphoma. An immunohistochemical stain conﬁrmed
that the atypical lymphoid cells within the HCC were
positive for the CD20, CD5 and cyclin D1 antigens.
Taking these ﬁndings into account, the hepatic tumor
was determined to be a HCC inﬁltrated by mantle cell
lymphoma.
Key words: Hepatocellular carcinoma; Mantle cell
lymphoma; Hepatitis B virus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The coexistence of hepatocellular carcinoma
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(HCC) and non-Hodgkin’s lymphoma in the liver is rare.
The risk factors include hepatitis virus infection, liver
cirrhosis and antineoplastic therapy. This case report
presents a rare case of HCC and mantle cell lymphoma
in the liver. Only hepatitis B virus infection is identified.
“Tumor to tumor metastasis” is noted in the pathologic
findings. The literature is also reviewed.
Lee MH, Lin YC, Cheng HT, Chuang WY, Huang HC, Kao
HW. Coexistence of hepatoma with mantle cell lymphoma
in a hepatitis B carrier. World J Gastroenterol 2015; 21(45):
12981-12986 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i45/12981.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i45.12981

Figure 1 Contrast-enhanced axial computed tomography during
the arterial phase showed one ill-defined mass with heterogeneous
enhancement (arrows) and central necrosis (arrowhead) at segment 7.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver tumor, and it is mostly associated with
[1]
hepatitis B and C virus infection . Liver invasion of
non-Hodgkin’s lymphoma (NHL) has been the focus of
several clinical investigations. Only a few publications
have reported coexistence of HCC and NHL. Major
risk factors include liver cirrhosis, hepatitis virus
[2-4]
infection and chemotherapy
. hepatitis B virus
(HBV) is hepatotropic, but there were evidences that
peripheral blood mononuclear cells (PBMCs) can also
[5]
serve as a reservoir of this virus . Therefore, it can
[6,7]
be a causative factor of both HCC and lymphoma .
We present here a rare case of coexistent HCC and
lymphoma in a HBV infected patient without liver
cirrhosis.

CASE REPORT
A 52-year-old male patient was referred to our hospital
for a newly diagnosed liver tumor of the right lobe.
The following symptoms were noted: easy fatigue,
poor appetite and progressive weight loss of 10 kg
in the past two months. He had no fever or night
sweats. He had not received prior chemotherapy. A
contrast-enhanced computed tomography (CT) before
this referral showed one 7-cm sized hypodense mass
located in Couinaud’s segment 7. He was tested
positive for HBV infection. A physical examination
revealed multiple enlarged lymph nodes in his neck
and inguinal region. Anemia, jaundice, leg edema and
hepatosplenomegaly were not observed.
On admission, his laboratory tests for alanine
aminotransferase (ALT), total bilirubin, albumin,
leukocytes, and prothrombin time were all within
normal range; but his aspartate aminotransferase
was 41 U/L (0-34 U/L), hemoglobin 18.4 g/d, and
6
red blood cell mass 6.49 × 10 . His platelets count
3
3
3
decreased to 97 × 10 /µL (150 × 10 -450 × 10 /µL),
and alpha-fetoprotein (AFP) increased to 49465.6 ng/ml
(< 15 ng/ml). Viral serologic tests were negative for
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Figure 2 Computed tomography later showed wash out during the delay
phase; this is compatible with hepatocellular carcinoma (arrows) with
chest wall involvement. No obvious imaging evidence of liver cirrhosis and
portal hypertension was shown.

anti-hepatitis C virus (HCV) antibody but positive for
hepatitis B surface antigen and anti-hepatitis B core
antigen. HBV DNA quantitative test showed a low viral
6
load of 0.00305 × 10 IU/ml. Serum β2-microglobulin
was elevated to 3370 ng/ml.

Diagnostic test

Review of CT by our radiologist revealed a 7-cm
in diameter liver mass in S7 with heterogeneous
enhancement in the arterial phase and wash out in
the delay phase (Figures 1 and 2). It was considered
a HCC with internal necrosis. There was no evidence
of cirrhosis or portal vein thrombosis. Multiple
mediastinal and mesenteric enlarged lymph nodes
and splenomegaly were observed (Figures 3 and 4),
which was not commonly seen in patients with HCC.
An echo-guided core biopsy of the liver tumor was
performed, and the initial pathologic finding indicated
that it was an HCC (Figure 5A). Immunochemical
study using an automated immunostainer BONDMAX (Leica), however, revealed an aggregate of
small to medium-sized lymphoid cells with irregular
nuclei in the neighboring portal areas of normal liver
tissue and also the tumor tissue (Figure 5B and C).
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A

B

Figure 3 Large homogenous enhanced spleen (arrows) is also noted in
the upper abdomen; it is suggestive of splenomegaly.

C

Figure 4 Contrast-enhanced axial computed tomography showed a
cluster of multiple enlarged lymph nodes in the mesenteric (arrows) and
para-aortic regions (arrowheads).

These lymphoid cells were positive for CD20 (L26;
Dako; 1:1000), CD5 (4C7; Lieca; 1:200) and cyclin
D1 (SP4; Zytomed; 1:25) (Figure 6). This tumor was
thus an HCC infiltrated with mantle cell lymphoma. A
right inguinal lymph node was excised and the result
showed mantle cell lymphoma. Given these findings,
this patient was diagnosed as having a coexistent
HCC and mantle cell lymphoma. Whole body contrastenhanced CT before chemotherapy revealed no
gastrointestinal tract involvement. Bone marrow biopsy
revealed no evidence of lymphmatous involvement.
Radiofrequency tumor ablation (RFA) was performed.
Chemotherapy with CHOP regimen (cyclophosphamide,
hydroxydaunorubicin, oncovin, prednisolone) was
initiated. He has been in remission one year after
therapy.

DISCUSSION
Mantle cell lymphoma (MCL) is a rare subgroup of
B-cell NHL that occurs in approximately 6% of all NHL
patients. MCL cells can enter the lymphatic channels
and blood vessels, and they can also spread to other
lymph nodes or tissues, such as the bone marrow,
liver and gastrointestinal tract. The prognosis of MCL

WJG|www.wjgnet.com

Figure 5 Histological study of the liver tumor. A: Neoplastic hepatocytes
with pleomorphic nuclei and prominent nucleoli; they are considered diagnostic
for hepatocellular carcinoma [Hematoxylin and eosin (HE) staining; original
magnification × 400]; B: Tissue cores with thick trabeculae of neoplastic
hepatocytes and a patchy lymphoid infiltrated (arrows) (HE staining; original
magnification × 40); C: Small lymphoid cells with slightly irregular nuclei (HE
staining; original magnification × 400).

is poor. Although a positive relationship has been
[7]
reported between HBV infection and NHL , only a few
reported cases of coexistent MCL and HCC, especially
in patients with chronic hepatitis B but no liver
[8-10]
cirrhosis
. Most of the patients had HCV infection
[3,11,12]
and liver cirrhosis
.
The association between HBV and HCC is well
established. Worldwide, HBV accounts for more than
[13]
50% of the HCC . The risk of HCC increases with
higher HBV DNA level. Patients infected with HBV
also have a higher risk of developing non-Hodgkin
[7]
lymphoma. Ulcickas Yood et al found that patients
with HBV had a 2.8 times higher risk of NHL. However,
only few cases of coexistent HCC and NHL in patients
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A

B

C

Figure 6 Immunochemical analysis of the liver tumor. A: The small
lymphoid cells were positive for CD20 (CD20 immunostaining; original
magnification × 400); B: The small lymphoid cells were positive for CD5 (CD5
immunostaining; original magnification × 400); C: The small lymphoid cells were
positive for cyclin D1 (cyclin D1 immunostaining; original magnification × 400).

with HBV have been reported in the literature. Talamo
[8]
et al reported the first case of simultaneous primary
hepatic lymphoma and HCC in a patient with chronic
[14]
HBV. Takeshima et al
reported another patient with
HBV infection developed coexistent hepatic mucosaassociated lymphoid tissue lymphoma and HCC. These
two reports described primary hepatic lymphoma
that did not involve extra-hepatic lymph nodes or
[9]
organs. Cavanna et al reported a case of hepatic NHL
relapse without extra-hepatic involvement in a patient
[10]
[15]
who had HCC. Shikuwa et al
and Monarca et al
reported two cases of HCC and malignant lymphoma
with extra-hepatic involvement. These cases revealed
the rare coexistence of HCC and NHL with or without
extrahepatic involvement in hepatitis B carrier, but the
role of HBV in HCC and NHL was not addressed. To
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the best of our knowledge, this is the only published
report to date. Other reports include cases of HCV
infection and two cases without chronic hepatitis or
[16,17]
liver cirrhosis
. In the present case, this patient had
not received any prior chemotherapy. Moreover, there
are no clinical or pathologic evidences of HCV infection,
cirrhosis or alcohol abuse. Therefore, the only etiology
for the two tumor growth is HBV infection. This patient
is a rare case of coexistent HCC and mantle cell
lymphoma in HBV infection.
Only a few studies on the association between HCC
[2]
and NHL have been published. Di Stasi et al reported
that 4 of the 132 patients with NHL developed HCC
and that all four patients had liver cirrhosis. Tanaka
[3]
et al reported that 9 of the 592 patients with NHL
developed HCC during the first 10 years following the
diagnosis. Of the nine patients who developed HCC,
eight had clinical or histologic evidence of cirrhosis,
six were HCV antibody positive, and none had HBV
infection. The study also found that patients who
received chemotherapy for NHL had a significantly
[4]
increased risk of HCC. Civardi et al reported 7
cases of HCC among the 414 patients with NHL; all
of these cases were HCV antibody positive. Based on
these studies, hepatitis virus infection, liver damage
and antineoplastic agents may play important roles
in the development of concurrent HCC and NHL. A
subpopulation of chemotherapy-induced lymphoma
cell may selectively invade the liver. Recurrence of HCC
may have resulted in the simultaneous co-localization
of the two distinct tumors. Another study by Xiong
[18]
et al
found that the Cdc6 G1321A polymorphism
lowers the risk of developing both NHL and HCC.
There are accumulated evidences on the associations
of HCV and HBV with hematologic malignancies,
in particular B-cell NHL. HCV has been the most
frequently studied. Chronic viral antigen stimulation
that leads to proliferation of B-cells and mutations
in tumor suppressor genes has been proposed
[19,20]
as two likely pathways of HCV-induced NHL
.
Conversely, the association between NHL and HBV
has not been studied. Similar to HCV, HBV may induce
NHL formation through the similar mechanism. Two
[21]
mechanisms have been proposed . In HBV-infected
patients, the chronic antigen stimulation from HBV
activates B-cells, which in the long term leads to
subsequent DNA damage and lymphoma formation.
The second mechanism involves synthesis of viral
antigen and assembly of viral particles in hepatocytes
and lymphocytes. HBV particles can then infect other
[5,22]
lymphocytes that are located in lymphoid organs
.
Viral DNA integrats into the host genome; this leads
to overexpression of cellular oncogenes or downregulation of tumor suppressor genes. Further inves
tigations are needed to address these questions.
In the present case, liver tumor biopsy revealed
a coexistent HCC and mantle cell lymphoma. The
occurrence of one tumor spreading into another tumor,
referred to as “tumor-to-tumor metastasis (TTM)”, is
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rare. The most frequent cancer with metastasis is lung
cancer. and the most frequent recipients are renal clear
cell carcinomas. To date, NHL has rarely inﬁltrated
other tumors, especially HCC. To our knowledge, only
[23]
one similar case has been reported .
In summary, we have presented a rare case of
hepatic co-localization of HCC and mantle cell lymphoma
in a patient with HBV infection. The case showed a
rare pattern of “tumor-to-tumor metastasis.” This case
suggests that although lymph node enlargements
are often considered to be reactive or metastatic
lymphadenopathy in chronic hepatitis B patients
who have HCC, NHL should also be considered as a
differential diagnosis. Future large studies are required
to establish firm evidence of the relationship between
the occurrence of NHL and HCC.

The authors should clarify or discuss whether there is an evidence of a wider
infiltration into the liver tissue or exclusively into the HCC. Also, please state
whether there was any evidence for a spread into the gastrointestinal tract and/
or bone marrow.
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TO THE EDITOR

Abstract
A comment on the article by He et al , “Idiopathic
neonatal pneumoperitoneum with favorable outcome:

WJG|www.wjgnet.com

Core tip: Neonatal gastric perforation is a rare, lifethreatening problem. Although surgical repair is the
principal mode of managing this life-threatening disease,
conservative intervention, such as percutaneous peri
toneal drainage, is an alternative approach, especially
under specific conditions.

We read with great interest the article by He et
[1]
al , which reported a case of idiopathic neonatal
pneumoperitoneum, possibly due to gastric per
foration, with a favorable outcome without surgical
intervention. Although the principal mode of managing
this serious condition is primary surgical repair, the
authors concluded that conservative management is
feasible for idiopathic neonatal pneumoperitoneum and
that a favorable outcome could be achieved without

12987
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Aydin M et al . Neonatal gastric perforation and percutaneous peritoneal drainage
an exploratory laparotomy if the condition were
diagnosed promptly. We recently reported a similar
case of neonatal pneumoperitoneum, possibly due to
isolated gastric perforation, in an extremely low birth
weight infant whose clinical condition contraindicated
general anesthesia and an exploratory laparotomy,
and who recovered with percutaneous peritoneal
drainage, along with placement of a Penrose drain and
[2]
the use of wide-spectrum antibiotics . Therefore, we
think that a conservative approach is an alternative
treatment for neonatal pneumoperitoneum, even with
gastric perforation, especially when general anesthesia
and surgical repair are impossible, such as in very sick,
extremely low birth weight infants.
Gastric perforation in the newborn is a rare, lifethreatening problem that is seen mainly in premature
infants. Its reported incidence is 1 in 5000 live
births, and it constitutes 7% of all gastrointestinal
[2-4]
perforations . The mortality rate is still high despite
early diagnosis and treatment due to accompanying
problems. Postoperative complications may also cause
morbidity and mortality. Although surgical repair is
the principal mode of managing this life-threatening
disease, percutaneous peritoneal drainage is an
alternative under some conditions. Supporting our
[5]
report, Hesketh et al reported seven patients with
neonatal esophageal perforation who were managed
non-operatively. Five patients in their series required
additional interventions, such as tube thoracostomies
for pneumothoraces. Four of their patients survived,

and three died. Therefore, they suggest that nonoperative management of esophageal perforation in
newborns may be a safe initial strategy, but more
aggressive interventions may ultimately be required.
In conclusion, we believe that although the principal
mode of managing neonatal gastric perforation is
operative, conservative intervention such as percu
taneous peritoneal drainage is an alternative approach,
especially under specific conditions in order to avoid
intra- and postoperative complications in this vulnerable
population.
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Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

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

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

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

III

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

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

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari

WJG|www.wjgnet.com

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York

September 10, 2015

Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh

WJG|www.wjgnet.com

Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

IX

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Sam Zakhari, Bethesda
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

September 10, 2015

S

Contents

Weekly Volume 21 Number 46 December 14, 2015

EDITORIAL
12989 Nonalcoholic fatty liver disease and hepatic cirrhosis: Comparison with viral hepatitis-associated steatosis
Haga Y, Kanda T, Sasaki R, Nakamura M, Nakamoto S, Yokosuka O

REVIEW
12996 Therapeutic role of endoscopic ultrasound in pancreaticobiliary disease: A comprehensive review
Meng FS, Zhang ZH, Ji F

ORIGINAL ARTICLE
Basic Study
13004 HuR mediated post-transcriptional regulation as a new potential adjuvant therapeutic target in
chemotherapy for pancreatic cancer
Jakstaite A, Maziukiene A, Silkuniene G, Kmieliute K, Gulbinas A, Dambrauskas Z

13020 Kefir treatment ameliorates dextran sulfate sodium-induced colitis in rats
Senol A, Isler M, Sutcu R, Akin M, Cakir E, Ceyhan BM, Kockar MC

13030 Up-regulation of microRNA-210 inhibits proliferation of hepatocellular carcinoma cells by targeting YES1
Tan W, Lim SG, Tan TMC

13042 Effects of Ligustrum robustum on gut microbes and obesity in rats
Xie ZM, Zhou T, Liao HY, Ye Q, Liu S, Qi L, Huang J, Zuo HJ, Pei XF

13055 Inhibition of sphingosine kinase 1 ameliorates acute liver failure by reducing high-mobility group box 1
cytoplasmic translocation in liver cells
Lei YC, Yang LL, Li W, Luo P, Zheng PF

Case Control Study
13064 Association between hepatocellular carcinoma and tumor necrosis factor alpha polymorphisms in South
Korea
Shin SP, Kim NK, Kim JH, Lee JH, Kim JO, Cho SH, Park H, Kim MN, Rim KS, Hwang SG

13073 Seven-day triple therapy is a better choice for Helicobacter pylori eradication in regions with low antibiotic
resistance
Tong YF, Lv J, Ying LY, Xu F, Qin B, Chen MT, Meng F, Tu MY, Yang NM, Li YM, Zhang JZ

WJG|www.wjgnet.com



December 14, 2015|Volume 21|Issue 46|

World Journal of Gastroenterology

Contents

Volume 21 Number 46 December 14, 2015

Retrospective Cohort Study
13080 Reduction of the ages at diagnosis and operation of biliary atresia in Taiwan: A 15-year population-based
cohort study
Lin JS, Chen SCC, Lu CL, Lee HC, Yeung CY, Chan WT

13087 Long-term lamivudine for chronic hepatitis B and cirrhosis: A real-life cohort study
Su MH, Lu AL, Li SH, Zhong SH, Wang BJ, Wu XL, Mo YY, Liang P, Liu ZH, Xie R, He LX, Fu WD, Jiang JN

Retrospective Study
13095 Prevalence and features of colorectal lesions among Hispanics: A hospital-based study
Ashktorab H, Laiyemo AO, Lee E, Cruz-Correa M, Ghuman A, Nouraie M, Brim H

13101 Cyberknife treatment for advanced or terminal stage hepatocellular carcinoma
Kato H, Yoshida H, Taniguch H, Nomura R, Sato K, Suzuki I, Nakata R

13113

Can endoscopic atrophy predict histological atrophy? Historical study in United Kingdom and Japan
Kono S, Gotoda T, Yoshida S, Oda I, Kondo H, Gatta L, Naylor G, Dixon M, Moriyasu F, Axon A

13124 Moxifloxacin-containing triple therapy after non-bismuth quadruple therapy failure for Helicobacter pylori
infection
Lim JH, Lee DH, Lee ST, Kim N, Park YS, Shin CM, Song IS

13132 Aspartate transaminase to platelet ratio index in hepatitis C virus and Schistosomiasis coinfection
Derbala M, Elbadri ME, Amer AM, AlKaabi S, Sultan KH, Kamel YM, Elsayed EHS, Avades TY, Chandra P, Shebl FM

Observational Study
13140 Endoscopic ultrasonography-guided drainage for patients with symptomatic obstruction and enlargement
of the pancreatic duct
Will U, Reichel A, Fueldner F, Meyer F

13152 Totally robotic vs 3D laparoscopic colectomy: A single centers preliminary experience
Guerrieri M, Campagnacci R, Sperti P, Belfiori G, Gesuita R, Ghiselli R

Prospective Study
13160 Sphincter lesions observed on ultrasound after transanal endoscopic surgery
Mora López L, Serra-Aracil X, Navarro Soto S

SYSTEMATIC REVIEWS
13166 Endoscopy in neutropenic and/or thrombocytopenic patients
Tong MC, Tadros M, Vaziri H

WJG|www.wjgnet.com

II

December 14, 2015|Volume 21|Issue 46|

World Journal of Gastroenterology

Contents

Volume 21 Number 46 December 14, 2015

13177 Endoscopy vs surgery in the treatment of early gastric cancer: Systematic review
Kondo A, de Moura EGH, Bernardo WM, Yagi OK, de Moura DTH, de Moura ETH, Bravo JGP, Yamazaki K, Sakai P

CASE REPORT
13188 Peliosis hepatis: Personal experience and literature review
Crocetti D, Palmieri A, Pedullà G, Pasta V, D'Orazi V, Grazi GL

13195 Recurrent gastric neuroendocrine tumors treated with total gastrectomy
Jung M, Kim JW, Jang JY, Chang YW, Park SH, Kim YH, Kim YW

13201 Spontaneous aortic pseudoaneurysm rupture into the sigmoid colon in Behçet's disease patient
Lee SL, Ku YM, Won Y

WJG|www.wjgnet.com

III

December 14, 2015|Volume 21|Issue 46|

World Journal of Gastroenterology

Contents

Volume 21 Number 46 December 14, 2015

ABOUT COVER

Editorial board member of World Journal of Gastroenterology , Lapo Sali, MD,
PhD, Post Doctor, Department of Experimental and Clinical Biomedical Sciences,
University of Florence, Florence 50134, Italy

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1377 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of
Open Access Journals. According to the 2014 Journal Citation Reports® released by Thomson
Reuters (ISI), the 2014 impact factor for WJG is 2.369, ranking 41 among 76 journals in gastroenterology and hepatology, quartile in category Q2.

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Shuai Ma
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden
Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Ya-Juan Ma
Proofing Editorial Office Director: Jin-Lei Wang

Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

IV

PUBLICATION DATE
December 14, 2015
COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

December 14, 2015|Volume 21|Issue 46|

World J Gastroenterol 2015 December 14; 21(46): 12989-12995
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i46.12989

© 2015 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Nonalcoholic fatty liver disease and hepatic cirrhosis:
comparison with viral hepatitis-associated steatosis
Yuki Haga, Tatsuo Kanda, Reina Sasaki, Masato Nakamura, Shingo Nakamoto, Osamu Yokosuka
Yuki Haga, Tatsuo Kanda, Reina Sasaki, Masato Nakamura,
Shingo Nakamoto, Osamu Yokosuka, Department of
Gastroenterology and Nephrology, Chiba University, Graduate
School of Medicine, Chiba 260-8670, Japan
Shingo Nakamoto, Department of Molecular Virology, Chiba
University, Graduate School of Medicine, Chiba 260-8670, Japan
Author contributions: Haga Y, Kanda T, Sasaki R, Nakamura M,
Nakamoto S and Yokosuka O solely contributed to this paper.
Conflict-of-interest statement: All authors have no conflict of
interest statement.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Tatsuo Kanda, MD, PhD, Associate
Professor, Department of Gastroenterology and Nephrology,
Chiba University, Graduate School of Medicine, 1-8-1 Inohana,
Chuo-ku, Chiba 260-8670, Japan. kandat-cib@umin.ac.jp
Telephone: +81-43-2262086
Fax: +81-43-2262088
Received: July 16, 2015
Peer-review started: July 18, 2015
First decision: August 31, 2015
Revised: September 7, 2015
Accepted: October 17, 2015
Article in press: October 20, 2015
Published online: December 14, 2015

Abstract
Nonalcoholic fatty liver disease (NAFLD) including
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nonalcoholic steatohepatitis (NASH) is globally
increasing and has become a world-wide health
problem. Chronic infection with hepatitis B virus or
hepatitis C virus (HCV) is associated with hepatic
steatosis. Viral hepatitis-associated hepatic steatosis
is often caused by metabolic syndrome including
obesity, type 2 diabetes mellitus and/or dyslipidemia.
It has been reported that HCV genotype 3 exerts direct
metabolic effects that lead to hepatic steatosis. In this
review, the differences between NAFLD/NASH and viral
hepatitis-associated steatosis are discussed.
Key words: Hepatocellular carcinoma; Hepatitis B virus;
Hepatitis C virus; Non-alcoholic fatty liver disease; Nonalcoholic steatohepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD)
including nonalcoholic steatohepatitis (NASH) is a
common liver disease in United States, European and
Asian countries. NAFLD and NASH are associated with
metabolic syndrome including obesity, type 2 diabetes
mellitus and/or dyslipidemia. hepatitis C virus (HCV)
infections are associated with hepatic steatosis, type 2
diabetes mellitus, insulin resistance and cardiovascular
related diseases. In comparison with HCV, the
association between hepatitis B virus and steatosis
remains unclear. Further studies about the mechanism
of hepatic steatosis in viral hepatitis are needed.
Haga Y, Kanda T, Sasaki R, Nakamura M, Nakamoto S, Yokosuka
O. Nonalcoholic fatty liver disease and hepatic cirrhosis:
Comparison with viral hepatitis-associated steatosis. World J
Gastroenterol 2015; 21(46): 12989-12995 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i46/12989.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i46.12989
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is histologically
defined as the accumulation of more than 5% to
10% fat in liver without any primary cause such as
viral hepatitis, alcoholic liver disease, or drug-induced
liver injury. NAFLD is the most prevalent chronic liver
disease, affecting up to 30% of the population in the
[1]
United States and European countries . In other
countries, the prevalence of NAFLD varies from 6%
[2]
to 35% . The prevalence of NAFLD is increasing
as the prevalence of metabolic syndrome including
obesity, type 2 diabetes mellitus and dyslipidemia
is increasing around the world. NAFLD represents a
histopathological spectrum ranging from steatosis
alone to steato-fibrosis with inflammation or necrosis,
which is also called nonalcoholic steatohepatitis
(NASH). Patients with NASH have an increased risk of
liver fibrosis, cirrhosis, and hepatocellular carcinoma
(HCC). Intensive following up is needed for patients
with NASH.
It has been reported that the prevalence of hepatic
steatosis is approximately 40%-85% in hepatitis C
[3]
[3]
virus (HCV)-infected patients . Yasui et al reported
that hepatic steatosis was present in 171 (57%) of 297
patients with chronic hepatitis C in Japan. Histological
study revealed that the median prevalence of hepatic
steatosis were 3.8% and 2.2% in chronic HCV-infected
Japanese patients with or without visceral obesity,
[4]
respectively . From Taiwan, 52% of Chinese patients
[5]
with chronic hepatitis C had hepatic steatosis . In
Mainland China, the prevalence of fatty liver detected
by ultrasound were 10.5%, 11.4% and 38.5% in
patients infected with HCV genotype 1, 2 and 3,
[6]
[7]
respectively . Recent reports from Beijing, China
showed that 36 (30%) of 120 patients with chronic
hepatitis C presented with hepatic steatosis (≥ 5%).
Patients with chronic HCV and hepatitis B virus
(HBV) infections number approximately 170 million
[8,9]
and 400 million, respectively . Approximately 75%
[9]
of HBV carriers reside in Asian-Pacific countries . As
the number of patients with metabolic syndrome is
increasing, the number of patients with NAFLD/NASH
[10]
or hepatitis-associated steatosis is also increasing .
It is well known that several effects of steatosis on the
pathogenic pathways in the liver could lead to clinical
differences such as in the response to antiviral therapy.
In this review, we discuss the differences between
NAFLD/NASH and hepatitis-associated hepatic steatosis.

PREVALENCE OF NAFLD/NASH
NAFLD has been associated with metabolic syndrome,
and insulin resistance is an intrinsic defect in
[11]
NAFLD . The World Health Organization and National
Institutes of Health define obesity as ≥ 30 BMI. In
2009-2010, the prevalence of obesity was 36% and
36%, respectively, in adult men and women, with
[12]
no significant change compared with 2003-2008 .
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Masters et al
reported that there is a substantially
strong association between obesity and mortality
risk at older ages, and an increasing percentage of
mortality is attributable to obesity across birth cohorts.
Thus, obesity significantly shapes United States
mortality levels, placing it at the forefront of concern
[13]
for public health action . A more precise definition
of obesity may be necessary in the Asian population
because they have low tolerance against metabolic
syndromes such as obesity. The prevalence of metabolic
syndrome in Japan was found to be 44% and 29% in
[14]
men and women, respectively . In the United States,
[15]
46% and 12% have NAFLD and NASH, respectively .

PREVALENCE OF VIRAL HEPATITIS
Globally, 27% and 30% of cirrhosis is due to HCV
and HBV infection, respectively, and 25% and 53% of
[16]
HCC is due to HCV and HBV infection, respectively .
Patients infected with HCV have high prevalence of
[17]
steatosis . It was reported that 48% of HCV-infected
patients show steatosis, and a higher prevalence has
[18]
been observed in HCV genotype 3a infections . HCV
infections are associated with hepatic steatosis, type 2
diabetes mellitus, insulin resistance and cardiovascular
related diseases (CVD).
In comparison with HCV, the association between
[19]
HBV and steatosis remains unclear. Peng et al
reported that hepatic steatosis is more frequently
present in chronic hepatitis B patients than in the
[20]
general population. In contrast, Wang et al reported
that chronic HBV infection was not associated with
insulin resistance or hepatic steatosis. Metabolic
syndrome is a risk factor for steatosis in HCV patients.
However, metabolic syndrome seems less likely to be
present in hepatitis B surface antigen (HBsAg)-positive
[21]
patients compared with non-HBsAg carriers . Further
studies may be needed.
NAFLD and NASH are associated with insulin
resistance, atherogenic dyslipidemia and increased
CVD independent of traditional risk factors. Moreover,
NASH-cirrhosis and type 2 diabetes mellitus contribute
to increasing CVD in liver transplant recipients. HCVassociated metabolic syndrome, featuring steatosis,
hypocholesterolemia and insulin resistance, also
appears to be associated with substantially increased
CVD. On the other hand, HBV infection is generally
independent from insulin resistance, steatosis and
CVD.

ETIOLOGY OF NAFLD/NASH AND
STEATOSIS IN VIRAL HEPATITIS
[22]

Day et al presented a “two hit theory” of the etiology
of NASH. In their theory, fat initially deposits at hepatic
cells. Next, various factors induce hepatic injury
to the liver, leading from NAFLD to NASH. Tilg and
[23]
Moschen propose a multiple parallel hits hypothesis.
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HCV/HCV core
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Hepatic steatosis

SREBP1
PPARg

HBV/HBx

Figure 1 Mechanisms of hepatic steatosis induced by viral and nonviral pathways. HBV: Hepatitis B virus; HBx: Hepatitis B X protein; HCV:
Hepatitis C virus; SREBP1: Sterol regulatory element-binding protein-1; PPARγ:
Peroxisome proliferator-activated receptor gamma.

In fact, it may be very difficult to distinguish among
the various causes. These factors include insulin
resistance, impaired secretion of adipocytokines,
oxidative stress, hyper-nutrition and disorder in the
gut microbiota (Figure 1). On the other hand, some
mechanisms of steatosis in HCV infection have been
[24]
reported. Moriya et al
reported that an increase of
unsaturated fatty acid induces hepatic steatosis. HCV
core protein synthesizes sterol regulatory elementbinding protein-1 (SREBP-1). Oxidative stress is also
induced under conditions of increase unsaturated fatty
acid. A decrease in the secretion of very low density
lipoprotein (VLDL) is another cause of steatosis. Eslam
[25]
et al reported that a single-nucleotide polymorphism
(rs12979860) in the intron of interferon-λ4 is a strong
predictor of fibrosis in an etiology-independent manner.
The impact of rs12979860 genotypes on fibrosis is
maximal in young females, especially those with HCV
genotype 3. These findings establish rs12979860
genotype as a strong etiology-independent predictor of
tissue inflammation and fibrosis.
In the case of HCV infection, there are two
pathways: viral and non-viral. In HCV patients, not
only metabolic syndrome but HCV, especially genotype
3, which exerts direct metabolic effects, leads to
[26]
liver steatosis . HCV genotype 3a up-regulates the
[27]
expression of fatty acid synthase
HCV-infected
hepatocytes up-regulate the synthesis of more
fatty acids, impair β-oxidation of the available fatty
acids, and impede the export of triglycerides. HCV
decreases mitochondrial β-oxidation, possibly due to
mitochondrial damage. Release of HCV particles from
hepatocytes utilizes the same pathway used in VLDL
export, and HCV mediates inhibition of the microsomal
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triglyceride transfer protein (MTP), a molecule involved
in export of triglycerides from hepatocytes. Several
viral proteins of diverse HCV genotypes interfere with
insulin signaling, leading to insulin resistance. Sterol
regulatory SREBP-1c enhances transcription of genes
required for fatty acid synthesis and predominates
in the liver. It has been shown that HCV core protein
transcriptionally activates peroxisome proliferatoractivated receptor gamma (PPARγ), although it exerts
no effect on PPARγ gene expression. The expression
of pro-inflammatory mediators and liver X-receptorregulated lipogenic genes is enhanced in non-alcoholic
[28]
[29]
fatty liver disease and hepatitis C . Singal et al
reported that patatin-like phospholipase domaincontaining 3 (PNPLA3) is associated with an increased
risk of advanced fibrosis among patients with a variety
of liver diseases and is an independent risk factor for
HCC among patients with NASH or alcohol-related
[30]
cirrhosis. However, Nakamura et al reported that no
association between PNPLA3 rs738409 genotype and
fatty change of the liver or hepatic cirrhosis was found
in Japanese patients infected with HCV.
The impact of HBV on steatosis is still controversial.
HBV X protein can lead to lipid accumulation in
hepatocytes; apolipoprotein B secretion is inhibited
and PPARγ and SREBP-1c are induced through
its direct interaction with either liver X receptor α
(LXRα) or tumor necrosis factor (TNF) receptor 1
leading to nuclear factor-kappa B activation and TNF
[31]
production .

DIAGNOSIS OF NAFLD/NASH AND
STEATOSIS IN VIRAL HEPATITIS
Liver biopsy

[32]

Ludwig et al
proposed the concept of NASH and
its histopathological features, which are steatosis,
ballooning of hepatocytes, fibrosis, lobular inflam
mation and Mallory-Denk bodies. Steatosis is one
of the main histological features of NAFLD/NASH.
Histological steatosis is not absolutely necessary in
a diagnosis of NASH. For example, it is difficult to
[33]
diagnose burned-out NASH . In a case of burnedout NASH, fat flows out from the hepatocytes as VLDL,
and the unsaturated fatty acid occasionally decreases.
Down-regulation of SREBP-1c and lipogenic enzymes
[33]
is also associated with burned-out NASH . In the
[34]
NAFLD activity score (NAS) , cases with a high grade
of inflammation activity and hepatocyte ballooning
without evidence of steatosis can be diagnosed as
borderline disease.
[35]
Brandman et al
confirmed the presence of a
certain degree of steatosis in nearly 30% of HCV
patients. Among NAFLD/NASH patients, steatosis
is pan-acinar or predominantly in the centrilobular
[36]
[37]
zone (acinar 3) . Zubair et al
reports that the
localization of steatosis in HCV patients is similar to
that in NAFLD/NASH patients. On the other hand,
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[38]

Basaranoglu et al
reported that the localization of
steatosis, particularly in HCV genotype 3-infected
patients, is predominantly in the periportal zone (acinar
1) and not in the centrilobular zone (acinar 3).

Image examination

Most cases of NAFLD are asymptomatic. Liver steatosis
is incidentally discovered in thoracic and abdominal
imaging examinations or blood tests. The imaging
evidence for NAFLD is as follows: hepatorenalcontrast on ultrasonography, low density pattern of
the liver on computed tomography, or low signal on T1
weighted magnetic resonance imaging. With transientelastography, fibrosis is overestimated in HBV-infected
patients by severe/moderate necroinflammatory
activity and in HCV-infected patients by severe/mode
rate necroinflammatory activity and/or severe/mo
[39]
derate steatosis . Therefore, additional attention
should be paid to liver stiffness in HCV-infected patients
with hepatic steatosis using transient-elastography.

Biomarkers

In the case of NASH, the number of serum platelets
decreases as the fibrosis advances. In the case of HCV
infection, platelet counts also decrease. Compared with
HCV infection, this effect is milder in NASH. When we
see erythrocytosis, we should suspect the co-existence
of sleep apnea syndrome. An increased aspartate
transaminase (AST)/alanine transaminase (ALT) ratio
is occasionally associated with fibrosis. Ferritin is
correlated with hepatic fibrosis. Hyaluronic acid and type
Ⅳ collagen are correlated with chronic fibrosis. Insulin
resistance is associated with the homeostasis model
assessment ratio (HOMA-R). Adiponectin, leptin and
TNF-α are correlated with inflammation. Cytokeratin18
is good biomarker in HBsAg-positive patients; with an
undetectable viral load, hepatic steatosis is the main
[40]
cause of elevated aminotransferases . Mac-2 binding
protein levels in clinical practice may also be useful as a
[41]
biomarker for NASH .

TREATMENT OF NAFLD/NASH AND
STEATOSIS IN VIRAL HEPATITIS
Impact of steatosis on the response to interferon
treatment

Steatosis has a negative impact of the outcome of
interferon-based therapy for eradication of several
[42,43]
genotypes of HCV
. In non-diabetic patients
with chronic HCV, the achievement of sustained
virological response (SVR) with peginterferon and
ribavirin prevents the development of de novo insulin
resistance. Treatment failure is significantly associated
[44]
with the development of de novo insulin resistance .
Recent research has indicated that achieving SVR
with an interferon-based regimen prevents the
development of insulin resistance, whereas treatment
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failure is an independent risk factor for the de novo
[44]
development of insulin resistance .
In patients with chronic hepatitis B, the impact
of steatosis on response to antiviral treatment with
either peginterferon alpha-2a or the combination of
peginterferon alpha-2a plus lamivudine has been
[45]
poorly studied. Cindoruk et al
reported that no
association between steatosis and response to
interferon-based therapy was observed. On the other
[46]
hand, Ateş et al reported that hepatic steatosis leads
to a trend of decreased, but statistically insignificant,
SVR rates to peginterferon treatment.

Nucleos(t)ide analogues

Hepatic steatosis is significantly associated with
[47]
entecavir treatment failure . Some nucleic acids have
been reported to induce steatosis as a result of cell
injury. Lactic acidosis and severe hepatomegaly with
steatosis may also occur during therapy with the anti[48]
[49]
hepatitis B drug fialuridine or adefovir dipivoxil .

Direct-antiviral agents against HCV

The treatment for HCV is shifting from interferonbased therapies to interferon-free therapies with
Direct-antiviral agents against HCV (DAAs). The impact
of steatosis on DAA treatment is still controversial.
[50]
Meissner et al
reported that clearance of HCV using
an interferon-free antiviral regimen of sofosbuvir and
ribavirin results in rapid changes in peripheral and
intrahepatic metabolic pathways such as increased
serum LDL concentration and decreased triglyceride
concentration. At present, we do not know whether
DAA treatment could improve type 2 diabetes mellitus
[51]
or insulin resistance in HCV-infected individuals .

Indirect-antiviral agents against HCV

Infectious HCV replication and assembly is closely
associated with intracellular lipid droplets and
[52]
production of VLDL . HCV particles are co-assembled
with VLDL, the main structural component of which
is apolipoprotein B (apoB). HCV particles in the
sera exists as a mixture of complete low-density
infectious lipo-viral particles (LVP) and a vast excess
of apoB-associated empty nucleocapsid-free sub-viral
particles that are complexed with anti-HCV envelope
[53]
antibodies . The difference in LVP correlations in HCV
genotype 3 compared to HCV genotype 1 suggests
HCV genotype-specific differences in apoE mediated
[54]
viral entry . These facts indicate the importance
of the association of steatosis between HCV and
[53]
NAFLD . Several lipid-modulating drugs already in
clinical use and in development for other diseases such
as statins, niacin, plasma cholesteryl ester transfer
protein inhibitors, apoB antisense and miRNA-122
inhibitors are useful for HCV treatment as indirect[55]
antiviral agents against HCV (IDAA) . Entry inhibitors
such as scavenger receptor (SR)-BI antagonists,
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and novel target inhibitors such as diacylglycerol
acyltransferase 1 inhibitors and long chain acyl-CoA
synthetase 3 inhibitors may also be useful as new
[55]
IDAA treatment options .

13

CONCLUSION
Many pathways are involved in liver steatosis and
steatohepatitis. Accompanying the high prevalence
of metabolic syndrome and liver steatosis, health
problems are arising. As shown in this article, we
reviewed characteristics of steatosis, the several viral
and non-viral metabolic pathways that lead to steatosis
and the management of NAFLD/NASH and steatosis
[56]
with viral hepatitis .
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Abstract
With the development of technology and accessories,
the role of endoscopic ultrasound (EUS) has evolved
from diagnostics to therapeutics. In order to characterise
the therapeutic role of EUS, we searched Web of
Knowledge database and reviewed articles associated
with therapeutic EUS. There are two modalities for the
therapeutic purpose: drainage and fine-needle injection.
EUS-guided drainage is a promising procedure for the
treatment of peripancreatic fluid collection and biliary
obstruction; EUS-guided fine-needle injections such as
celiac plexus neurolysis, for the purpose of pain relief for
pancreatic cancer and chronic pancreatitis, has emerged
as a promising procedure. The aim of the study was to
perform a comprehensive and conscientious review on
the techniques, complications and clinical outcomes of
those EUS-based procedures.
Key words: Endoscopic ultrasound; Therapeutic; Biliary
drainage; Peripancreatic fluid collection; Celiac plexus
neurolysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: endoscopic ultrasound (EUS)-guided inter
ventions have gained popularity in recent years. In
this review, EUS-guided peripancreatic fluid collection
drainage and biliary drainage are discussed. EUS-guided
fine-needle injections, including celiac plexus neurolysis,
photodynamic therapy, stereotactic body radiation
therapy and ethanol ablation, are also discussed.
Meng FS, Zhang ZH, Ji F. Therapeutic role of endoscopic
ultrasound in pancreaticobiliary disease: A comprehensive review.
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endoscopic ultrasound-GUIDED
DRAINAGE
endoscopic ultrasound-guided peripancreatic fluid
collection drainage

background: Peripancreatic fluid collections (PFCs)
are the result of different types of pathophysiological
processes, such as acute and chronic pancreatitis,
trauma, surgery and malignancy, that can damage
[1,2]
the pancreatic ducts . The different types of PFCs,
which are defined by the Atlanta Classification,
include acute fluid collection, pancreatic pseudocyst
(PPC), pancreatic abscess and walled-off necrosis
[3]
(WON) . These local complications have traditionally
been managed surgically. However, surgery is often
[4]
associated with higher morbidity and mortality .
Percutaneous drainage is also effective in managing
all types of PFCs but it has disadvantages, including
the need for external catheters and the potential
[5]
development of pancreatico-cutaneous fistulas . The
advantages of endoscopic ultrasound (EUS)-guided
drainage include the following: (1) it is minimally
invasive; (2) it avoids local complications related to
percutaneous drainage; and (3) it enables real-time
visualization of PFCs and a decreased bleeding rate by
avoiding the interposition of blood vessels with the use
[6,7]
of Doppler ultrasound .
The traditional indications for drainage have been
[8,9]
largely neglected
; only those with symptoms,
for example, abdominal pain, weight loss, gastric
outlet obstruction, and adverse cyst-related events
(biliary obstruction, infection), require medical
[10,11]
intervention
. Patients with asymptomatic PFCs are
usually only followed.
Technique: The PFC may be drained through either
the transpapillary duct, or the transmural duct, or using
[12,13]
a combination of the two routes
. The decision to
choose one approach over the other depends on the
size of PFC, its proximity to the wall of the stomach
or duodenum, and the accessibility of the pancreatic
[4]
duct and/or the area of disruption . Transpapillary
drainage is effective if the PFC communicates with the
[13]
main pancreatic duct and is less than 6 cm in size .
Transpapillary drainage alone is not recommended
in patients with pancreatic necrosis because of the
[13]
high risk of secondary infection . Because the body
of the pancreas is near the stomach and duodenum,
patients with central pancreatic necrosis are suitable
candidates for transmural drainage. The advantage of
the transpapillary approach over transmural drainage
is the avoidance of the bleeding or perforation that
[4,14]
may occur during transmural drainage
. The
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Figure 1 Fluoroscopic image showing a 0.035-inch guidewire coiling
within a pancreatic pseudocyst. Courtesy of Prof. Lee[18] with permission.

Figure 2 Fluoroscopic image showing dilation of the fistula tract with a
balloon dilator. Courtesy of Prof. Kahaleh[16] with permission.

disadvantages are the risks involved in performing
endoscopic retrograde cholangiopancreatography
(ERCP). It may also have a lower success rate if the
disruption is unable to be bridged, and there is a risk
of retroperitoneal perforation and guidewire/stent[15]
induced ductal damage .
A 19-gauge puncture needle is preferred under EUS
[16]
guidance . Before puncture, the PFC morphology
should be evaluated by EUS, and color Doppler
ultrasound is used to identify the regional vessels.
A 0.025- or 0.03-inch guidewire is then introduced
through the needle and coiled within the PFC under
fluoroscopic guidance (Figure 1), and the tract is
sequentially dilated (Figure 2). For pseudocysts,
the procedure entails balloon dilation to 10 mm,
generally followed by placement of two plastic pigtail
stents (usually 7Fr or 8.5Fr) (Figure 3). For WON,
we use progressive balloon dilation to 18-20 mm,
followed by placement of two plastic pigtail stents (7
or 8.5Fr and 10Fr) or a fully-covered, self-expanding
metal stent (FCSEMS) (Figure 4). Then a naso-cystic
drainage tube for intermittent flushing of the WON
collection is placed, or, occasionally, direct endoscopic
necrosectomy is performed by inserting a gastroscope
into the collection through the dilated cyst-gastrostomy
or cyst-duodenostomy fistula tract, followed by careful
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Figure 3 Fluoroscopic image showing placement of a 10-Fr double pigtail plastic stent and a nasocystic catheter into a pancreatic pseudocyst.
Courtesy of Prof. Itoi[37] with permission.
[17]

debridement of the necrotic content .
After the guidewire has been placed, it is sometimes
difficult to dilate the fistula tract. In such cases, a
tapered dilator, cystotome and needle knife may be
used instead of a balloon dilator and dilation catheter.
Technical and clinical outcomes: EUS-guided
drainage has shown a technical success rate of more
than 90% and a clinical success rate of 75% to
[18]
90% . A recent study reported a treatment success
rate of 93.5% for pseudocysts, but only 63.2% for
WON, suggesting that treatment outcome is related
[19]
to type of collection . Two randomized trials that
compared EUS-guided PPC drainage and conventional
endoscopy-guided PPC drainage demonstrated that
EUS-guided transmural approach is superior to
conventional endoscopy-guided drainage in terms
[20,21]
of technical success and complications
. Several
observational studies have investigated the efficacy of
EUS-guided drainage of pseudocysts and abscesses.
They all resulted in high technical and clinical success
rates, ranging from 89% to 100% and 82% to 100%,
[22-24]
respectively
. However, these techniques were
[25]
performed by experienced endoscopists. Ng et al
recently demonstrated that, although EUS-guided
drainage of pseudocysts was technically successful in
93% of patients, the treatment success rate was 75%
and the complication rate was 5%. Varadarajulu et
[21]
al , in a comparison of the efficacy of EUS-guided
and non-EUS-guided pseudocyst drainage, found that
the technical success rate was 100% with EUS, but
only 33% with the non-EUS-based approach.
A recent randomized, controlled trial of EUS-guided
vs surgical cystgastrostomy for pseudocyst drainage
determined that there were no differences in terms of
treatment success rate, complications, or recurrence,
but there was a significantly shorter hospital stay
(median, 2 d vs 6 d; P < 0.001) and lower costs in
[26]
the endoscopic group . An earlier randomized study
[27]
by the same group yielded similar conclusions .
Therefore, the endoscopic approaches seem to be the
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Figure 4 Endoscopic image of placement of a fully-covered metal stent
into a pancreatic pseudocyst. Courtesy of Prof. Lee[18] with permission.

preferable strategy for uncomplicated pseudocysts
because there is no apparent advantage to surgery,
and it seems to require prolonged hospitalization and
higher cost.
Complications: The complication rate for EUSguided drainage of PFCs varies widely among centers,
ranging from 5% to 16%, and complications are
more frequent in PFC patients with solid necrotic
[12]
debris . Bleeding, the most common complication
of transmural drainage, has been observed in 8%
[4]
to 10% of patients . The bleeding may be caused
by splenic artery pseudoaneurysms. Varadarajulu et
[28]
al
reported a complication rate for transpapillary
[12]
drainage of 6.2%. Hookey et al
found no difference
in the complication rate between the transmural and
transpapillary approaches.

EUS-guided biliary drainage

background: ERCP has become the standard
procedure for the management of both benign and
malignant biliary obstructions. Although its success
rate has been reported to be as high as 95%, biliary
[29]
cannulation cannot be achieved in certain cases .
Therefore, EUS-guided biliary drainage (EUS-BD)
has been introduced as an effective alternative for
biliary decompression. Advantages of EUS-BD over
percutaneous and surgical biliary drainage include a
one-stage procedure, internal drainage, the avoidance
of long-term external drainage, logistical and economic
benefits, and a faster recovery as compared with
percutaneous drainage. These advantages can sig
nificantly improve the quality of life of terminally ill
patients and possibly result in lower morbidity than that
[30,31]
with percutaneous drainage or surgery
.
The widely accepted indications for EUS-BD include
failed ERCP despite maximal efforts by experienced
operators, altered anatomy, tumor preventing access
to the biliary tree, and contraindication to percutaneous
[32]
access, such as large ascites .
Technique: EUS-BD utilizes a variety of access
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Figure 5 Flouroscopic image of the choledochoduodenal tract dilation
with a balloon dilator. Courtesy of Prof. Altonbary[33] with permission.

Figure 6 Flouroscopic image of placement of a metal stent into the hepatic
biliary system. Courtesy of Prof. Kahaleh[31] with permission.

approaches (intrahepatic or extrahepatic), direction of
stent insertion (antegrade or retrograde), and drainage
routes (transmural, transpapillary or rendezvous).
The extrahepatic (EH) approach involves a needle
puncture from the transduodenal (CDS) (Figure 5)
or transenteral route directly into the common bile
[29]
duct . The intrahepatic (IH) approach involves
gaining access to the left hepatic biliary system with
either transesophageal or transgastric (HGS) (Figure 6)
EUS guidance.
A 19-gauge EUS-FNA needle is preferred for
the initial puncture, which permits easier wire
manipulation. Biliary access can be confirmed with the
aspiration of bile. Contrast medium is subsequently
injected to perform a cholangiogram, and a 0.025- or
0.035-inch guidewire is then inserted through the FNA
needle into the biliary system.
Once biliary access has been obtained, the options
for drainage include rendezvous, transpapillary, or
transmural decompression. In EUS-guided biliary
rendezvous technique, the guidewire is placed into the
intrahepatic or extrahepatic biliary duct, then passed
through the papilla and retrieved by a duodenoscope
for biliary intervention. The rendezvous approach is
preferred if the duodenoscope can be advanced to the
papilla when the guidewire has traversed the papilla in
[33,34]
an antegrade way
.
The transmural approach, which leaves a stent in
the stomach or duodenum lumen, is performed when
the duodenoscope cannot be advanced to the ampulla
[35]
to perform the rendezvous drainage . A plastic or
metallic stent is subsequently deployed.

al
compared EUS-guided choledochoduodenostomy
(EUS-CDS) and PTBD in 25 patients with distal biliary
malignant obstructions. The two procedures were
technically and clinically successful in both groups.
The study concluded that EUS-CDS is an effective
and safe alternative to PTBD, with similar success and
complication rates, cost, and quality of life.
A Japanese multicenter study of EUS-BD (44 cases
of EUS-CDS and 20 cases of EUS-HGS ) conducted
[38]
by Kawakubo et al
found that the technical success
rates for both EUS-CDS and EUS-HGS were 95%. The
complication rate was 19%.

Technical and clinical outcomes: The overall
[32,36]
cumulative success rate for EUS-BD is 84%-93%
.
[36]
Gupta et al
reviewed studies from six experienced
international centers, comparing techniques,
outcomes, and complications. The success rates were
similar between the EH and IH approaches (84.3%
vs 90.4%, p = 0.15). No significant difference in the
complication rate was noted between the EH and IH
approaches (35.6% vs 32.6%, p = 0.64). Artifon et
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[37]

Complications: The overall complication rate ranges
[29]
from 16% to 35% . Complications associated
with EUS-BD include (1) bile leakage; (2) infection
(peritonitis, cholangitis, and cholecystitis); (3)
pancreatitis; (4) pneumoperitoneum; (5) bleeding,
(6) abdominal pain; and (7) stent migration. The
most common complications are bile leakage and
[39]
pneumoperitoneum .

Other applications of EUS-guided drainage

EUS-guided drainage can also be used in the
management of pelvic and hepatic abscesses, and
acute cholecystitis.
[40]
Hadithi et al
reported the use of EUS-guided
drainage for pelvic abscesses in eight patients. The
technical success rate was 100% and the clinical
success rate was 100%, and no recurrence was
observed in any of the patients.
EUS-guided gallbladder drainage (EUS-GBD) can
be carried out through the gastric or duodenal wall,
thus avoiding puncture of the liver, which is more
vascular. It is therefore a safer technique for patients
[41]
with coagulopathy. Widmer et al analyzed published
studies of EUS-GBD and found that the overall
technical success rate was 96.7%. All the patients with
technical successes were clinically successful as well.
A total of 12.2% of the patients had complications,
including pneumoperitoneum, bile peritonitis and stent
migration, indicating that EUS-GBD is very challenging
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technically.
[42]
Singhal et al
reviewed seven published case
series, comprising a total of seven patients, on
EUS-guided drainage for hepatic abscesses. They
determined that the technical and clinical success rates
were both 100%; no complications were observed.

EUS-GUIDED FINE-NEEDLE INJECTION
EUS-guided fine-needle injection (EUS-FNI) is a
modified technique based on the concept of needle
guidance to deliver a therapeutic agent, radiation
source or immune-related cells into a targeted lesion.
The technique is utilized to accomplish localized
therapy rather than systemic chemotherapy, which
[43,44]
may reduce systemic toxicity, and also the cost
.
EUS-FNI also includes neurolysis. Experience with this
technique is still limited and intensive investigation
efforts are needed.

EUS-guided celiac plexus/ganglion neurolysis

Background: The incidence of pancreatic cancer
[45]
has increased over the past decade , and the
standardized net survival at 5 years is 6% for men and
[46]
10% for women . Because it frequently presents at
an inoperable stage so that palliation of symptoms is a
primary goal. In these situations, interventional painrelief techniques, such as celiac plexus neurolysis (CPN)
or celiac ganglion neurolysis (CGN), may be indicated.
The celiac plexus surrounds the celiac artery and
the root of the mesenteric artery. Pain originating from
the liver, pancreas, diaphragm, spleen, and stomach
spreads through the celiac plexus and is further
transmitted to the central nervous system.
The posterior approach using a fluoroscope is
associated with severe side effects, such as pneumo
[47]
thorax and paraplegia . Therefore, the anterior
approach is considered a better option for CPN/CGN.
Technique: 22-G or 19-G needles are used. For a
central injection, the needle is advanced above the
celiac trunk, in the space between the aorta and the
origin of the celiac axis. If a bilateral injection into the
plexus is chosen, the echo-endoscope, which is placed
above the celiac axis, should be rotated to one side
until the origin of the celiac axis is no longer seen,
and the procedure is repeated on the other side. If
injections into the ganglia are chosen, the solution
should be injected into the central part of the ganglia
for those less than 1 cm in diameter or, for larger
[48]
ganglia, into the deepest part .
Before injection, aspiration should be performed to
ascertain that the needle has not been placed inside
a vessel, and 3-10 mL of a local analgesic is injected
initially to prevent exacerbation of transient pain by
the neurolytic agent. Subsequently, 10-20 mL of
[45]
98%dehydrated alcohol is injected .
Clinical outcomes: Two randomized controlled trials
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have demonstrated improvement in quality-of-life
[48,49]
parameters
. In a recently published retrospective
[50]
study conducted by Iwata et al , EUS-CPN was
performed in 47 patients with unresectable pancreatic
cancer or non-pancreatic abdominal cancer. EUS-CPN
was successful in 68.1% of the patients. Of these, 14
[49]
patients obtained complete pain relief. Wyse et al
found that pain relief was slightly higher in the EUSCPN group than in the control group at 1 mo and
significantly higher at 3 mo.
In a meta-analysis of these EUS-CPN studies, pain
relief was observed in approximately 80% of 289
[51]
patients with pancreatic cancer . Although EUS-CPN
can be delivered on either or both sides of the aorta,
a recent study showed that bilateral injection was
[52]
more effective than a central injection . In a recent
randomized controlled study, CGN was more effective
than CPN in pain relief (73.5% vs 45.5%, respectively,
[53]
P = 0.026) . A randomized, controlled trial
demonstrated that CPN was effective in pain relief at
1-mo and 3-mo follow-up, but opioid usage persisted,
[49]
although it was higher in the control group .
Complications: Complications associated with EUSCPN, including transient diarrhea and hypotension, were
observed in 9% and 10%-15% of cases, respectively,
and both complications were self-limiting in most
[54]
cases . Recently, more serious complications, including
[55,56]
paralysis due to spinal cord infarction
, death from
[57]
gastric perforation
and celiac artery thrombosis[58,59]
induced infarction
, have been observed.

EUS-guided photodynamic therapy

EUS-guided needle injection is also applied to deliver
photosensitizing medication. photodynamic therapy
(PDT) uses light to produce localized tissue necrosis
after administration of a photosensitizing agent in the
presence of oxygen. Studies have shown that PDT
can induce apoptosis and necrosis by regulating the
pancreatic cellular signaling pathways or modulating
[60]
the structures of plasma membrane proteins .

EUS-guided stereotactic body radiation therapy and
brachytherapy

Fiduciary markers, or fiducials, are used as reference
points to target radiation beams. After identification of
a tumor, a 19-G fine-needle is inserted into the target
lesion, and the fiducials are deployed through the
needle lumen. The position of the fiducials is confirmed
[61,62]
via EUS and fluoroscopy
. In recent years, fiducial
placement has been reported to facilitate stereo
tactic body radiation therapy (SBRT) in patients with
[63-65]
pancreatic cancer
. Prospective phase Ⅰ and phase
[66,67]
[68,69]
and two retrospective studies
have
Ⅱ studies
indicated that SBRT is a safe and effective approach for
treatment of patients with pancreatic cancer.
Brachytherapy involves the placement of a radio
active seed directly into the pancreatic tumor for
localized therapy. Currently, the most commonly used
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radioactive seed is iodine-125. Studies have shown
that brachytherapy is effective for the local control of
[70,71]
malignant pancreatic tumors
.

EUS-guided ethanol ablation

4
5

EUS-guided ethanol ablation is a recently developed
method that has been successfully applied as a treatment
for pancreatic cysts, pancreatic neuroendocrine tumors,
and abdominal metastatic lesions.
A multicenter, randomized study indicated that EUSguided ethanol injection resulted in a greater reduction
in the size of pancreatic cystic tumors compared with a
saline-solution injection, and the overall resolution rate
[72]
of the pancreatic cystic tumors was 33.3% . EUSguided ethanol lavage with a paclitaxel injection has
been introduced to improve the effect of the ethanol
ablation. An initial study found that complete resolution
of pancreatic cystic neoplasms was achieved in 11 of
14 patients after treatment with ethanol and paclitaxel
[73]
injection .
A case series on EUS-guided ethanol ablation in
pancreatic neuroendocrine tumors showed complete
[74]
resolution after the ethanol ablation .
This technique has also been used for the ablation
of other abdominal tumors, such as gastrointestinal
stromal tumors and intra-abdominal metastatic
[75]
lesions .
Other techniques involving EUS-FNI for the treat
ment of pancreatic cancer include immunotherapy and
[60]
radiofrequency ablation .

6

7
8
9

10

11

12

CONCLUSION
EUS-guided drainage and fine-needle injection are
promising therapeutic techniques that have shown
benefits in patients with PFC, biliary obstruction
or pancreatic cancer because they are minimally
invasive, require only a short hospital stay, and are
less costly. However, there is currently no consensus
on these techniques. Participants of a 2011 consortium
agreed that EUS-BD should be performed by trained
pancreaticobiliary endoscopists who complete between
200 and 300 EUS and ERCP procedures annually, and
have appropriate interventional radiology and surgical
[76]
backup . These techniques are highly challenging,
which has constrained their use. To date, the data are
limited because of the retrospective aspect and the
small number of trials; therefore, a larger number of
multicenter trials are required.
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Abstract
AIM: To investigate the expression of HuR in pancreatic
ductal adenocarcinoma (PDA) and to assess the effects
of HuR silencing on the expression of cyclooxygenase-2
(COX-2) and heme oxygenase-1 (HO-1) and the in vitro
response to gemcitabine (GEM) treatment in pancreatic
cell lines.
METHODS: We compared the expression of HuR,
COX-2, and HO-1 in PDA and normal pancreatic
tissue using quantitative reverse transcription
polymerase chain reaction (qRT-PCR) and western
blot. In addition, the HuR, COX-2 and HO-1 were
analyzed in four types of cancer cell lines (MiaPaca2,
Su.86.86, Capan-1, and Capan-2) with and without
GEM treatment. Immunocytofluorescence analysis
was used to investigate HuR localization in cells. Cell
viability and response to GEM after HuR silencing were
determined with the 3-(4,5-dimethylthiazol-2-Yl)-2,5diphenyltetrazolium bromide test and the crystal violet
clonogenic assay, respectively. To measure apoptosis,
activation of caspases 3/7 was evaluated using
immunofluorescence.
RESULTS: In PDA tissue obtained from patients not
treated with GEM, HuR mRNA expression was 3.2
times lower (p < 0.05) and COX-2 and HO-1 mRNA
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expression was 2.3-fold and 7.2-fold higher (p < 0.05),
respectively, than normal pancreatic tissue (from organ
donor). qRT-PCR analysis showed that HuR , COX-2 , and
HO-1 mRNA were overexpressed in all cancer cell lines
treated with the half maximal inhibitory concentration
(IC50) dose of GEM compared with control cells (p <
0.05). Western blot analysis revealed that COX-2 and
HO-1 levels were significantly decreased in cancer
cells after HuR silencing. Furthermore, HuR silencing
increased the response to GEM treatment and
decreased cell viability by 11.6%-53.7% compared
to control cell lines. Caspases 3 and 7 were activated
after HuR silencing and GEM treatment in all pancreatic
cancer cell lines. In comparison, treatment with GEM
alone did not activate caspases 3 and 7 in the same cell
lines.
CONCLUSION: HuR mediated post-transcriptional
upregulation of COX-2 and HO-1 expression after GEM
treatment in pancreatic cancer cells. HuR silencing
significantly increased the effectiveness of GEM
treatment in vitro .
Key words: HuR; Pancreatic cancer; Chemotherapy;
Cyclooxygenase-2; Post-transcriptional regulation;
Heme oxygenase-1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The mRNA binding protein HuR is normally
located in the nucleus and is activated by specific
stressors. HuR has been reported to regulate the
expression of many proteins by different posttranscriptional mechanisms, including mRNA trafficking,
mRNA stabilization, and protein translation. HuR is
also involved in the post-transcriptional modification
of cytoprotective molecules, such as cyclooxygenase-2
and heme oxygenase-1, which may be related to
the increased resistance of pancreatic cancer to
chemotherapy. HuR silencing significantly increases the
effectiveness of gemcitabine treatment in vitro .
Jakstaite A, Maziukiene A, Silkuniene G, Kmieliute K, Gulbinas
A, Dambrauskas Z. HuR mediated post-transcriptional regulation
as a new potential adjuvant therapeutic target in chemotherapy
for pancreatic cancer. World J Gastroenterol 2015; 21(46):
13004-13019 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i46/13004.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i46.13004

INTRODUCTION
Pancreatic cancer has become the fourth leading cause
[1]
of cancer related deaths worldwide . The incidence
of pancreatic cancer is increasing, and it threatens
to become the third leading cause of cancer related
[2]
deaths in Europe, if this trend persists . Pancreatic
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cancer has a very poor prognosis, and, at present,
surgical resection is the only curative treatment.
Unfortunately, most patients are diagnosed at the
stage of metastatic illness, and only 15%-20% of
pancreatic cancer patients are eligible for curative
surgery. However, even after radical surgery, many
relapse locoregionally and/or with distant metastases.
The lethality of pancreatic cancer is undermined
by rapid invasion of the surrounding tissue, early
metastatic disease, and poor response to standard
[3]
chemotherapy and radiotherapy . Currently, surgical
resection and chemotherapy regimens, that include
gemcitabine (GEM) (2′,2′-difluorodeoxycytidine),
provide the best clinical benefits. In fact, for more
than 10 years, GEM has been the reference drug for
[4]
the treatment of this often fatal disease . A number
of new anti-cancer drugs were introduced in the last
decade with the hope of improving the survival of
pancreatic cancer patients. Despite tenacious efforts
to develop new agents, none of the currently available
chemotherapeutic agents have an objective response
[5]
rate higher than 10% . The unchanged outcomes
of pancreatic cancer treatment over the decades
mandate further research to develop novel therapeutic
agents.
Alterations in enzymatic activity and posttranscriptional regulation in tumor cells might be
responsible for the exceptional resistance of pancreatic
cancer to conventional treatment. Normally, posttranscriptional regulation plays a critical role in the
process of cell proliferation and apoptosis, but in cancer
cells, this control might be impaired by changes in
the expression of RNA binding proteins. HuR (ELAV1)
is an RNA binding protein that has been shown to
regulate the expression of multiple genes by different
post-transcriptional mechanisms, including messenger
RNA (mRNA) trafficking, mRNA decay, and protein
[6]
translation . The expression of HuR and other RNA
binding proteins has been shown to be altered in
several pathological conditions, including cancer.
Increasing evidence support HuR as the first RNAbinding protein shown to play a critical role in both
carcinogenesis and cancer progression by functioning
as either an oncogene or a tumor suppressor that
[6]
regulates the expression of various target genes .
Many HuR targeted mRNAs encode stress-response,
immune-response, cell cycle regulatory proteins,
oncogenes, and tumor suppressor genes, including
such therapeutic targets as cyclooxygenase-2 (COX-2)
[7,8]
and heme oxygenase-1 (HO-1) . HuR modulates
these transcripts in response to stimuli, such as
therapeutic agents (i.e., tamoxifen and prostaglandin),
nutrient depletion (polyamines, amino acid starvation),
heat shock, immune stimuli, short-wavelength
ultraviolet (UV) irradiation, oxidants, and transcriptional
[9-11]
inhibitors (actinomycin D)
.
COX-2 (also known as prostaglandin endoperoxide
synthase) is a key enzyme in the biochemical pathway
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leading to the synthesis of prostaglandins. In pancreatic
tumors COX-2 is commonly overexpressed, and pre
clinical evidence indicates that selective COX-2 inhibition
enhances both chemotherapy and radiotherapy respon
[12]
se, without damaging normal tissue .
HO-1 is believed to be the key enzyme involved
in protecting cells against stress. Its overexpression
in different types of human cancers supports the
notion that HO-1 provides a growth advantage and
contributes to cellular resistance against chemotherapy
[13]
[13]
and radiotherapy . A study by Berberat et al
showed that in human pancreatic cancer there was
a 6-fold and 3.5-fold upregulation of HO-1 mRNA
and protein levels, respectively, when compared to
normal pancreatic tissue. Treatment of the pancreatic
cancer cell lines with GEM or radiation further induced
HO-1 expression. In contrast, a targeted knockdown
of HO-1 expression led to pronounced growth in
hibition of pancreatic cancer cells and made tumor
cells significantly more sensitive to radiotherapy and
[13]
chemotherapy .
The role of HuR in regulating the cytoprotective
effects of COX-2 and HO-1 in pancreatic ductal
adenocarcinoma (PDA) is not clear. Previous studies
have demonstrated that HuR expression in PDA
specimens after chemotherapy treatments can be both
[14-16]
cytoplasmic and nuclear
. The aim of our study
was to investigate the expression of the mRNA binding
protein HuR in PDA. In addition, we assessed the
effects of HuR silencing on the expression of COX-2
and HO-1 and its role in chemoresistance of pancreatic
cancer.

MATERIALS AND METHODS
Human pancreatic cancer tissues collection

Human pancreatic cancer cell lines Capan-1, Capan-2,
MiaPaca2, and Su.86.86 were used for analysis. Cells
2
were grown in monolayers in sterile 25 cm capacity
flasks with 5 mL RPMI medium (Gibco/Invitrogen,
Carlsbad, CA, United States). Flasks with cells were
cultured in an incubator and maintained at a moist
temperature of 37 ℃, 5% CO2 enriched environment.
Capan-1, MiaPaca2, and Su.86.86 cells were grown
in RPMI medium (Gibco/Invitrogen) with 10% fetal
bovine serum (FBS) (Gibco/Invitrogen) and 1%
penicillin/streptomycin solution (Gibco/Invitrogen).
Capan-2 cells were grown in RPMI medium with 20%
FBS and 1% penicillin/streptomycin solution.

GEM treatment of cells and IC50 measures

Cells were seeded in 96-well cell culture plates (3
3
× 10 cells/well) and were treated with GEM (Eli
Lilly, Indianapolis, IN, United States) to each well
at separate concentrations of 0, 1, 5, 10, 50, 100,
500, 1000, 2000, and 5000 ng/mL to test the half
maximal inhibitory concentration (IC 50) of GEM.
Treated cells were maintained at 37 ℃ in 5% CO2 for
72 h. To measure the proportion of living cells, the
3-(4,5-dimethylthiazol-2-Yl)-2,5-diphenyltetrazolium
bromide (MTT) method was used (see “MTT viability
test”).
The IC50 was 50 ng/mL for MiaPaca2, 23 ng/mL for
Su.86.86, and 5 µg/mL for Capan-1. Capan-2 failed
the IC50 measurement because of stable viability at
the highest GEM concentration. Therefore, we used
IC40, which was 5 µg/mL GEM, for experiments in the
Capan-2 cell line.

MTT viability test

Pancreatic carcinoma tissues were obtained from 20
patients undergoing a partial duodenopancreatectomy
(Whipple resection) for pancreatic carcinoma. Normal
pancreatic tissue samples were obtained, through an
organ donor program, from six individuals who were
free of pancreatic disease. All normal tissue samples
were obtained from the head of the pancreas to
ensure comparability with the tumor samples. In all
experiments, tissue sections of normal and cancerous
pancreas samples were processed simultaneously
to ensure comparability of the results. Freshly
removed tissue samples were placed in RNALater
(Ambion; Huntingdon, United Kingdom), whereas
tissues for protein extraction were snap frozen in
liquid nitrogen in the operating room upon surgical
removal and maintained at -80 ℃ until use. Ethical
approval was issued by the Ethics Committee of the
Lithuanian University of Health Sciences (Nr. BE-2-10
and BE-2-17). Consent for the use of routine blood
samples, biopsies, and surgical tissue specimens for
research purposes was obtained from all the patients
or their representatives.
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Cell lines and growing conditions

Cell viability was assessed by MTT (Invitrogen). The
culture medium was removed, and the cells were
incubated with MTT (5 mg/mL) for 4 h at 37 ℃. After
4 h incubation, the MTT solution was removed, and
the formazan product was extracted and diluted
with DMSO (Carl Roth GmbH, Karlsruhe, Germany)
by gentle agitation for 15 min. The absorbance was
measured with a Sunrise spectrophotometer (Tecan,
Austria) at a wavelength of 550 nm and reference 620
nm.

Transfection

HuR (sense sequence 5’-GCGUUAUCCGGUUU
GACAtt-3’; antisense sequence 5’-UGUCAAACCGGAU
AAACGCaa-3’) and negative control small interfering
RNAs (siRNA) were purchased from Ambion (Foster
City, CA, United States). Transfection was performed
when cell cultures had reached 70%-80% confluence
2
in 96 or 6-well plates or 25 cm flasks. Lipofectamine
2000 (Gibco/Invitrogen) was used according to
the manufacturer’s instructions for all transfections
with Optimem medium (Gibco/Invitrogen). Some
experiments included two groups of control cells -
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Figure 1 siHuR silencing efficiency in pancreatic cancer cells. siHuR silencing efficiency was evaluated by western blot analysis 72 h after transfection. HuR:
Human antigen R.

untreated control and a control treated with a siRNA
negative control. Transfection efficiency was assessed
using Block-iT alexa fluor red reagents (Invitrogen).
Silencing efficiency was evaluated by western blot
analysis (Figure 1). Transfection of HuR siRNA were
performed 24 h before the GEM treatment. All assays
were performed 72 h after GEM treatment.

RNA extraction and real-time polymerase chain reaction

Total RNA extraction was performed from tissues and
cultured cells using PureLink RNA easy kit (Ambion)
and TRI reagents (Zymo, Irvine, CA, United States),
according to the manufacturer’s protocol. Purified
RNA was quantified and assessed for purity by UV
spectrophotometry (NanoDrop, Wilmington, DE, United
States). Complementary DNA (cDNA) was generated
from 1 µg of RNA with Super Script Vilo Master Mix
(Invitrogen). The amplification of specific RNA was
performed in a 20 µL reaction mixture containing
2 µL of cDNA template, 1 × PCR master mix, and
the primers. The PCR primers used for detection
of HuR, HO-1, and Cox-2 were from Invitrogen:
COX-2: Forward, GAATCATTCACCAGGCAAATTG;
Re ve r s e , TC TG TA C TG C G G G TG G A A C A ; H u R :
Forward, GTGAACTACGTGACCGCGAA; Reverse,
G A C T G G A G C C T C A A G C C G ; H O - 1 : Fo r w a r d ,
TG C TC A A C ATC C A G C TC TTTG A G G A ; Re ve r s e ,
CAGGCAGAGAATGCTGAGTTC. The PCR products were
loaded onto 1.5% agarose gels and visualized with
ethidium bromide under UV light.

Western blot analysis

Whole cells were lysed using RIPA lysis buffer with
protease inhibitors (Roche, Basel, Switzerland) and
centrifuged at 10000 g for 10 min. The supernatants
were assayed for protein concentration with bicin
choninic acid (BCA) protein assay kit (Thermo
Scientific, Boston, MA, United States). Protein samples
were heated at 97 ℃ for 5 min, and 50 µg of the
samples were subjected to 4%-12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to poly-vinylidene fluoride (PVDF)
membranes at 30 V for 50 min. Next, membranes
were blocked with blocking buffer (Invitrogen) for
30 min at room temperature. Membranes were then
incubated overnight at 4 ℃ with primary antibodies.
The following primary antibodies were used: 1:1000
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mouse monoclonal anti-HuR (Invitrogen), rabbit
monoclonal anti-Cox-2 (Abcam, Cambridge, MA,
United States), rabbit monoclonal anti-HO-1 (Abcam)
and mouse monoclonal anti β-actin (Ambion). The
membranes were washed with antibody washing
buffer (Invitrogen) and incubated in the appropriate
peroxidase-conjugated secondary antibody solution
(Invitrogen) for 30 min. Subsequently, membranes
were washed again with antibody washing buffer
(Invitrogen) and incubated with chemiluminescence
substrate (Invitrogen). Results were analyzed with a
UVP documenting system (UVP, Upland, Canada).

Immunofluorescence

Cells were cultivated on chamber slides for 72 h with or
without treatment. A mixture of 96% ethanol with 5%
glacial acetic acid was used for fixation and 0.5% Triton
X-100 for permeabilization. Cells were subsequently
incubated with the primary mouse monoclonal antiHuR antibody (Invitrogen) and secondary Alexa Fluor
488 goat anti-mouse immunoglobulin (IgG) (H +
L) antibody and processed. Cell nuclei were stained
with DAPI (Life Technologies, Carlsbad, CA, United
States) and chamber slides were mounted for analysis
with Olympus IX71 fluorescent confocal microscope
(Olympus Corporation, Tokyo, Japan).
For caspases 3 and 7 activation analysis, CellEvent™
Caspase-3/7 Green ReadyProbes Reagent (Life
Technologies) was used. Cells were prepared according
to the manufacturer’s instructions and analyzed with
Olympus IX71 fluorescent confocal microscope.

Crystal violet staining

The colony formation of pancreatic cancer cells was
evaluated using a crystal violet (CV) stain assay.
The cells were cultivated in 24-well culture plates,
and after 20 min, the stain was removed, and the
wells were rinsed in water. Plates were dried at room
temperature, and morphology of cells was observed
under an Olympus IX71 phase-contrast. Stains from
cells were diluted in 0.5 ml of 50% ethanol diluent for
30 min, and absorption was measured at 550 nm for
quantitative CV analysis.

Statistical analysis

Statistical analysis was performed using SPSS 18.0
software (SPSS Company, Chicago, IL, United States).
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Figure 2 HuR, HO-1 and COX-2 mRNA expression analysis in tissues.
Quantitative reverse transcription polymerase chain reaction (qRT-PCR)
analysis revealed normalized HuR, HO-1, and COX-2 mRNA expression
in normal tissues (n = 6) compared to pancreatic cancer tissues (n = 20)
with standard deviation (p < 0.05). For normalization, β-actin housekeeping
gene and ΔΔCt method was used. HO-1: Heme oxygenase-1; COX-2:
Cyclooxygenase-2; HuR: Human antigen R.

The data are presented as mean ± SE or median
and range. As the hypothesis of “normal distribution
of data” was rejected by the Shapiro-Wilkstest,
nonparametric statistical tests were used. The MannWhitney test was used for comparison of mRNA and
protein expression levels between groups. Statistical
significance was defined as p < 0.05

RESULTS
HuR, HO-1, and COX-2 expression in human PDA tissue

RT-PCR analysis (Figure 2) revealed that HuR mRNA
expression was 3.2-fold lower (p < 0.05) in PDA than
normal pancreatic tissue. The expression of COX-2 and
HO-1 mRNA levels in pancreatic cancer tissue were 2.3
and 6.9-fold higher (p < 0.05 for both), respectively,
compared to normal tissue.
Similarly, the western blot analysis (Figure 3)
showed that the protein level of HuR was 1.8-fold
lower in pancreatic cancer tissues compared to normal
tissue (p < 0.05), while the expression of HO-1 and
COX-2 proteins were, accordingly, 10.8 and 3.2-fold
higher in the pancreatic cancer tissue (Figure 4).

Treatment with GEM induces overexpression of
HuR, HO-1, and COX-2 mRNA and protein in human
pancreatic cancer cells lines

RT-PCR analysis showed that HuR, COX-2, and HO-1
mRNA were overexpressed in Capan-1, Capan-2,
MiaPaca2, and Su.86.86 cell lines treated with the
IC50 dose of GEM compared with control cells (p <
0.05) (Figure 5). HuR mRNA expression was 1.1-1.7
fold higher in cells treated with the IC50 dose of GEM
compared to untreated cell lines (p < 0.05). COX-2
mRNA overexpression was seen in all cell lines and
was 2.1-6.1 fold higher in cells treated with the IC50
dose of GEM (p < 0.05). Only in MiaPaca2 control cells
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Figure 3 Human antigen R protein expression analysis in tissues.
Quantitative western blot analysis revealed 1.8-fold higher expression of HuR in
normal pancreas tissues compared to pancreatic cancer tissues. Colon cancer
tissue was used as a positive control. HuR: Human antigen R.

was COX-2 expression not observed in some of the
experiments. HO-1 mRNA expression was 1.1-4.3 fold
higher in cells treated with IC50 dose of GEM compared
to control (p < 0.05).

HuR silencing sensitizes cancer cells to GEM treatment
by inducing apoptosis

To demonstrate that HuR silencing has an effect
on COX-2 and HO-1 expression and sensitivity to
chemotherapy, pancreatic cancer cell lines were
transfected with either anti-HuR siRNA or control siRNA.
HuR, COX-2, and HO-1 proteins were abundantly
expressed in all cell lines after GEM treatment. Western
blot analysis revealed that expression of these proteins
was decreased in Capan-1, Capan-2, MiaPaca2, and
Su.86.86 cell lines transfected with anti-HuR siRNA and
treated with GEM compared to cells treated with GEM
alone (Figure 6).
Treatment with GEM IC50 dose decreased the
viability of all the studied pancreatic cancer cell lines.
Moreover, HuR siRNA transfection further decreased
cell viability in all cancer cell lines: MiaPaca2 - 53.7%,
Su.86.86 - 49.4%, Capan-1 - 11.6%, and Capan-2 15% (Figure 7). In contrast, transfection with control
siRNA did not affect cell viability or the response to
GEM treatment. Although HuR silencing sensitized
pancreatic cancer cells to GEM, HuR siRNA alone did
not affect cell viability. CV assay also confirmed that
cell viability and adhesion significantly decreased in
cells transfected with anti-HuR siRNA and treated with
GEM when compared to cells that were treated with
GEM alone: MiaPaca2 - 44.2%, Su.86.86 - 62.9%,
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Figure 4 COX-2 and HO-1 protein expression analysis in tissues. Expression of COX-2 and HO-1 proteins was, accordingly, 3.2 and 10.8-fold higher in pancreatic
cancer tissue compared to normal pancreatic tissue. HO-1: Heme oxygenase-1; COX-2: Cyclooxygenase-2.
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Figure 5 HuR, COX-2, and HO-1 mRNA expression in pancreatic cancer cells. Quantitative reverse transcription polymerase chain reaction (qRT-PCR) analysis
revealed higher normalized HuR (A), COX-2 (B), and HO-1 (C) mRNA values in GEM treated cells compared to control cells (p < 0.05). Data from three independent
experiments are shown. For normalization β-actin housekeeping gene and ΔΔCt method was used. HO-1: Heme oxygenase-1; COX-2: Cyclooxygenase-2; HuR:
Human antigen R.
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Figure 6 HuR, HO-1, and COX-2 protein expression analysis in pancreatic cancer cells. The western blot analysis revealed differences in protein level between
control cells and cells treated with gemcitabine (GEM) and cells treated with GEM after HuR silencing (A). The quantitative Western blot analysis revealed the relative
concentration of COX-2 (B), HuR (C), and HO-1 (D) in each of the experimental groups. HO-1: Heme oxygenase-1; COX-2: Cyclooxygenase-2; HuR: Human antigen R.

Capan-1 - 19.6%, and Capan-2 - 25.9% (Figure 8).
The microscopic image analysis revealed morphological
changes of pancreatic cancer cells after adjuvant
treatment (Figure 9). While GEM treatment increased
cell size 2-5 times, on average, a combination of antiHuR siRNA and GEM treatment resulted in decreased
cell size and loss of typical morphology (many cells
became shapeless, spherical, and/or fragmented).
Based on previous findings of other authors and
aforementioned observations, we hypothesized that
HuR silencing induced cell cycle arrest and/or apoptosis.
To verify the induction of apoptosis, the activity of
cleaved caspases 3 and 7 was evaluated. Fluorescence
microscopy analysis showed the activation of caspases
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3 and 7 after HuR silencing and GEM treatment in all
pancreatic cancer cell lines (Figure 10). In comparison,
treatment with GEM alone did not activate caspases 3
and 7 in the same cell lines.

HuR proteins shuttle from the nucleus to the cytoplasm
in human pancreatic cancer cell lines

HuR is predominantly nuclear, but in response
to various stimuli, it mobilizes to the cytoplasm,
prolonging target mRNA half-life and modulating target
[6]
mRNA translation . In our analysis, HuR protein
was mainly localized to the nucleus of non-treated
pancreatic cancer cells (Figure 11). Strong cytoplasmic
expression was seen only in MiaPaca2 and Su.86.86
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Figure 7 Cell viability analysis (MTT). Viability was analyzed in control cells, cells treated with gemcitabine (GEM) IC50, siHUR alone, and GEM IC50 treatment after
HuR siRNA. Transfection with HuR siRNA had little or no effect on cell viability, while HuR silencing dramatically increased response of pancreatic cancer cells to the
GEM treatment. HuR: Human antigen R.
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Figure 8 Colony formation of pancreatic cancer cells (crystal violet). A: The colony formation (CV analysis) in 12-well plates; B: Quantitative CV analysis showed
that cell surface coverage area was decreased in cells treated with GEM IC50 after HuR siRNA transfection compared with cells treated only with GEM IC50. HuR:
Human antigen R; CV: Crystal violet.
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Figure 9 Morphological changes in the microscopic image of pancreatic cancer cells (magnification × 20). Cells became enlarged after gemcitabine (GEM)
treatment but became smaller, shapeless or spherical, and fragmented after combined HuR siRNA transfection and GEM treatment. HuR: Human antigen R. Average
cell size is labeled by yellow dashes.

cells after GEM treatment. Cytoplasmic HuR expression
was less pronounced in Capan-1 and Capan-2 cell lines.

DISCUSSION
Published investigations on the biological activity
WJG|www.wjgnet.com

of HuR indicate that it is a crucial regulator of posttranscriptional gene expression and a key player in
carcinogenesis and chemoresistance of panreatic
cancer. Multiple functions of HuR are linked to its ability
to recognize, bind, and stabilize a large subset of AU
rich element (ARE)-containing mRNAs. The HuR target
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Figure 10 Analysis of caspases 3 and 7 activation in cells. Caspases 3 and 7 were activated in all cell lines treated with GEM after HuR silencing but not after
GEM alone treatment.

mRNAs encode a variety of factors required for cancer
cell proliferation, survival, angiogenesis, invasion, and
[6,17,18]
metastasis
.
Cellular expression of HuR is associated with
carcinogenesis and poor clinical outcomes in lung,
breast, oral, gallbladder, colon, and urinary tract
[6,19-28]
cancers
. Recent findings established that HuR is
a critical regulator of pancreatic cancer cell metabolism
[29]
and survival under acute glucose deprivation .
Another study demonstrated that stressing PDA cells
by treatment with DNA-damaging anticancer agents
[mitomycin C, oxaliplatin, cisplatin, carboplatin, and
a poly (ADP-ribose) polymerase (PARP) inhibitor]
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resulted in translocation of HuRs from the nucleus
to the cytoplasm. Importantly, silencing of HuR
in pancreatic cancer cells sensitized the cells to
these agents, whereas overexpressing HuR caused
resistance. The role of HuR in the efficacy of DNAdamaging agents in pancreatic cancer cells was, in
part, attributed to the acute upregulation of WEE1 by
HuR. WEE1, a mitotic inhibitor kinase, regulates the
DNA damage repair pathway. Therapeutic inhibition of
WEE1, in combination with chemotherapy, is currently
in early phase trials for the treatment of pancreatic
[30]
cancer .
In the present study, we hypothesised that HuR
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Figure 11 Immunofluorescence analysis of HuR protein expression. Nuclear and cytoplasmic HuR expression was analyzed in control and treated with
gemcitabine (GEM) cell lines. Shuttling of HuR from the nucleus to the cytoplasm was seen in cells after GEM treatment.

silencing would sensitize pancreatic cancer cells to
GEM treatment by reducing the activity of COX-2 and
HO-1 and inducing apoptosis. We speculated that the
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upregulation of these cytoprotective and anti-apoptotic
molecules is mediated by the mRNA binding protein
HuR, resulting in increased cancer cell resistance to
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adjuvant chemotherapy. Data from the present study
showed that mRNA and protein expression of HuR was
2-3 times lower in PDA tissue samples from patients
not treated with GEM relative to normal pancreas
tissue samples. Many previous reports showed that
HuR expression in cancer cells was higher than
normal cells. We want to emphasize, however, that
these studies used GEM treated pancreatic cancer
tissues, whereas we used pancreatic cancer tissue not
treated with GEM. Cellular analysis showed that HuR
expression was increased after GEM treatment.
The expression of the HuR regulated cytoprotective
molecules HO-1 and COX-2 proteins was 10.8 and
3.2-fold higher, respectively, in pancreatic cancer
tissue. An in vitro study revealed that treatment with
an IC50 dose of GEM significantly upregulated HuR,
HO-1, and COX-2 expression, both at the mRNA and
protein level, in Capan-1 Capan-2, MiaPaca2, and
Su.86.86 cell lines.
It is well established that intracellular HuR is
predominantly localized within the nucleus of resting
cells. The translocation from the nucleus to the
cytoplasm appears to be an important aspect of the
stabilizing function of HuR. Many stress stimulators,
including chemotherapy by GEM, have been reported
to induce the shuttling of HuR from the nucleus to the
cytoplasm, and most exogenous stimuli significantly
[6]
increase cytoplasmic accumulation of HuR protein .
The present study confirmed that GEM treatment
leads to the shuttling of HuR protein from the nucleus
into the cytoplasm in MiaPaca2, Su.86.86, Capan-1,
and Capan-2 human pancreatic cancer cell lines.
These findings support the hypothesis that HuR is
an important molecule that is associated with the
regulation of increased cancer cell resistance to
extrinsic insults, such as chemotherapy, oxidative
stress, heat shock, and/or nutrient deprivation.
The need for adjuvant therapy for pancreatic
cancer is based on the high risk of local and systemic
disease recurrence and the overall poor prognosis
after tumor resection. For more than a decade, GEM
has been used as the first-line chemotherapy drug
for pancreatic cancer. Treatment failure using GEM
or other chemotherapy agents indicates suboptimal
blockage of cancer survival signals, which may be
maintained by the crosstalk of signal transduction
[31]
pathways or drug resistance . One of the possible
molecular mechanisms determining the increased
resistance to chemotherapeutic agents is posttranscriptional regulation by mRNA binding proteins.
The expression and activity of RNA binding proteins
could be regulated by a number of intrinsic and
extrinsic pathways, and, thus, they potentially could
become an important group of new therapeutic
[32]
targets . The data from the current study supports
the notion that GEM induces HuR shuttling from the
nucleus into the cytoplasm in pancreatic cancer cells.
This results in upregulation of cytoprotective and/or
anti-apoptotic molecules and leads to the resistance
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to the standard anti-cancer treatment. Moreover, HuR
silencing by siRNA transfection significantly increased
cancer cell susceptibility to GEM in all cancer cell lines.
The fluorescent microscopy analysis showed cleaved
caspases 3 and 7 activation after HuR silencing and
GEM treatment in all pancreatic cancer cells lines, while
treatment with GEM alone did not activate caspases 3
and 7 in the same cell lines.
These findings are in contrast with previously
published data showing that patients who receive
GEM with low cytoplasmic HuR levels (compared to
high cytoplasmic HuR levels) have a 7-fold higher
risk of mortality, after adjusting for variables, such
as as age, sex, capecitabine use, and radiation
therapy. That study revealed in pancreatic cancer
cells that HuR associated with deoxycytidine kinase
(dCK) mRNA, which encodes the enzyme that
metabolizes and thereby activates GEM. Accordingly,
HuR overexpression elevated dCK protein expression
in pancreatic cancer cells and sensitized them to
[33,34]
GEM treatment
. We did not analyze CK protein
expression in this study, and available data does not
support this concept. Possibly, post-transciptional
regulation via the mRNA binding proteins is much
more complex and multimodal. Therefore, these
findings mandate further in vitro and clinical research
in this field.
However, some findings of our group are in
complete concordance with the data from other
studies. In the HuR-knockdown oral cancer cells, the
cytoplasmic expression of c-fos, c-myc, and COX-2
mRNAs was inhibited compared to cells transfected with
control siRNA. In addition, the half-lives of these mRNAs
were shorter than those of their counterparts in the
control cells. The expression of cell cycle proteins, such
as cyclin A, cyclin B1, cyclin D1, and cyclin-dependent
kinase 1, was reduced in HuR-knockdown cancer cells.
Additionally, the motile and invasive activities of the
cells decreased remarkably after the HuR knockdown.
Therefore, HuR knockdown changes the features of
oral cancer cells, at least in part, by affecting their cell
cycle and shows potential as an effective therapeutic
[35]
approach . Another group reported that HuR
translocates from the nucleus to the cytoplasm of PDA
cells upon treatment with a death receptor 5 (DR5)
agonist. High doses of DR5 agonist induced cleavage
of both HuR and caspase 8. This finding demonstrates
a feedback mechanism elicited by HuR-mediated
repression of the key apoptotic membrane protein
[14]
DR5 . HuR translocated into the cytoplasm upon
lethal stress, by a mechanism involving its association
with the apoptosome activator pp32/putative HLA
Ⅱ-associated protein 1 (PHAP-I). Depleting the
expression of pp32/PHAP-I by RNA interference reduced
both HuR cytoplasmic accumulation and the efficiency
of caspases 3 and 7 activation. This model, in which
HuR association with pp32/PHAP-I and its caspasemediated cleavage constitutes a regulatory step that,
[36]
contributes to an amplified apoptotic response .

13016

December 14, 2015|Volume 21|Issue 46|

Jakstaite A et al . HuR mediated chemoresistance in pancreatic cancer
These data indicated that HuR silencing not only
downregulated the activity of COX-2 and HO-1 but also
increased the pancreatic cancer cell susceptibility to
GEM by altering the cell cycle and inducing apoptosis.
Earlier studies supported the notion that reduced levels
of COX-2 and HO-1 proteins can increase the response
[13,37]
to GEM in pancreatic and other cancers
.
Previous studies have demonstrated that COX-2
was scarcely expressed in the majority of normal
pancreatic tissue but increased levels of the molecule
[38]
were detected in pancreatic cancer tissue . A large
amount of epidemiological and experimental evidence
supports the role of COX-2 in human tumorigenesis,
particularly in colorectal cancer. COX-2 mediates
carcinogenesis through the production of 15(R)-15methyl prostaglandin E2 (mPGE2), which inhibits
apoptosis, promotes cell proliferation, stimulates angio
[39]
genesis, and downgrades the immune response .
These findings are fully in accordance with the results
of our current study.
Our study demonstrated that HO-1 was over
expressed in the PDA tissues. Normally, HO catabolizes
the free heme and its stress-responsive isoenzyme
HO-1 is known to protect against apoptosis.
Catabolism of free heme, which sensitizes cells to
apoptosis, is believed to underlie the cytoprotective
[40]
mechanism of HO-1 .
There are some limitations of our study. It would
be useful to investigate and compare the expression
of HuR, COX-2, and HO-1 in PDA tissue obtained both
from GEM treated and non-treated patients in order
to fully understand the underlying mechanism and the
role of HuR mediated post-transcriptional regulation
for the exceptional resistance of pancreatic cancer to
the conventional treatment. However, it is not routine
practice to give neoadjuvant chemotherapy with
GEM (or any other chemotherapeutic drug) prior to
pancreatoduodenal resection in our hospital. Therefore,
it is not possible to obtain pancreatic cancer tissue
samples after GEM treatment for research purposes in
our institution. Although this issue is a limitation of our
study, we believe that the overall results are sufficient
to demonstrate that HuR plays an important role in the
chemoresistance of pancreatic cancer cells.
In conclusion, results of the study demonstrated
that the expression of the mRNA binding protein HuR
is relatively low in PDA tissue (from patients without
previous adjuvant chemo- and/or radiotherapy).
Our in vitro study confirms that GEM treatment
strongly induces HuR expression in all pancreatic
cancer cells lines evaluated. The stabilization and
increased translation of HuR target mRNAs results in
overexpression of cytoprotective and anti-apoptotic
proteins COX-2 and HO-1, which translated to
increased resistance to GEM treatment. HuR silencing
significantly decreased COX-2 and HO-1 expression
and sensitized pancreatic cancer cells to GEM
treatment. We propose that HuR is a new important
therapeutic target in adjuvant treatment of human
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pancreatic cancer.
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Abstract
AIM: To investigate the preventive effect of kefir on
colitis induced with dextran sulfate sodium (DSS) in
rats.
METHODS: Twenty-four male Wistar-albino rats were
randomized into four groups: normal control, kefircontrol, colitis, and kefir-colitis groups. Rats in the
normal and kefir-control groups were administered
tap water as drinking water for 14 d. Rats in the
colitis and kefir-colitis groups were administered
a 3% DSS solution as drinking water for 8-14 d to
induce colitis. Rats in the kefir-control and kefir-colitis
groups were administered 5 mL kefir once a day for
14 d while rats in the normal control and colitis group
were administered an identical volume of the placebo
(skim milk) using an orogastric feeding tube. Clinical
colitis was evaluated with reference to the disease
activity index (DAI), based on daily weight loss, stool
consistency, and presence of bleeding in feces. Rats
th
were sacrificed on the 15 day, blood specimens were
collected, and colon tissues were rapidly removed.
Levels of myeloperoxidase (MPO), tumor necrosis
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factor (TNF)-α, interleukin (IL)-10, malondialdehyde,
and inducible nitric oxide synthase (iNOS) were
measured in colon tissue.
RESULTS: The DAI was lower in the kefir-colitis
rd
th
group than in the colitis group (on the 3 and 5
days of colitis induction; P < 0.01). The DAI was also
significantly higher in the colitis group between days
2 and 6 of colitis induction when compared to the
normal control and kefir-control groups. The DAI was
th
statistically higher only on the 6 day in the kefircolitis group when compared to that in the normal
control groups. Increased colon weight and decreased
colon length were observed in colitis-induced rats.
Mean colon length in the colitis group was significantly
shorter than that of the kefir-control group. Kefir
treatment significantly decreased histologic colitis
scores (P < 0.05). MPO activity in the colitis group
was significantly higher than in the kefir-control group
(P < 0.05). Kefir treatment significantly reduced the
DSS colitis-induced TNF-α increase (P < 0.01). No
statistically significant differences were observed
among groups for IL-10 and MDA levels. Colon tissue
iNOS levels in the colitis group were significantly higher
than those in the control and kefir-colitis groups (P <
0.05).
CONCLUSION: Kefir reduces the clinical DAI and
histologic colitis scores in a DSS-induced colitis model,
possibly via reduction of MPO, TNF-α, and iNOS levels.
Key words: Colitis; Dextran sulfate sodium; Inflam
matory bowel disease; Kefir; Probiotic
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study aimed to determine the
pathophysiology for the preventive effect of kefir
on colitis induced with dextran sulfate sodium in
rats. The results show that kefir reduces the clinical
disease activity index and histologic colitis scores in an
experimental colitis model induced with 3% dextran
sulfate sodium. The mechanisms of these beneficial
effects of kefir include reductions in myeloperoxidase,
tumor necrosis factor-α, and inducible nitric oxide
synthase levels. Indeed, the results of this study show
that the therapeutic administration of kefir may have
a place in the clinical treatment of inflammatory bowel
diseases.
Senol A, Isler M, Sutcu R, Akin M, Cakir E, Ceyhan BM, Kockar
MC. Kefir treatment ameliorates dextran sulfate sodium-induced
colitis in rats. World J Gastroenterol 2015; 21(46): 13020-13029
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i46/13020.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i46.13020
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INTRODUCTION
The pathogenesis of inflammatory bowel disease (IBD)
is not well understood, though there is strong evidence
of an abnormal mucosal immune system response
against intestinal lumen antigens in genetically
[1-5]
sensitive individuals
. An intestinal microflora
balance in favor of pathogenic bacterial species is
[6,7]
observed in patients with IBD , and studies suggest
that enteric flora strongly influence disease occurrence
[8-10]
and progression
. Broad-spectrum antibiotics
affect intestinal flora and so aid the treatment of
ulcerative colitis and Crohn’s disease. The elimination
of pathogens responsible for the disease, inhibition of
bacterial secretory products and secondary bacterial
invasion can contribute towards the efficacy of anti
[11]
bacterial treatment .
Intestinal microflora may also be modified with
probiotic treatments, and in recent years, studies have
shown that modification of the intestinal microflora
with probiotic treatments could in fact be a new
therapeutic modality.
The probiotic bacteria Lactobacillus salivarius has
been determined to significantly reduce inflammation
indicators in the colon and proinflammatory cytokine
production in splenocytes in interleukin (IL)-10
[12]
knockout mice . It has furthermore been reported that
spontaneous development of intestinal inflammation
[13]
can be prevented by Escherichia coli ssp. , and DNA
from the probiotic VSL#3 reduces production of tumor
necrosis factor (TNF)-α and interferon (IFN)-γ in the
colon, and attenuates histologic colitis scores in IL-10
[14]
knockout mice .
It has been shown that p75 and p40 proteins,
which are obtained from Lactobacillus rhamnosus
GG culture supernatant, inhibit epithelial injury to
[15]
the colon stimulated by TNF . Probiotics stimulate
[16-18]
mucin gene expression in colonic epithelial cells
.
It has also been reported that some lactobacillus and
[19,20]
bifidobacteria produce antioxidant substances
.
Kefir, a natural probiotic beverage, is a fermented
milk product of Caucasian origin. Fermentation is
facilitated by a complex combination of yeast and
bacteria, and the combination of this complex includes
lactobacillus, streptococcus, acetobacteria, and yeasts.
The aim of this study was to investigate the
protective effects of kefir in dextran sulfate sodium
(DSS)-induced colitis in rats. This study also was
proposed to determine the activity of myeloperoxidase
(MPO), concentrations of malondialdehyde (MDA),
TNF-α, IL-10, and inducible nitric oxide synthase (iNOS)
in colon tissue.

MATERIALS AND METHODS
This study was performed at the Experimental
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Research and Biochemistry Laboratories, Medical
School of Suleyman Demirel University, with the
approval of the ethical committee of Medical School
of Suleyman Demirel University (protocol no:
08.08.2007.06/09). All animals received care in
compliance with the “Principles of Laboratory Animal
Care”(www.nap.edu/catalog/5140.html).

Experimental animals

Twenty-four 18-wk-old Wistar-albino male rats
weighing between 198-264 g were used. Animals were
housed in a temperature-controlled room (23 ± 2 ℃)
with illumination (12 h each of light and darkness)
during the study period. Animals were placed in
separate cages and fed with standard food. Cables
were laid in the cages to prevent coprophagy.

Kefir

®

A commercial kefir culture (Danisco , Poland) was
used in this study and contents included Lactobacillus
lactis subs., Leuconostoc subs., Streptococcus
thermophilus, Lactobasillus subs. and yeast of kefir.
Fermentation was obtained by incubation at 26 ℃ for
16 h.

Induction of colitis

Colitis was induced by administering a 3% DSS
solution (3% [w/v] DSS, MW = 40.00 Fluka-RA10585;
Sigma-Aldrich, St. Louis, MO, United States) to animals
in lieu of normal tap water for a period of 7 d.
The DSS solution was prepared daily and daily
water intake was recorded. Either kefir or placebo (skim
milk) was administered orogastrically with a 4F feeding
tube between 9 am and 10 am. Control of whether
or not the tube was in the trachea was performed
by putting the extended edge into water. Anesthetic
agents were not used during the procedure.

Experimental protocol

Rats were randomly divided into four groups of six
animals each. Group Ⅰ was the normal control group,
and a once daily dose of placebo (5 mL skim milk) was
administered orogastrically for 14 d. Animals in this
group had access to normal tap water for the full 14-d
study period. Group Ⅱ was the kefir-control group,
and once daily dose of kefir (5 mL) was administered
orogastrically for 14 d. Animal in this group had access
to normal tap water for to full 14-d study period.
Group Ⅲ was the colitis group, and a once-daily
dose of placebo (5 mL skim milk) was administered
orogastrically for 14 d; they had drinking water with 3%
th
th
DSS on the 8 and 14 days to stimulate colitis. Group
Ⅳ was the kefir-colitis group, and a once-daily dose of
kefir (5 mL) was administered orogastrically for 14 d;
th
they had drinking water with 3% DSS on the 8 and
th
14 days to stimulate colitis.
Body weight was recorded daily and general
condition and stool features were recorded three
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th

times a day during the study period. On the 15 day,
between 9 am and 10 am, ketamine hydrochloride (80
mg/kg) and xylazine (10 mg/kg) were administered
intraperitoneally and weight was measured under
anesthesia. A midline incision was made using a sterile
technique and blood was collected from the cardiac
ventricle. Blood serum was separated and stored at
-80 ℃.
The full colon between the ileocecal junction
and the anus was swiftly removed and opened
longitudinally along the mesenteric fixation line. Colons
were washed in PBS in a frozen water tank and lightly
dried with filter paper. The length and weight of the
entire colons were then measured.
A distal colon segment of 10 cm proximal to the
anus was separated into two pieces: proximal and
distal. The distal segment was placed in a formalin
solution for histopathologic examination. The pro
ximal segment was used for Western blot analysis,
biochemical examinations, and cytokine determination.

Evaluation of disease activity index

Loss of body weight, stool consistency, and presence of
bleeding in feces were noted. The detailed information
[21]
is listed in Table 1 .

Histopathologic examination

Histopathologic examinations were performed by a
blinded, unbiased pathologist. After tissue processing,
sections 5 μm thick were cut from paraffin blocks
and stained with hematoxylin eosin. Histopathologic
evaluation was performed according to criteria
presented in Table 2. A score between 0-30 was
[22]
obtained .

Biochemical analyses

Colonic tissue was homogenized, and levels of MPO,
TNF-α, and IL-10 were measured by enzyme-linked
immunosorbent assay (ELISA), MDA by HPLC, and
iNOS by Western blot.
MPO concentration in homogenized supernatants
was determined with an ELISA kit (AG-K6631-061109;
Immunodiagnostic Systems, United Kingdom)
according to the manufacturer’s instructions. The
level expressed as ng/mg protein. TNF-α and IL-10
concentrations were also determined with ELISA kits
(ASSAYPRO LLC, St. Charles, MO, United States;
Biosource of Thermo Fisher Scientific, Waltham, MA,
United States), and levels are expressed as pg/mg
protein.
MDA was determined by HPLC using a Thermo
Finnigan Spectra system with a diode array detector
(Thermo Fisher Scientific). Alkaline supernatants,
which were obtained from colonic tissue, were
incubated in a water bath for 30 min at 60 ℃ (for
the hydrolysis of protein-bound MDA). After the
cooling of examples, 30% perchlorate was added to
precipitate the proteins. The mixture was centrifuged

13022

December 14, 2015|Volume 21|Issue 46|

Senol A et al . Kefir effect on experimental colitis model
Table 1 Scoring of disease activity index
Score
0
1
2
3
4

Table 3 Colon length and weights according to groups

Weight loss (%)

Stool consistency

Occult/gross bleeding

None
1-5
5-10
10-20
> 20

Normal

Negative

Groups
Normal control
Kefir-control
Colitis
Kefir-colitis

Loose stool
Diarrhea

Colon weight (g)

Colon length (cm)

1.48 ± 0.02
1.51 ± 0.02
1.58 ± 0.04
1.65 ± 0.09

17.38 ± 0.17
17.44 ± 0.18a
16.70 ± 0.21
16.83 ± 0.16

Gross bleeding

Disease activity index = (combined score of weight loss, stool consistency,
and bleeding)/3.

Data is presented as mean ± SD. Analysis of variance indicated a difference
among the groups with respect to colon length only (P < 0.05); aP < 0.05 vs
colitis via Tukey’s post-hoc test.

was considered statistically significant.

Table 2 Microscopic colitis score
Mucosal epithelium
Ulceration; none (0); mild surface (1); moderate (2);
extensive-full thickness (3)
Crypts
Mitotic activity; lower third (0); mild mid-third (1);
moderate mid-third (2); upper third (3)
Neutrophilic infiltrate
Mucus depletion
Lamina propria
Plasmacytoid infiltrate
Neutrophilic infiltrate
Vascularity
Fibrin deposition
None (0); mucosal (1); submucosal (2); transmural (3)
Submucosal
Neutrophilic infiltrate
Edema

RESULTS
Evaluation of the disease activity index

The disease activity index (DAI) in the colitis group
was statistically higher than that of the kefir-colitis
group between days 3 and 5 of colitis induction (P
< 0.01). The DAI was also significantly higher in the
colitis group between days 2 and 6 of colitis induction
when compared to the normal control and kefir-control
groups. The DAI was statistically higher only on the
th
6 day in the kefir-colitis group when compared to
that in the normal control groups. The DAI was not
th
evaluated on the 7 day (the day of the procedure) as
animals were starved for 12 h prior. The DAI process is
presented in Figure 1.

Scoring scale: 0, none; 1, mild; 2, moderate; 3, severe; maximum score = 30.

Length and weight of colon
at 2800 × g; 250 μL of supernatant was transferred
to microcentrifuge tubes and then 25 μL dinitrophenyl
hydrazine (5 mmol/L) was added. Finally, 50 μL
samples were left in the dark for 30 min, then injected
into the HPLC system. Results are presented as mmol/g
protein.
For Western blotting analyses, 80 μg protein
for each sample was separated by SDS-PAGE and
transferred to nitrocellulose membrane. The membrane
was probed with anti-iNOS antibody (1:1000) and then
incubated with horseradish peroxidase-conjugated
anti-mouse antibody (1:5000) at room temperature.
Immunoreaction was visualized with an enhanced
chemiluminescence system. Total protein levels were
[23]
determined by the Lowry method .

Statistical analysis

Data are presented as the mean ± SD. The importance
of quantitative data differentiation between groups
was determined by one-way analysis of followed
by a Tukey’s post-hoc test where appropriate. Kru
skall-Wallis analysis was used for evaluating the
importance of microscopic colitis score differences
between experimental groups. If this analysis showed
significant differentiation, the relevant group was
investigated using the Mann-Whitney U test. P < 0.05
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Differences in the length and weights of rats are
presented in Table 3. Kefir administration did not have
a significant effect on either the length or weight of
normal rats. However, increased colon weight and
decreased colon length were observed in colitisinduced rats. The colon weight increase was greater
in the kefir-colitis group than in the colitis group.
Nonetheless, no significant difference was observed
among the groups in terms of colon weights. Mean
colon length in the colitis group was significantly
shorter than that of the kefir-control group (P < 0.05).

Microscopic colitis scoring

Kefir treatment significantly reduced histologic colitis
scores (P < 0.05; Figure 2). The criteria used in
histologic evaluation were the same as those generally
used in DSS colitis. According to these criteria, kefir
treatment appears to improve the histology of colitis.
However, submucosal inflammation was observed in
the kefir-treated groups (Figure 3).

MPO activity in colon tissue

DSS increased MPO activity in colonic tissue. Treat
ment with kefir eliminated this increase in DSSinduced MPO activity. MPO activity in the colitis group
was significantly higher than that of the kefir-control
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Normal control
2.5

50

Colitis

MPO (ng/mg protein)

Disease activity index

60

Kefir-control
Kefir-colitis

2.0
1.5
1.0
0.5
0.0
1

2

3

4

5

40
30

10
0

6

t /d

12
10
8
4

a

b

2

Kefir-colitis

a

60
50
40
30
20
10

0
Normal control

Kefir-control

Colitis

Kefir-colitis

0

a

Figure 2 Microscopic colitis scores according to groups. P < 0.01 vs
colitis group and kefir-colitis group; bP < 0.01 vs colitis group; cP < 0.05 vs kefircolitis group.

A

Colitis

70
TNF-α (pg/mg protein)

Microscopic colitis scores

80

c

14

6

Normal control Kefir-control

Figure 4 Colonic myeloperoxidase activities. aP < 0.05 vs colitis group.
MPO: Myeloperoxidase.

Figure 1 Disease activity index according to groups.

16

a

20

Normal control

Kefir-control

Colitis

Kefir-colitis

Figure 5 Colonic tumor necrosis factor-α concentrations. aP < 0.01 vs
kefir-colitis group. TNF: Tumor necrosis factor.

group (P < 0.05; Figure 4).

B

TNF-α level in colon tissue

Induction of colitis increased TNF-α concentrations
in colonic tissue, though levels were not significantly
different when compared to either the normal control
or kefir-control groups. Elevated TNF-α levels induced
by DSS colitis were, however, significantly reduced by
kefir treatment (P < 0.01; Figure 5).

IL-10 levels in colon tissue
C

No statistically significant differences were observed
among the groups for IL-10 levels (Figure 6).

D

MDA level in colon tissue

MDA levels in colon tissue were higher in the colitis
group than other groups, but the differences were not
statistically significant (Figure 7).

iNOS level in colon tissue

Figure 3 Histologic images of rat colon. A: Normal control; B: Kefir-control,
mild acute inflammation in Lamina propria; C: Colitis, extensive ulceration of
the surface epithelium and crypt loss; D: Kefir-colitis, ulceration of the epithelial
surface and crypt loss, mild inflammation, and moderate submucosal edema
(HE, magnification × 100).
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iNOS expression as determined by Western blot
is shown in Figure 8. Colon iNOS expression was
significantly higher in the colitis group than in either
the normal control or kefir-control groups (P < 0.05;
Figure 9).

DISCUSSION
[24]

Efficacy of probiotic treatment in Crohn’s disease
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Figure 8 Inducible nitric oxide synthase expression. Western blot showing
protein levels according to group.
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Figure 6 Interleukin-10 concentration in the colon. IL: Interleukin.
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Figure 9 Inducible nitric oxide synthase concentration according to
groups. aP < 0.05 vs colitis group; bP < 0.05 vs colitis group.

Kefir-colitis

Figure 7 Malondialdehyde concentration in the colon. MDA: Malondialdehyde.
[25,26]

[7,27,28]

pouchitis
, and ulcerative colitis
has been
previously shown. The period of remission was
significantly shortened in ulcerative colitis patients
when treated with a preparation of VSL#3, a probiotic
combination of eight bacteria species, and balsalazin,
than when a single- treatment of balsalazide or
mesalazine was administered. In addition, remission
induction rate was increased and improved endoscopic
[9,10]
and histologic findings were obtained
. In another
study, 187 patients with ulcerative colitis in remission
were evaluated at 6 and 12 mo after treatment
with either Lactobacillus GG, Lactobacillus GG +
mesalazine, or mesalazine exclusively, and the
results showed that Lactobacillus GG was as effective
as mesalazine in maintaining remission in these
[29,30]
patients
.
In the present study, DSS-induced colitis model
was the preferred experimental model. In rodents,
DSS-induced colitis is a well-established model
that reflects the major clinical and histopathologic
features of human ulcerative colitis. DSS impairs the
[31]
barrier function of epithelial cells in the intestine ,
and luminal bacterial antigens activate the inherent
immune response by reaching lamina propria easier
[32]
and stimulate inflammation . Inflammatory changes,
such as weight loss, hemorrhagic diarrhea, and
histopathologic erosion in crypts, are observed with the
[21]
addition of DSS to fresh drinking water in rodents .
In the literature, colitis models induced by a
1.5%-5% DSS solution have been reported. The
severity of colitis increases concordantly with DSS
[33-36]
concentration
. In the present study, a 3% DSS
solution resulted in mild-medium severity colitis.
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The present study found that kefir treatment
reduces clinical DAI in DSS-induced colitis and that
rd
this reduction was statistically significant on the 3
th
and 5 days of colitis induction. We further observed
that kefir-treatment reduces histologic colitis scores,
supporting clinical findings. However, we observed
submucosal inflammation due to kefir-treatment in
both control and colitis-induced rats. It is well known
that there is continuous and persistent “intestinal
inflammatory response” in the intestinal mucosa
[37]
(physiologic inflammation) . Our hypothesis in
this context is that kefir might augment physiologic
inflammation. We found that colon weights were
greater in kefir-treated and colitis-induced rats than in
colitis-induced but not kefir-treated rats. Kefir-induced
submucosal inflammation could be the reason for this
increased colon weight.
MPO in neutrophil granules converts hydrogen
peroxide to hypochloric acid in the presence of chlorine
ions. Hypochloric acid is both a potent oxidant as
well as an antimicrobial agent. In the presence of
inflammation, leukocyte infiltration of colonic mucosa
and release of free oxygen radicals from activated
leukocytes induces proinflammatory cytokine release
[38]
and tissue injury progress . Some investigators
have reported that an increase in free oxygen radicals
induces nuclear factor (NF)-κB, which in turn elevates
TNF-α production and further contributes to the
[39]
inflammatory process .
In the present study, MPO levels in the colitis group
were two times higher than in the control and kefircontrol groups, and statistically different from the kefircontrol group. MPO levels in the kefir-colitis group were
in line with those in the control group. These findings
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could provide evidence for the protective effect of kefir
against tissue injury by reducing elevated MPO levels
in inflammation.
Cytokines play an important role in the modulation
of the immune system. In the pathogenesis of IBD,
it is accepted that the pro- and anti-inflammatory
[40]
cytokine balance is altered . Colon biopsies in IBD
show an increase in proinflammatory cytokine levels
including IL-1, IL-2, IL-6, IL-8, IFN-γ, and TNF, as well
as a decrease in anti-inflammatory cytokines such as
[31,40]
[40]
IL-4
. Obermeimer et al reported that production
of the proinflammatory cytokines TNF and IFN-γ is
observed during chronic processes, such as in the
DSS-induced colitis model.
Oxidative stress, cytokines (IL-1, IL-6, and TNF-α),
bacteria, and viruses may augment the inflammatory
process by stimulating NF-κB activation. A study
evaluating the effect of probiotics for the prevention of
relapse in patients with ulcerative colitis showed that
a probiotic preparation of three bifidobacteria strains
inhibited proinflammatory cytokine (TNF-α, IL-1b)
[41]
expression by impeding NF-κB activation .
A study investigating the effect of a probiotic
combination including Lactobacillus and Bifido
bacterium spp. in a rat model of colitis induced by
4% DSS showed that TNF-α levels in colon mucosa
were significantly elevated in the colitis group when
compared to both the control and probiotic-colitis
[42]
groups . In the present study, we also found that
tissue TNF-α levels were significantly higher in colitisinduced rats compared to the control groups. Our
results furthermore show that kefir treatment lessens
the increase in tissue TNF-α concentration that occurs
with DSS-induced colitis, which supports the concept
that inhibition of proinflammatory cytokine production
is one of the most important beneficial effects of this
treatment.
IL-10 is synthesized by T-cells, B cells, and mono
[43]
cytes activated by lipopolysaccharides . It inhibits
proinflammatory cytokines synthesized by activated
macrophages during inflammation. IL-10 plays a role in
modulation of T-cell activation and also downregulation
[44,45]
of the acute inflammatory response
. In recent
years, the anti-inflammatory effects of IL-10 in IBD
have been studied and indicate a role in the immune
modulation of the gastrointestinal tract, as evidenced
by alleviation of enterocolitis by giving IL-10 to IL-10[46]
knockout rats . In our model, no significant difference
in IL-10 levels was observed between the colitis and
control groups. Another study examining the cytokine
levels in colonic tissue in a 4% DSS-induced model
of chronic colitis found TNF-α levels to be significantly
increased in the colitis-induced group, although
no significant difference in serum IL-10 levels was
[47]
observed .
Activated neutrophils and macrophages produce
reactive oxygen products, and oxidative stress
subsequently increases in inflamed intestinal mucosa
[48]
in IBD . In these conditions, excessive amounts of
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toxic reactive oxygen products exceed the capacity of
intestinal antioxidant defense systems, and oxidative
injury leads to increased mucosal injury in IBD
[49]
patients . In oxidatively injured hepatic and renal
tissue with CCL4, kefir suppressed the reduction in
glutathione and glutathione peroxidase levels and
significantly alleviates elevated MDA levels, an indicator
[50]
of lipid peroxidation . MDA production is a strong
indicator of lipid peroxidation and is thus used to
evaluate oxidative stress. In the 3% DSS-induced colitis
model used in the present study, colonic tissue MDA
levels were elevated, though not significantly, compared
to those in the control group. In this study, MDA
concentration was measured in the full thickness of the
colonic tissue. However, inflammation in this model
concerns the mucosa, and so MDA levels measured in
full thickness colonic tissue may be somewhat reduced.
In general, the antioxidant effects of probiotics
are well established. In a study on 5% DSS-induced
colitis, Bifidobacterium infantis DSM 15139 spp
[51]
significantly reduced both MDA and MPO levels . This
experimental model most closely resembles the model
used in the present study, as Bifidobacterium infantis
was administered 7 d prior to colitis induction and
administration continued for 7 d after induction.
Nitric oxide (NO) is a biologic mediator with shortterm effects and a broad functional spectrum, including
thrombocyte and leucocyte activation, regulation of
vessel reactivity, regulation of cell growth, and non[52]
specific immune reactions . Elevated iNOS production
has been previously demonstrated in both clinical
[39,53]
and experimental IBD studies
. Activation of iNOS
augments NO synthesis.
Inflammatory cytokines such as IL-1, IFN-γ, and
TNF-α stimulate significant NO production in the
[40]
intestinal epithelium, macrophages, and other cells .
In different experimental colitis models-as well as in
patients with ulcerative colitis-increased NO levels have
[40,54,55]
been observed in the lavage fluid of the colon
.
Various studies have reported that excessive NO
production in the colonic mucosa results in increased
[54-56]
oxidative stress and subsequent tissue injury
.
Compatible with these findings, iNOS inhibition has
shown positive effects in certain animals with intestinal
[57,58]
inflammation
. In a study on mice with chronic
colitis induced with 5% DSS, inhibition of TNF-α and
IFN-γ by anti-cytokine anticores downregulated NO
[58]
levels and alleviated colitis .
In our study, iNOS levels were higher in the colitis
group when compared to the other groups. Kefir
reduced iNOS levels in DSS-induced colitis; however,
iNOS levels were also elevated in the kefir-control
group. Some studies in the literature have indicated
that some probiotic species may in fact increase NO
and iNOS levels.
L. rhamnosus GG has been found to induce iNOS,
which promotes low level NO production through
activation of NF-κB in j774 macrophages and human
T84 intestinal epithelial cells. Researchers have
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reported that L. rhamnosus GG has a protective effect
towards increased NO levels in the gastrointestinal
[59]
tract . According to our findings, kefir increases iNOS
levels in the normal colon, but reduces increased iNOS
levels in the presence of inflammation.
In conclusion, in an experimental model of 3% DSSinduced colitis, kefir not only reduces clinical disease
activity, but also histologic colitis scores. Reduced MPO,
TNF-α, and iNOS levels are among the positive effects
of kefir. The results of this study promise hope that
kefir may have a place in the clinical treatment of IBD.
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Abstract
AIM: To determine the expression of microRNA-210
(miR-210) in hepatocellular carcinoma (HCC) and to
examine its role using HCC cells.
METHODS: The expression of miR-210 was deter
mined in 21 pairs of HCC samples and the corre
sponding surrounding non-tumor tissues. The effects
of miR-210 on proliferation and cell cycle progression
were examined using HepG2 and HuH7 cells. Overexpression and inhibition of miR-210 was achieved
by transfection of the cells with miR-210 mimic or
inhibitor. Luciferase reporter constructs were used to
identify the miR-210 interacting site on Yes1. Yes1
expression was examined after miR-210 transfection,
as well as in the HCC samples.
RESULTS: miR-210 was significantly up-regulated
by 3.4 fold (P < 0.01) in the tumor samples. The
over-expression of miR-210 significantly reduced cell
proliferation compared to the mock-treated cells (68.9%
± 7.4% and 53.6% ± 5.0%, P < 0.05 for the HepG2
and HuH7 cells respectively). Analysis of the HuH7
cells transfected with miR-210 mimic by flow cytometry
showed that the cells took a longer time to reach the
G2/M phase. The interaction between miR-210 and the
3’UTR of the Yes1 transcript was confirmed using a
luciferase reporter assay. Over-expression of miR-210
reduced the expression of Yes1 protein in both HuH7
and HepG2 cells. Tumors with a greater than fourfold increase in the expression of miR-210 showed
consistently lower expressions of Yes1 in the tumors.
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In nocodazole-treated cells with a significant G2/M
cell population, Yes1 protein was significantly reduced
and pre-inhibition of miR-210 in HuH7 cells was able
to prevent the reduction of Yes1 protein expression.
Knock-down of Yes1 by siRNA also led to reduced cell
proliferation (70.8% ± 7.5%, P < 0.05 in the HuH7
cells).
CONCLUSION: Up-regulation of miR-210 inhibits cell
proliferation. Yes1 is a target of miR-210 and affects
cell proliferation in HCC.
Key words: MicroRNA-210; Hepatocellular carcinoma;
Proliferation; Yes1
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, miR-210 is significantly upregulated in hepatocellular carcinoma (HCC). Overexpression of miR-210 decreased cell proliferation and
delayed cell cycle progression of HCC cells. The tyrosine
kinase Yes1 is shown to be a target of miR-210 and is
down-regulated in HCC. Knock-down of Yes1 by siRNA
also significantly reduced cell proliferation. These results
increase the understanding of the multiple roles of
miR-210 in liver cancer growth and metastasis.
Tan W, Lim SG, Tan TMC. Up-regulation of microRNA-210
inhibits proliferation of hepatocellular carcinoma cells
by targeting YES1. World J Gastroenterol 2015; 21(46):
13030-13041 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i46/13030.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i46.13030

INTRODUCTION
MicroRNAs (miRNAs) are small, RNA molecules of
approximately 20-24 nucleotides in length. Most
[1]
miRNA genes are transcribed by RNA Polymerase Ⅱ .
The primary transcripts generated are processed in the
nucleus to smaller approximately 70-nucleotide stem[2,3]
looped precursor molecules (pre-miRNAs) . The pre[4]
miRNAs are then transported to the cytoplasm where
the pre-miRNAs are further processed by Dicer (an
[5,6]
RNase Ⅲ family member) , releasing approximately
22-nucleotide miRNA-miRNA* duplexes. The duplex is
incorporated into the RNA-induced silencing complex
(RISC) where it unwinds. Subsequently, one strand of
the duplex will serve as the mature miRNA while the
[7,8]
other strand (miRNA*) is degraded . The mature
miRNA that is incorporated into RISC then directs the
RISC to its targets, resulting in two possible outcomes.
When there is extensive base-pairing between the
miRNA and its target RNA, cleavage of the target
occurs at a single phosphodiester bond between
[9,10]
nucleotides 10 and 11 of the miRNA
. In vertebrates
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including humans, most known mRNA targets basepair only partially to their corresponding miRNAs, such
that translation of the target RNA is repressed without
[9,11]
cleavage of the target
.
To date, there have been many studies docu
menting the differential expression of miRNAs in
cancers including that of miR-210. It is now established
that the expression of miR-210 is induced by hypoxia[12-15]
inducible factor (HIF-1α)
. Work has also been
carried out to determine the targets of miR-210 and
these have been shown to affect many biological
processes including angiogenesis, mitochondrial
metabolism, DNA repair, apoptosis and cell cycle.
Targets of miR-210 include ephrin A3 and neuronal
[15,16]
pentraxin 1
. Down-regulation of neuronal pen
traxin 1 by miR-210 confers protection against hypoxic
injury in cortical neurons. However, in vivo, the role
of miR-210 in regulating ephrin-A3 expression is
[15]
unclear as both are up-regulated in ischemic brain .
In vitro, the down-regulation of ephrin-A3 by miR-210
is essential for the response of endothelial cells to
vascular endothelial growth factor (VEGF)-induced
[16]
capillary-like formation and chemotaxis . Hypoxia
is also a strong inducer of VEGF, and miR-210 was
[17]
predicted to target VEGF . In addition, RAD52, a key
factor in homology-dependent repair, is also a target
of miR-210 and this probably accounts for one of the
mechanisms leading to the reduced DNA repair activity
[18]
in hypoxic cells . miR-210 has also been shown to
affect mitochondrial oxidative phosphorylation and cause
a shift to glycolysis by targeting transcripts encoding
[13,19-23]
various electron transport chain proteins
.
The over-expression of miR-210 promotes survival
by preventing apoptosis through targeting caspase8-associated protein 2 and apoptosis-inducing factor,
[24,25]
mitochondrion-associated 3
. In addition, miR-210
also disrupts mitosis by targeting mitosis-related
[26]
genes . Hence, when expression of miR-210 is low,
activation of cell cycle occurs through the up-regulation
of other miR-210 targets, E2F3 and fibroblast growth
[13,27,28]
factor receptor-like 1
. However, the overexpression of miR-210 can down-regulate the MYC
antagonist MNT, thereby bypassing hypoxia-induced
[29,30]
cell cycle arrest
. Thus like other miRNAs, miR-210
can interact with multiple targets and the possibility
of tissue-specific and cell type dependent effects of
miR-210 must always be considered.
Both over-expression and down-regulation of
miR-210 have been reported in human tumors.
Enhanced expression of miR-210 has been observed
in breast cancer and is inversely correlated with overall
[12,31,32]
patient survival
but is significantly correlated
[33]
to cancer aggression and metastatic capacity . In
contrast, gene copy loss of miR-210 was observed in
[13,34]
epithelial ovarian cancer and melanoma cancer
.
This has been attributed to the location of the miR-210
gene within the minimal region of loss of heterozygosity,
LOH11B on 11p15.5. The over-expression of miR-210
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Table 1 Primers used for RT-PCR
Primer sequences
5S rRNA

Yes1 mRNA
GAPDH mRNA

For: CGCCCGATCTCGTCTGAT
Rev: GGTCTCCCATCCAAGTACTAACCA
Probe: TCGGAAGCTAAGCAGGGTCGGGC
For: GGACAAGGATGTTTCGGCGA
Rev: GATCTCGGTGAATATAGTTC
For: GAAGGTGAAGGTCGGAGTC
Rev: GAAGATGGTGATGGGATTTC

has also been reported for hepatocellular carcinoma
[35-37]
(HCC)
. In addition, the up-regulation of miR-210
has been observed in cirrhotic livers indicating the
possibility of miR-210 playing important role(s) in the
[37]
diseased liver . This study thus further examine the
role of miR-210 using the hepatocarcinoma cell lines
HepG2 and HuH7 and consequently, Yes1, a member
of the Src family of non-receptor tyrosine kinases, was
identified as a target for miR-210.

MATERIALS AND METHODS
Human liver tissues

Surgical liver tumor tissues and the surrounding nontumor tissues were obtained from National University
Hospital, Singapore. The necessary ethics approval
was obtained from the National Health Group Domain
Specific Review Board (Reference code: 2012/00394)
before the collection and analysis of tissues.

Cell culture

The HepG2 and HuH7 human liver cell lines were
obtained from American Type Culture Collection
(Manassas, United States), and from RIKEN Biore
source Center (Japan) respectively. Cells were cultured
in DMEM, supplemented with 10% fetal bovine serum,
100 U/ml penicillin, 100 μg/ml streptomycin, 2
mmol/L glutamine, 1 mmol/L sodium pyruvate and 0.1
mmol/L MEM nonessential amino acids at 37 ℃ under
5% CO2. Primary human hepatocytes were purchased
from BD Biosciences (San Jose, CA, United States) and
cultured according to the manufacturer’s protocol.

Quantitative RT-PCR

Total RNA was extracted from cultured cells or from
liver tissues using the TRIzol reagent (Invitrogen,
Carlsbad, CA, United States) according to the manu
®
facturer’s protocols. TaqMan MicroRNA Individual
®
Assay for miR-210, the TaqMan MicroRNA Reverse
®
Transcription Kit and the TaqMan Universal PCR Master
®
Mix without AmpErase UNG were purchased from
Applied Biosystems (Foster City, CA, United States)
and used to detect and quantify mature miR-210. This
reverse transcription-real-time PCR was carried out as
[38]
previously described starting with 10 ng of total RNA
in each reverse transcription reaction. The 5S rRNA was
also quantified via reverse transcription- real time PCR
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and served as a control for normalization. The 5S rRNA
primers and probe were obtained from Sigma-Proligo
(The Woodlands, TX, United States). The sequences of
these are listed in Table 1.
The real-time PCR reactions were carried out
using an ABI PRISM 7300 sequence detection system
with the ABI PRISM 7300 SDS software (Applied
Biosystems). The relative amount of miR-210 to 5S
-ΔCT
rRNA was calculated using the equation: 2 , where
CT is the cycle threshold value and ΔCT = (CTmiR-210
[39]
- CT5S rRNA) . To facilitate data presentation, relative
6
gene expression was multiplied by 10 . The relative
gene expression for miR-210 was calculated for the
liver samples (mean ± SE) and the cultured cells (mean
± SD).
For the detection and quantification of Yes1 mRNA,
0.2 μg of total RNA was reverse-transcribed using the
Reverse Transcription System (Promega, Madison, WI,
United States) with gene-specific reverse primer from
Sigma-Proligo (The Woodlands, TX, United States).
Real-time PCR amplification was done using SYBR
Green PCR Master Mix (Applied Biosystems, Foster
City, CA, United States). The GAPDH transcript was
used as a normalization control. The sequences of the
Yes1 and GAPDH primers are listed in Table 1.

Effects of miRNAs on cell proliferation
3

HepG2 or HuH7 cells (8 × 10 cells) were seeded into
each well of a 48-well plate. The cells were allowed to
attach and recover for 24 h. miRIDIAN miRNA mimic
or inhibitor (Dharmacon, Lafayette, CO, United States)
were diluted in Opti-MEM I reduced serum medium.
Lipofectamine 2000 was also diluted 100 times with
Opti-MEM I reduced serum medium. Equal volumes
of the two solutions were mixed and incubated at
25 ℃ for 20 min. The cells were rinsed with Opti-MEM
I reduced serum medium before the introduction of
200 μl of the miRNA-Lipofectamine 2000 solution (50
nmol/L) to each well. The plates were then incubated
at 37 ℃ for 4 h. Control transfections were carried
out with either miRIDIAN microRNA Mimic Negative
Control CN-001000-01 or miRIDIAN microRNA Inhi
bitor Negative Control IN-002005-01 (Dharmacon,
Lafayette, CO, United States) while mock transfections
were carried out as described but without any mimics
or inhibitors. After 4 h, the transfection reagent was
removed and replaced with DMEM medium. 40 μL
of MTS/PES reagent [3,(4,5-dimethylthiazol-2-yl)5-(3-carboxy methoxy phenyl)-2-(4-sulfophenyl)2H tetrazolium/phenazine ethosulfate] (Promega,
Madison, WI, United States) was added to each well 72
h after transfection. Following an one-hour incubation
at 37 ℃, the absorbance at 490 nm was measured.
The A490nm of mock transfected cells was set as 100%.
Similarly, for the small interfering RNA (siRNA)mediated Yes1 knockdown, Silencer Select Validated
siRNA for Yes1 (s14955) and the Silencer Select
Negative Control No. 1 (4390843) (Ambion, Austin,

13032

December 14, 2015|Volume 21|Issue 46|

Tan W et al . miR-210 in HCC
TX, United States) were transfected at 5 nmol/L for 4
h, after which the transfection reagent was removed
and replaced with DMEM medium. At 72 h posttransfection, 40 μl of MTS/PES reagent was added to
each well. Following an one-hour incubation at 37 ℃,
the absorbance at 490 nm was measured. The A490nm
of mock transfected cells was set as 100%.

Synchronization of cells

HuH7 cells were synchronized in G1 phase by in
cubating the cells in 4 mmol/L thymidine for 24
h followed by another 24 h in complete DMEM.
To synchronize HuH7 cells at S phase, thymidine
double-block was performed by incubating the cells
in thymidine for 24 h followed by a 16-h recovery in
normal complete medium and another 24-h incubation
with thymidine; or alternatively cells were treated
with 2.5 mmol/L hydroxyurea in complete medium
for 48 h. HepG2 and HuH7 cells were synchronized
at pro-metaphase by incubating the cells in 1 mg/ml
nocodazole in complete medium for 24 h. This was
followed by a mitotic shake-off, and the suspended
cells were collected. HepG2 cells were synchronized in
G1 phase by incubating mitotic shake-off cells for 4 h
in complete medium. To obtain synchronized HepG2
cells at S phase, the cells in G1 phase were further
treated with 4 mmol/L thymidine for 24 h.
To elucidate the mechanism involved in the
decrease in cell proliferation by miR-210, HuH7 cells
were transfected with 50 nmol/L mimic negative
control or 50 nmol/L miR-210 mimic followed by
sequential incubation with thymidine as described to
synchronize the cells. The cells were released from the
block by washing away the thymidine and replacing
with fresh medium to allow cells to resume cell cycle
progression. Samples were collected at different time
points for flow cytometry analysis.

Cell cycle analysis

Cells were harvested by trypsinization, centrifuged and
fixed with ice-cold 70% ethanol for 2 h, washed with
phosphate-buffered saline (PBS), and re-suspended
in 0.4 ml of PBS containing 0.1% Triton-X, 20 mg/ml
propidium iodide and 0.2 mg/ml RNase A. After a
final incubation at 37 ℃ for at least 30 min, cells were
analyzed using a FACSCanto Ⅱ flow cytometer (Becton
Dickinson, Franklin Lakes, NJ, United States). A total
of 10000 events were counted for each sample. Data
were analyzed using the WinMDI 2.8 software.

Yes1 and MCM8 3’UTR constructs

A 775-bp SpeI-HindⅢ fragment containing the 3’UTR
of the Yes1 cDNA (corresponding to nt-1854 to nt-2612
of the GenBank sequence NM_005433) was generated
by reverse transcription-PCR using total RNA extracted
from HuH7 cells. Primers used were: Forward:
5’-CGAACTAGTTCAAGTAGCCTATTTTATATG-3’ and
Reverse: 5’-GGAAAGCTTCAATGCAACCTCATACAAG-3’.
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This was then cloned into the pMIR- REPORT Luciferase
miRNA Expression Reporter Vector (Ambion, Austin,
TX, United States) to generate the pMIR-luciferase
Yes1/3’UTR (Luc-YES1) construct and the cloned
fragment was verified by sequencing. This construct
was used to generate the mutant fragment of 3’UTR
of the Yes1 lacking the seed sequence of the miRNA
binding site at position 1865-1869 of the sequence
NM_005433, and the mutant Luc-Yes1mt construct
was verified by sequencing. Similarly, a 561-bp SpeIHindⅢ fragment containing the 3’UTR of the MCM8
cDNA (corresponding to nt-2907 to nt-3451 of the
GenBank sequence NM_032485) was cloned into
the pMIR- REPORT Luciferase miRNA Expression
Reporter Vector (Ambion, Austin, TX, United States)
to generate the pMIR-luciferase MCM8/3’UTR (LucMCM8) construct and the cloned fragment was
verified by sequencing. Primers used were: Forward:
5’-TAAACTAGTTCACCAAGTTAGGGCCTCC-3’ and
Reverse: 5’-GGAAAGCTTGGCTACCACTACAATTTTTT-3’.

Luciferase reporter assay
4

HuH7 cells (7 × 10 cells) were seeded into each
well of a 24-well plate and allowed to recover for 24
h. 300 μl of miRNA mimic-Lipofectamine 2000 (50
nmol/L) was then added to each well and the plates
were incubated at 37 ℃. After 3 h the miRNA mimic
was removed and the cells were transfected with
25 ng of reporter construct pMIR-luciferase Yes1/3’
UTR, or the mutant Luc-Yes1mt, or pMIR-luciferase
MCM8/3’UTR and 2.5 ng of pRL-CMV Renilla luciferase
control plasmid (Promega, Madison, WI, United
States) with Lipofectamine 2000 as the transfection
reagent. The transfection solution was removed 3 h
later and replaced with DMEM. The cells were lysed
with the Passive Lysis Buffer 24 h after transfection
and assayed for the firefly luciferase and the Renilla
luciferase activities using the Dual-Luciferase Reporter
Assay System (Promega, Madison, WI, United States).
The firefly luciferase activity was normalized to that
of the Renilla luciferase activity for each well, and the
data was expressed as relative luciferase activity.

Western blot analysis

The cultured cells and liver tissues were lysed in icecold 2% Triton X-100 in PBS containing the Halt
Protease Inhibitor Single-use Cocktail (Pierce, Rockford,
IL, United States). 20 μg of protein from each lysate
was separated on a SDS-PAGE gel and transferred
onto nitrocellulose membrane. The membranes
were incubated with monoclonal antibodies for Yes1
(610376, BD Transduction Laboratories, Lexington,
KY, United States), β-actin (Calbiochem, San Diego,
CA, United States) or GAPDH (Cell Signaling, Danvers,
MA, United States) diluted at 1:5000 each at 4 ℃
overnight. The membranes were then washed and
incubated with the respective goat anti-mouse or antirabbit secondary antibodies (Pierce, Rockford, IL,
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Table 2 Clinical information of the patients
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8
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4
2

T
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RESULTS
Up-regulation of miR-210 in HCC and in
hepatocarcinoma cell lines

The over-expression of miR-210 has been previously
[35-37]
described for HCC
. To confirm this, 21 pairs of
HCC and the corresponding non-tumor liver samples
were used (Table 2). The expression of miR-210 in
the tumor liver samples was 3.4 fold increased over
that of the corresponding non-tumor samples (P <
0.01; Figure 1A). The expression of miR-210 was also
determined for primary hepatocytes and HCC-derived
HepG2 and HuH7 cells. In the hepatocytes, the relative
miR-210 expression level was 0.13 ± 0.01 while that
for HepG2 and HuH7 cells were 4.37 ± 1.48 and 2.39
± 0.54 respectively (Figure 1B).

miR-210 was over-expressed or blocked by the
introduction of 50 nmol/L of the miRIDIAN miR-210
mimic or inhibitor to the HepG2 or HuH7 cells. The
over-expression of miR-210 in HepG2 significantly
reduced cell proliferation to 68.9% ± 7.4% compared
to mock-treated cells (P < 0.05; Figure 2A). However,
the inhibition of miR-210 in HepG2 cells did not affect
cell proliferation. In HuH7 cells, over-expression of
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10

NT

United States) for 1 h at 25 ℃. The membranes were
washed again and the bound antibodies were detected
with the SuperSignal West Pico chemiluminescent
substrate (Pierce, Rockford, IL, United States). The
chemiluminescent signals were captured on X-ray
films and quantified using the Syngene Gbox-HR gel
documentation system (Syngene, Cambridge, United
Kingdom).

Effects of miR-210 on cell proliferation

b

12

0

Relative quantity of miR-210

Patient Intrahepatic metastasis Cirrhosis Age (yr) Sex

6
5
4
3
2
1

b

0
Primary hepatocytes

HepG2

HuH7

Figure 1 miR-210 expression is up-regulated in hepatocellular carcinoma.
Reverse transcription-real time PCR analysis of miR-210 in (A) hepatocellular
carcinoma (HCC) tumor (T) and paired non-tumor (NT) samples and (B)
primary hepatocytes, HepG2 cells and HuH7 cells. Data shown are expressed
as mean ± SE for the HCC paired samples with bP < 0.01, Student’s paired t-test
analysis for comparison between tumor and paired non-tumor samples; and
mean ± SD for the primary hepatocytes and cell lines with bP < 0.01, Student’s
t-test analysis for comparison between primary hepatocytes to either HepG2 or
HuH7 cells.

miR-210 significantly reduced cell proliferation to
53.6% ± 5.0% compared to mock-treated cells,
while inhibition of miR-210 significantly increased cell
proliferation to 145.0% ± 10.8% compared to mocktreated cells (P < 0.05; Figure 2B).
To elucidate the mechanism involved in the
decrease of cell proliferation, HuH7 cells transfected
with miR-210 mimic or the negative control were
synchronized and allowed to resume cell cycle
progression. Analysis of the cells transfected with
miR-210 mimic by flow cytometry did not show any
significant accumulation of cells with sub-G1 DNA
content which is suggestive of apoptotic cell death
(Figure 2C). Cells treated with the miRNA mimic
negative control entered the G2/M phase by 12 h. In
contrast, cells transfected with miR-210 took a longer
time to reach the G2/M phase with < 40% of the
cells in this phase at 24 h. Taken together, these data
indicate that over-expression of miR-210 inhibits cell
proliferation by delaying cell cycle progression.
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Figure 2 Effects of miR-210 on proliferation of hepatocellular carcinoma cells. A and B: HepG2 cells (A) or HuH7 cells (B) were left untreated (UT), or mock
transfected with Lipofectamine 2000 (Mock), or transfected with Mimic Negative Control (M-Neg), or Inhibitor Negative Control (I-Neg), or microRNA-210 Mimic (210-M),
or microRNA-210 Inhibitor (210-I). Cell proliferation was determined using the MTS assay. Data shown are expressed as mean ± SD (n = 4). aP < 0.05, Student’s t-test
analysis for comparison to the mock treatment; C: Flow cytometry analysis of HuH7 cells at various time points (T = 0 h - T = 24 h) following transfection with either M-neg
or 210-M and synchronization of the cells. Percentage of total cell population in each phase is shown below each graph.
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Gene

Genbank accession number

MCM8

NM_032485

YES1

NM_005433

Alignment

miR-210 agucggcgacaGUGUGCGUGUC
:   : |  | |  |  |  |  |  | |
2958 gaagat at gcgTG C ACGCA CA G 2979
miR-210 aGUCGGCGACAGUGUGCGUGUc
:  |  |   |  |   | | :  | :  |   :  |  |  |   |  |
1859 g T AGCC TA TTT T AT A TGCA C Aa 1880

Figure 3 Genes targeted by miR-210 as predicted by miRBase/miRanda and selected for further analysis in this study.

Yes1 is a target of miR-210

To identify putative targets of miR-210 a search of the
computational target prediction programs miRBase
[40,41]
and miRanda
was carried out. The list of relevant
targets was narrowed down to those that would affect
cell proliferation or cell cycle progress. Based on these
criteria, MCM8 and Yes1 were selected for further
study. The putative binding sites for miR-210 for these
two transcripts are shown in Figure 3.
MCM8 is an MCM2-7-related protein. It functions
[42]
as a DNA helicase during replication elongation .
Yes1 is a member of the Src family of non-receptor
tyrosine kinases and has been shown to be involved
in the regulation of many cellular processes, including
[43,44]
cell proliferation, survival and differentiation
. To
demonstrate the direct interaction between miR-210
and the predicted target transcripts, luciferase reporter
constructs containing portions of the MCM8 3’UTR or
Yes1 3’UTR with the predicted miR-210 interacting
sites were generated. In the presence of miR-210
mimic, the relative luciferase activity was significantly
reduced for the Luc-YES1 construct but not the LucMCM8 construct (P < 0.05; Figure 4A). As a control, no
reduction was observed with the Luc-YES1mt mutant
construct with deletions in the seed sequence of the
miRNA binding site (Figure 4A).
Subsequently, experiments were carried out
to determine whether miR-210 can regulate the
expression of Yes1 protein in HCC. Over-expression
of miR-210 in HuH7 and HepG2 cells led to reduced
expression of Yes1 protein (Figure 4B and C). In
the HCC samples, tumors with higher expression of
miR-210 (> 4-fold increase) showed consistently lower
expressions of Yes1 compared to the corresponding
paired non-tumor samples (Figure 4D).

Expressions of miR-210 and Yes1 protein during cell
cycle

The expressions of miR-210 and Yes1 protein during
the different phases of the cell cycle were also
examined. Treatment of HepG2 or HuH7 cells with
thymidine, nocodazole or hydroxyurea as described
led to enrichment of cells (> 75%) in the different
phases of the cell cycle (data not shown). miR-210
was specifically up-regulated only in the nocodazolearrested HuH7 cells which were enriched with cells
in the G2/M phase (Figure 5A). Yes1 transcript and
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protein were expressed in all phases but its protein
expression was greatly reduced in the nocodazolearrested cells (Figure 5B-D). This reduction in Yes1
expression and the presence of different forms is
[45,46]
similar to that described in earlier studies
.
To examine the influence of miR-210 on Yes1
protein levels during cell cycle, HuH7 cells were
transfected with miR-210 inhibitor or with the inhibitor
negative control for 4 h before nocodazole treatment.
After incubating the cells with nocodazole for 24 h
to synchronize the cells, the cells were harvested for
the analysis of Yes1 protein expression. The decrease
of Yes1 protein expression was reversed by pretreatment with miR-210 inhibitor (Figure 5E) indicating
that Yes1 is indeed a target of miR-210.

Silencing of Yes1 reduces proliferation of HCC cells

The effect of silencing Yes1 on cell proliferation was
also examined. Yes1 in HuH7 cells was knocked down
by siRNA targeting the open reading frame of Yes1,
and the cell proliferation was significantly reduced to
70.8% ± 7.5% compared to mock-treated cells (P <
0.05; Figure 6), suggesting that the silencing of Yes1
can contribute to the decreased cell proliferation effect,
similar to that observed when miR-210 was overexpressed.

DISCUSSION
In this study, we confirm the up-regulation of miR-210
in HCC tumors as well as in HCC-derived cells. This
observation is consistent with earlier studies which
[35-37]
had reported the over-expression of miR-210
.
miR-210 has also been identified as one of twelve
miRNAs which was consistently deregulated during the
development of liver cirrhosis and subsequently during
[37]
the progress from cirrhosis to HCC . Thus miR-210 is
likely to play an important role in disease progression
in the liver.
To further examine the role of miR-210, its effect on
HCC-derived HepG2 and HuH7 cells was determined.
In both, over-expression of miR-210 led to significant
reduction in cell proliferation. Yes1, a member of the Src
family of non-receptor tyrosine kinases, was identified
as a target for miR-210. The ability of miR-210 to
interact with the 3’UTR of the Yes1 transcript was
observed using a luciferase reporter construct and
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Figure 4 Regulation of Yes1 by miR-210. A: Relative luciferase activity of HuH7 cells which were mock-transfected with Lipofectamine 2000 (Mock), or transfected
with Mimic Negative Control (M-Neg), or microRNA-210 Mimic (210-M) followed by transfection with the Luc-MCM8 or Luc-Yes1 or Luc-Yes1mt reporter constructs
and the pRL-CMV Renilla luciferase control plasmid. Data shown are expressed as mean ± SD. Assays were carried out in triplicate and as two independent
experiments. aP < 0.05, Student’s t-test analysis for comparison to the corresponding control; B and C: Western blot analysis of Yes1 protein expression (top panel)
in HuH7 cells (B) or HepG2 cells (C) treated with Mock, M-Neg, or 210-M. β-actin was used as the control for normalization (bottom panel). Yes1 expression was
normalized to that of β-actin and the fold change was determined by comparison with the levels in Mock transfected cells; D: Western blot analysis of Yes1 expression
(top panel) in HCC tumor (T) and paired non-tumor (NT) samples. GAPDH was used as the control for normalization (bottom panel). Yes1 expression was normalized
to that of GAPDH and the fold change was determined by comparison with the paired non-tumor samples.

1.0

1.5

0.5

Fold

0.9

Figure 5 Expression of miR-210 and Yes1 in the different phases of the cell cycle. A: Expression of miR-210 in HuH7 cells; B: Expression of Yes1 transcript
in HuH7 cells; C and D: Western blot analysis of Yes1 protein expression (top panel) and in HuH7 cells (C) and HepG2 cells (D). Cells were enriched in the different
cell cycle phases corresponding to G1 phase, S phase with thymidine double block treatment (Thy) or hydroxyurea treatment (HU), and G2/M phase with nocodazole
treatment and mitotic shake-off (Noco); E: Western blot analysis of Yes1 protein expression (top panel) was performed with unsynchronized or nocodazole-treated
(Noco) HuH7 cells following transfection with Inhibitor Negative Control (I-neg) or microRNA-210 Inhibitor (210-I). β-actin was used as the control for normalization
(bottom panel). Yes1 expression was normalized to that of β-actin and the fold change was determined by comparison with the levels in G1-enriched cells (for C, D) or
the unsynchronized cells transfected with I-neg (for E).
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Figure 6 Silencing of Yes1 reduces proliferation of hepatocellular
carcinoma cells. HuH7 cells were untreated (UT), or mock transfected with
Lipofectamine 2000 (Mock), or transfected with either siRNA negative control
(Neg) or siRNA targeting Yes1 (siY). Cell proliferation was determined using the
MTS assay. Data shown represent mean ± SD (n = 4). aP < 0.05, Student’s t-test
analysis for comparison to mock treatment.

the reduced expression of Yes1 protein was evident
following the over-expression of miR-210.
The Yes1 tyrosine kinase was identified as the
cellular homologue of the oncogenic viral yes gene
[47,48]
product
. This 62 kDa non-receptor tyrosine
[49]
kinase is expressed in most tissues . Yes1 has
been implicated in a variety of signaling pathways,
which include mediating cytokine and growth factor
responses, alterations in the cytoskeleton, cell cycle
[43,44]
progression, apoptosis and differentiation
. Our data
shows that the expression of Yes1 was consistently
high in G1 phase and S phase but was reduced in the
G2/M cell population. Significant reduction in Yes1
expression during mitosis has also been previously
[45]
described by Park et al . However, it was unclear
what regulates this reduced expression. In this study,
we provide evidence that miR-210 contributes to the
decreased Yes1 protein expression during cell cycle.
In nocodazole-treated cells with a significant G2/M cell
population, Yes1 protein is significantly reduced while
that of miR-210 is significantly raised, and inhibition of
miR-210 is able to restore Yes1 protein expression. In
addition, the decreased Yes1 protein expression was
not due to a significant reduction in the Yes1 transcript.
Hence, it is likely that miR-210 represses the translation
of Yes1. Interestingly, miR-210 has also been shown to
regulate several other mitosis-related genes including
[26]
Plk1, Cdc25B, Cyclin F, Bub1B and Fam83D .
Inhibition of Yes1 through knockdown using siRNA
or the over-expression of miR-210 led to reduced cell
proliferation. Similar knockdown studies of Yes1 by
siRNA in human retinal microvascular endothelial cells
showed decreased VEGF-induced cell proliferation,
[50]
with no changes in DNA fragmentation . The overexpression of miR-210 also led to delayed cell cycle

WJG|www.wjgnet.com

progression with a significant delay at the G1/S
transition. This effect is not unexpected as there
is robust expression of Yes1 in cells in the G1 and
S phases and hence, it is likely that Yes1 may be
important in either one or both of these phases. Indeed
it has been observed that members of the Src family
[51]
are required to simulate entry of cells into S phase
and silencing of Yes1 expression has been shown to
reduce cell growth through G1 cell cycle arrest via the
[52]
inactivation of β-catenin signaling . It is also likely
that the over-expression of miR-210 may affect other
targets such as E2F3 leading to the observed effect of
[13]
significant delay in G1/S progression .
Each miRNA can potentially interact with multiple
targets. This is likely to be the case for miR-210 in
the context of the diseased liver and HCC. miR-210
has been shown to also target the hepatitis B virus
S protein and pre-S protein coding regions and this
may serve to regulate virion production in the chronic
[53]
infection state or in the latency state . The upregulation of miR-210 expression over that of healthy
[37]
liver has been observed in cirrhotic liver . This study
and that of others have reported increased expression
[35-37]
of miR-210 in HCC
. Yes1 has also been detected in
[54,55]
cirrhotic livers and in HCC
. In this study, Yes1 was
expressed in both tumor and non-tumor liver samples.
However, decreased Yes1 protein was observed in
HCC tumors with high miR-210 expression. Similar
[56]
to an earlier study by Ying et al , this study too
provide evidence that over-expression of miR-210 led
to reduced cell proliferation. In addition, this present
study showed that this effect on cell growth was
mediated though Yes1. It is thus likely that in cirrhotic
livers and in HCC, the increase in miR-210 expression
may help keep in check cell cycle progression and cell
proliferation by repressing various miR-210 targets
including Yes1.
Over-expression of miR-210 also promotes hypoxiainduced migration and invasion. In an earlier study
[56]
by Ying et al , miR-210 was shown to mediate HCC
metastasis through the down-regulation of vacuole
membrane protein 1. miR-210 has been shown to
also target apoptosis-inducing factor, mitochondrionassociated 3 in human hepatoma cells thereby
[25]
preventing apoptosis . Thus it is evident that miR-210
does have multiple roles in the liver. Its roles in
hypoxia, apoptosis, cell proliferation and metastasis
are likely to be important for cancer development and
progression and more work has to be done to fully
understand the roles of miR-210 in the context of liver
cirrhosis and HCC.

ACKNOWLEDGMENTS
The authors thank Dr Aung Myat O for his assistance
in the collection of the liver tissues for this study.

13038

December 14, 2015|Volume 21|Issue 46|

Tan W et al . miR-210 in HCC
7

COMMENTS
COMMENTS
Background

MicroRNAs (miRNAs) are small, RNA molecules involved in the process of
silencing gene expression. The mature miRNAs of 20-24 nucleotides direct
the RNA-induced silencing complex (RISC) to silence the expression of
their complement target mRNAs. To date, there have been many studies
documenting the differential expression of miRNAs in cancers including that of
miR-210. The over-expression of miR-210 has been reported for hepatocellular
carcinoma (HCC) and cirrhotic livers, indicating the possibility of miR-210
playing important role(s) in the diseased liver.

Research frontiers

miR-210 is hypoxia-inducible, and the over-expression of miR-210 in HCC
was previously reported to promote metastasis through the down-regulation
of vacuole membrane protein 1. miR-210 has also been shown to also target
apoptosis-inducing factor, mitochondrion-associated 3 in human hepatoma cells
thereby preventing apoptosis.

8
9
10
11
12

13

Innovations and breakthroughs

This present study showed that over-expression of miR-210 in HCC inhibited
cell proliferation and cell cycle progression, and this effect on cell growth was
mediated though Yes1, a member of the Src family of non-receptor tyrosine
kinases.

Applications

It is evident that miR-210 is frequently over-expressed in cirrhotic livers and
HCC. The increase in miR-210 expression may help keep in check cell cycle
progression and cell proliferation by repressing various miR-210 targets
including Yes1.
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Terminology

Yes1 is a non-receptor tyrosine kinase that is expressed in most tissues. Yes1
has been implicated in a variety of signalling pathways, which include mediating
cytokine and growth factor responses, alterations in the cytoskeleton, cell cycle
progression, apoptosis and differentiation.
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Authors said that miR-210 is significantly up-regulated in HCC and overexpression of miR-210 decreased cell proliferation and delayed cell cycle
progression of HCC cells via down-regulation of Yes1. This paper has been
well described to suggest that Yes1 is a target of miR-210 and affects cell
proliferation in HCC.
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Abstract
AIM: To investigate the anti-obesity and antibacterial
effects of Ligustrum robustum (L. robustum ) in vivo
and in vitro and its possible mechanisms.
METHODS: The effects of L. robustum aqueous
extract (LR) on various gut bacteria in vitro were
evaluated. The effects of LR on high-fat diet-fed (HFD)
rats in vivo were also assessed. Culture methods,
quantitative polymerase chain reaction, and terminalrestriction fragment length polymorphism were used to
analyze the effects of LR on gut bacteria. Biochemical
tests were also performed to detect the changes in
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obesity-related indicators after LR treatment.
RESULTS: LR treatment lowered adipose weight and
decreased Lee’s index, blood glucose, total cholesterol,
and lipid in the tested groups relative to control (P <
0.05). To determine the reasons for these changes, we
assessed the potential bacteriostatic and bactericidal
effects of LR on specific bacterial species in vitro . LR
affected the richness, diversity, and evenness of gut
bacteria, increased fecal Lactobacillus , and decreased
Enterococci in HFD rats (P < 0.05).
CONCLUSION: L. robustum may be a safe and
effective food for weight loss and obesity control, and
the effects of L. robustum might be mediated by the
regulation of gut bacteria.
Key words: Gut bacteria; Ligustrum robustum ; Culture
methods; Quantitative polymerase chain reaction;
Terminal-restriction fragment length polymorphism;
Obesity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gut microbes play important roles in fat
storage and metabolism. The control of gut microbes
is considered promising in the prevention of obesity. In
this study, the regulatory effect of Ligustrum robustum
aqueous extract (LR) on gut bacteria in vivo and in
vitro and body weight was determined. Certain doses
of LR prevented obesity without sacrificing daily food or
energy intake. LR may affect the richness, diversity, and
evenness of gut bacteria by increasing Lactobacillus
and decreasing Enterococci in the host gut.
Xie ZM, Zhou T, Liao HY, Ye Q, Liu S, Qi L, Huang J, Zuo
HJ, Pei XF. Effects of Ligustrum robustum on gut microbes and
obesity in rats. World J Gastroenterol 2015; 21(46): 13042-13054
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i46/13042.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i46.13042

INTRODUCTION
Recently, emerging data have implicated gut microbes
in the development of obesity, and the regulation of
gut microbes as a potential strategy in the prevention
and treatment of obesity has attracted significant
attention. Dietary factors, which possess anti-obesity
effects, may also play a key role in regulating gut
microbes. However, few foods have been investigated
for their effects on gut microbes and the development
of obesity.
Ligustrum robustum (L. robustum) was classified
[1]
as food by the Chinese Ministry of Health in 2011 .
In southwest China, the leaves of L. robustum are
processed as Ku-Ding tea. Previous studies have
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shown that this tea might have anti-oxidative, anti[2-5]
inflammatory, and anti-obesity effects . In addition,
it was found that L. robustum may affect a variety of
[6,7]
gut microorganisms . Thus, we hypothesized that L.
robustum might exert anti-obesity effects by regulating
gut microbes.
In this study, we examined the effects of L.
robustum on different types of gut bacteria. We also
assessed the effects of L. robustum on the changes in
host body weight and gut flora in high-fat diet-fed rats.

MATERIALS AND METHODS
Preparation of L. robustum aqueous extract

L. robustum was previously identified by Professor
Guomin Liu of the Ku-Ding Tea Research Institute,
Hainan University, China and was obtained from China’s
largest L. robustum provider, Green Hills and Blue
Waters Co., Ltd. (Junlian, Sichuan, China) (http://
jlqingshanlvshui.1688.com/). The extraction was
guided by Professor Jing Huang of the West China
School of Pharmacy, Sichuan University and prepared
by Chengdu Push Bio-Technology Co., Ltd. (Chengdu,
China). In brief, dried L. robustum was ground and
extracted with 10 times its volume of water for 60
min at 80 ℃. The residue was re-extracted twice, the
extracted solution was filtered, and the combined
supernatants were concentrated to 1 g/mL in a
vacuum evaporator at 60 ℃. L. robustum aqueous
extract (LR) was sterilized at 115 ℃ for 15 min and
stored in bottles at -20 ℃ in the dark.

In vitro effects of LR on microorganisms

The inhibitory effects of LR on intestinal symbiotic
bacteria, conditional pathogenic bacteria, and
enteropathogenic bacteria were determined.
The symbiotic bacteria included: Escherichia coli
(E. coli) ATCC 8099, Bifidobacterium bifidum
CICC 6071, Bifidobacterium infantis CICC 6069,
Lactobacterium bulagricum (separated from yogurt),
Enterococcus faecalis ATCC 29212, and Bacteroides
thetaiotaomicron ATCC 29741. The conditional
pathogenic bacteria included: Bacteroides fragilis ATCC
25285 and Clostridium perfringens ATCC 13124. The
enteropathogenic bacteria included: Staphylococcus
aureus ATCC 6538, Pseudomonas aeruginosa ATCC
15442, Salmonella enteritidis CMCC 50335, Shigella
flexneri CMCC 51061, E. coli O157:H7 ATCC 882364,
Entero-Aggregative E. coli (clinical isolates), EnteroHemorrhagic E. coli (clinical isolates), Entero-Toxigenic
E. coli (clinical isolates), Entero-Pathogenic E. coli
(clinical isolates), Entero-Invasive E. coli (clinical
isolates), Bacillus cereus (Military Medical Science
Academy of the PLA reference strain 4001), and Vibrio
parahemolyticus ATCC 17802. All clinical isolates in our
laboratory were identified by conventional biochemical
and serological tests.
The micro-dilution susceptibility assay was
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Table 1 Culture media and incubation conditions
Bacterial group
Bacteroides
Bifidobacteria
Lactobacilli
C. perfringens
Aerobic E. coli
Enterococci
Candida albicans
Staphylococcus aureus
Other bacteria

Bacteria preparation

MIC

Medium

Incubation conditions

Medium

Incubation conditions

GAM1 agar
BBL2 agar
LBS2 agar
SPS2 agar
EMB2 agar
BEA2 agar
Salouraud2 agar
blood plate3
LB1 agar

37 ℃ anaerobic, 48 h
37 ℃ anaerobic, 48 h
37 ℃ aerobic with 5% CO2 48 h
37 ℃ anaerobic, 48 h
37 ℃ aerobic, 18 h
37 ℃ aerobic, 18 h
37 ℃ aerobic, 18 h
37 ℃ aerobic, 18 h
37 ℃ aerobic, 18 h

BHI2 (10% HS4)
RC2
RC2
RC2
MH2
MH2
Salouraud2
MH2
MH2

37 ℃ Anaerobic, 48 h
37 ℃ Anaerobic, 48 h
37 ℃ Anaerobic, 48 h
37 ℃ Anaerobic, 48 h
37 ℃ Aerobic, 18 h
37 ℃ Aerobic, 18 h
37 ℃ Aerobic, 18 h
37 ℃ Aerobic, 18 h
37 ℃ Aerobic, 18 h

Prepared in the laboratory according to methods defined by the Chinese Ministry of Health[8]; 2Purchased from Beijing Land Bridge Technology Co., Ltd.,
China; 3Purchased from Chengdu RICH Technology Co., Ltd., China; 4Purchased from Hyclone. MIC: Minimum inhibitory concentration; GAM: Gifu
anaerobic medium; BBL: Bifidobacterium culture; LBS: Lactobacillus selection; SPS: Sulfite polymyxin-sulfadiazine; EMB: Eosin methylene blue; BEA: Bile
esculin azide; LB: Luria-Bertani; BHI (10% HS): Brain heart infusion with 10% horse serum; RC: Reinforced Clostridium medium; MH: Mueller-Hinton
medium.
1

performed to determine the minimum inhibitory concen
tration (MIC) and minimum bactericidal concentration
(MBC). Dilutions were prepared in 96-well plates to
obtain final concentrations ranging from 200 mg/mL
to 0.1 mg/mL of LR in the medium. Fresh target
bacteria were prepared (Table 1), and an inoculum of
6
7
10 μL (approximately 10 CFU/mL-10 CFU/mL) was
inoculated into the microplates, and the tests were
performed in a volume of 100 μL. The homogenated
96-well plates were incubated aerobically or ana
erobically at 37 ℃ in duplicate for 24-48 h (Table 1),
and then the culture solution containing bacteria was
re-suspended. The lowest concentration of the tested
samples, which did not show any visual growth after
macroscopic valuation, was determined as the MIC.
Using the results of the MIC assay, the concentrations
showing complete absence of visual bacterial growth
were identified, and 10 μL of each culture broth was
transferred onto agar plates and incubated for the
specified time and temperature, as mentioned above.
The complete absence of growth on the agar surface
at the lowest concentration of sample was defined as
the MBC.

Body weight and food intake were monitored once a
week. Total calorie intake was calculated according to
dietary calorie intake and expressed as kcal/rat per
day. Freshly collected feces were used for bacteria
number assays. After 6 wk of normal chow diet or
HFD feeding, the animals were weighed and fasted
for 24 h before the experiments. Fasted blood was
collected from the femoral artery. Serum was isolated
by centrifugation at 3000 g and 4 ℃ for 10 min and
stored at -70 ℃ until it was used for blood biochemical
assays. Following blood collection, the rats were
sacrificed by cervical dislocation. Visceral adipose
tissue, liver, and spleen were immediately weighed
after removal.

In vivo experiments

Biochemical analysis

Animals and treatments: Male Sprague Dawley
rats [220 ± 20 g, specific pathogen free (SPF) grade,
Certified No. SCXK (Jing) 2009-0004], normal chow
diets (No. D12450B), and high-fat diets (HFDs,
No. D12492) were obtained from the Beijing HFK
Bioscience Co., Ltd. (Beijing, China). The animals were
kept in an environmentally controlled breeding room
(temperature: 23 ℃ ± 2 ℃, humidity: 50%-60%,
12 h dark/light cycle). The protocol was approved by
the Ethics Committee of the State Key Laboratory of
Oral Diseases, Sichuan University, China. After 3 d of
adaptive feeding, the rats were randomly assigned
to one of five groups according to their body weight,
with each group comprising 10 rats. The treatment
was as follows: the control group (Normal) was fed
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normal chow diet and infused with distilled water; the
obese model group (HFD) was fed HFD and infused
with distilled water; and low-, medium- and high-dose
groups (LR-L, LR-M, LR-H) were fed HFD and infused
with a solution of LR at 2.5 mL/kg body weight, 5
mL/kg body weight, and 10 mL/kg body weight per
day, respectively.

Experimental protocol

Blood glucose (GLU), total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C) were
measured using an automatic biochemical analyzer
(Olympus AU400; Olympus, Tokyo, Japan).

Fecal sample preparation, bacterial cultivation, and
counting

Fecal samples were obtained before the animals were
killed and stored at -70 ℃ for culture independent
analysis. For bacterial cultivation and counting, fresh
fecal samples were cultured quantitatively for aerobic,
facultative, and anaerobic bacteria using methods
[8]
defined by the Chinese Ministry of Health . In brief,
freshly voided feces (less than 10 min after defecation)
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Table 2 Primers for target gut bacteria
Target bacteria
(amplicon size, bp)
Bifidobacteria sp. (243)
Lactobacilli sp. (341)
Clostridium perfringens
groups (120)
Enterobacteriaceae (195)
Enterococci sp. (144)
Bacteroidetes (126)
Firmicutes (126)

Sequence (5’ to 3’)
F: TCGCGTC(C/T)GGTGTGAAAG
R: CCACATCCAGC(A/G)TCCAC
F: AGCAGTAGGGAATCTTCCA
R: CACCGCTACACATGGAG
F: ATGCAAGTCGAGCGA(G/T)G
R: TATGCGGTATTAATCT(C/T)CCTTT
F: CATTGACGTTACCCGCAGAAGAAGC
R: CTCTACGAGACTCAAGCTTGC
F: CCCTTATTGTTAGTTGCCATCATT
R: ACTCGTTGTACTTCCCATTGT
F: GGARCATGTGGTTTAATTCGATGAT
R: AGCTGACGACAACCATGCAG
F: GGAGYATGTGGTTTAATTCGAAGCA
R: AGCTGACGACAACCATGCAC

F: Leading strand; R: Lagging strand.

were collected in a sterile box. Fecal samples
(approximately 1000 mg) were homogenized and
serially diluted in sterile anaerobic solution. Appropriate
dilutions were incubated aerobically or anaerobically
at 37 ℃ in duplicate using selective media within 2 h
of collection. The culture conditions are shown in Table
1. The target bacterial colonies in each medium at the
corresponding dilution were counted, and the bacteria
were subsequently characterized by Gram staining and
polymerase chain reaction (PCR) identification. Colony
counts are expressed as the log of colony forming
units per gram of wet feces (log colony forming units/g,
log CFU/g).

Nucleic acid extraction

Genomic DNA was extracted from 200 mg (wet
weight) of frozen rat feces using a TIANamp Stool DNA
Kit (Tiangen, Beijing, China).

Quantitative polymerase chain reaction

In our laboratory, 16S rRNA analysis of the main
gut bacteria (Table 2) in feces was performed in
[9-13]
accordance with a previously published method
with slight modifications, which demonstrated good
[14]
repeatability and specificity .

Terminal-restriction fragment length polymorphism

A double fluorescence labeled terminal-restriction
fragment length polymorphism (T-RFLP) analysis was
performed based on the technique described by Kato
[15]
et al . Bacterial 16S rRNA genes were amplified
with the universal bacterial primers Bac8F (5’-FAMAGAGTTTGATCCTGGCTCAG) and Univ1492R (5’-HEXGGTTACCTTGTTACGACTT) (Sangon, Shanghai, China).
For T-RFLP, the forward primer was fluorescently
5’-labeled with FAM and the reverse primer was
5’-labeled with HEX, respectively, to enable subsequent
detection of terminal restriction fragments (T-RFs).
The PCR mixture contained approximately 50
ng DNA template, 12.5 μL Hot Start Taq Master Mix
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(Dongsheng Biotech, Guangdong, China), 0.2 μmol/L
labeled primer, 0.5 μL Taq Enzyme, and water in a final
volume of 25 μL. The PCR reaction was performed
in a PCR Thermo cycler (S1000, Bio-Rad, Hercules,
CA, United States) using the following program: an
initial activation of Taq polymerase at 95 ℃ for 3 min,
30 cycles of 95 ℃ for 30 s, 53 ℃ (56 ℃ and 60 ℃
were also tested) for 30 s, and 72 ℃ for 90 s, with a
final extension at 72 ℃ for 7 min. Negative controls
containing all reagents, but without DNA template,
were included throughout the analysis to exclude DNA
contamination.
Approximately 100 ng purified PCR products
(TIANgel Midi Purification Kit DP209, Tiangen, Beijing,
China) were digested with 1 μL of the restriction
enzyme Hae Ⅲ or Hha Ⅰ at 37 ℃ for 1 h in a final
volume of 20 μL following the manufacturer’s instruc
tions (Takara, Dalian, China). DNA fragments were
separated by capillary electrophoresis on an ABI
3730xl DNA analyzer (Invitrogen, Shanghai, China).
The lengths of fluorescently labeled T-RFs were
determined by comparison with an internal standard
®
(GeneScan 1200 LIZ ; Applied Biosystems, Foster
City, CA, United States), and data were analyzed using
GeneMapper 4.1 software (Applied Biosystems, Foster
City, CA, United States). T-RFs > 15 bp with more than
1% abundance of bacterial 16S rRNA gene fragments
[16,17]
were identified using the MiCA online software
.
In order to quantify the differences in community
structures of the studied groups, the fragment rich
ness, Shannon-Weiner diversity index, and Evenness
value were calculated by double fluorescence labeled
[16]
[18]
T-RFLP . The Jaccard similarity index
of T-RFs
between the HFD group and the other groups were
then investigated using the equation, J = C/(A + B - C),
in which A is the total size of T-RFs present in group A,
B is the total size of T-RFs present in group B, and C is
the total size of T-RFs present in both groups.

Statistical analysis

Continuous variables were expressed as mean ± SD.
Statistical analysis was performed using one-way
analysis of variance (ANOVA) or nonparametric tests,
where appropriate. Spearman’s correlation was used to
determine the relationship between body weight and
Jaccard similarity index derived from T-RFLP. P values
less than 0.05 were considered statistically significant.
SPSS 13.0 software (SPSS Inc., Chicago, IL, United
States) was used for all statistical analyses.
The statistical methods of this study were reviewed
by assistant professor Xing Zhao from the Department
of Biostatistics, West China School of Public Health,
Sichuan University, China.

RESULTS
In vitro effect of LR on microorganisms

Following culture in vitro, the MIC and MBC of 20
types of bacteria were obtained. The tested strains

13045

December 14, 2015|Volume 21|Issue 46|

Xie ZM et al . Ligustrum robustum , gut microbes and obesity
Pseudomonas aeruginosa-

MBC (mg/mL)

Salmonella enteritidis-

MIC (mg/mL)

E. coli. 8099E. coli. O157:H7Shigella flexneriEIECETECEHECEPECEAECVibrio parahemolyticusBacteroides fragilisBacteroides thetaiotaomicronBacillus cereus +
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Figure 1 Antimicrobial activity of Ligustrum robustum on gut bacteria. MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; -:
Gram negative bacteria; +: Gram positive bacteria; EAEC: Entero-aggregative Escherichia coli; EHEC: Entero-hemorrhagic Escherichia coli; ETEC: Entero-toxigenic
Escherichia coli; EPEC: Entero-pathogenic Escherichia coli; EIEC: Entero-invasive Escherichia coli.

had different MIC and MBC to LR: 0.20 mg/mL and
0.20 mg/mL for Clostridium perfringens; 0.39 mg/mL
and 0.39 mg/mL for Bacteroides thetaiotaomicron and
Bacteroides fragilis; 1.56 mg/mL and 1.56 mg/mL
for Bifidobacterium bifidum; 3.13 mg/mL and 6.25
mg/mL for Bifidobacterium infantis; 3.13 mg/mL
and 6.25 mg/mL for Lactobacterium bulagricum and
Enterococcus faecalis; 3.13 mg/mL and 3.13 mg/mL
for Staphylococcus aureus and Bacillus cereus; 6.25
mg/mL and 6.25 mg/mL for Vibrio parahemolyticus;
1.56 mg/mL and no bactericidal effect for Candida
albicans. The MICs for other strains were all greater
than 25 mg/mL. Taken together, nonparametric test
results indicated that LR exhibited higher inhibitory
effects on gram positive bacteria than gram negative
bacteria in the in vitro experiment (P < 0.05, Figure 1).

WJG|www.wjgnet.com

Animal experimental results

Food and energy intake: As indicated in Figure 2A,
the average daily food intake in the Normal group
was higher than that in the HFD model group (23.47
± 1.69 g vs 19.16 ± 1.33 g, P < 0.05). In contrast,
the average daily energy intake in the Normal group
was markedly lower than that in the HFD model
group (98.52 ± 6.67 kcal vs 88.49 ± 6.72 kcal, P <
0.05, Figure 2B), which could lead to greater body
weight gain in the HFD group. In addition, LR did not
significantly affect average daily food intake (19.95 ±
0.98 g, 19.99 ± 1.78 g, 18.37 ± 1.13 g, respectively)
and energy intake (101.74 ± 5.02 g, 101.94 ± 9.07
g, 93.67 ± 5.75 g, respectively) compared with the
HFD model group, suggesting that L. robustum did not
affect food intake and energy intake.
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Figure 2 Effects of Ligustrum robustum on macroscopic obesity related parameters. A: Daily food intake; B: Daily energy intake; C: Body weight; D: Lee’s
index; E: Body adipose; F: Liver index and Spleen index; G: Blood glucose and lipid. Normal: Normal chow diet-fed mice; HFD: High-fat diet-fed control mice; LR-L/M/H:
Low-, medium- and high-dose of Ligustrum robustum aqueous extract-treated HFD rats; n = 10 for LR-L, LR-M, LR-H; n = 9 for Normal and HFD; aP < 0.05 vs HFD
group; cP < 0.05 vs Normal group.

WJG|www.wjgnet.com

13047

December 14, 2015|Volume 21|Issue 46|

Xie ZM et al . Ligustrum robustum , gut microbes and obesity

A

10

a a,c

a a a

9
8

c

c

a

LR-L
LR-M
LR-H

c

Normal

log CFU/g

7

HFD

6
5
4
3
2
1
0

E. coli

Enterococci

Bacteroides

Lactobacilli

Bifidobacteria

C. perfringens

Gut bacteria

B

LR-L

14
12
a,c

log CFU/g

10

c

a,c

c

a

c

c

c

c

a

LR-M
c

LR-H
Normal

c

HFD

8
6
4
2
0

a

E. coli

Enterococci

Lactobacilli

Bifidobacteria

C. perfringens

Bacteroideses

Firmicutes

B/F

Gut bacteria

Figure 3 Effect of Ligustrum robustum on gut bacteria. A: Viable counts of six gut bacteria; B: 16S rRNA relative gene expression of gut bacteria. Normal: Normal
chow diet-fed mice; HFD: High-fat diet-fed control mice; LR-L/M/H: Low-, medium- and high-dose of Ligustrum robustum aqueous extract-treated HFD rats; B/F:
Bacteroidetes/Firmicutes; n = 10 for LR-L, LR-M, LR-H; n = 9 for Normal and HFD; aP < 0.05 vs HFD group; cP < 0.05 vs Normal group.

Body and organ weight: Compared with the control
group, the HFD group showed increases in body
weight, Lee’s index, and body adipose tissue (P < 0.05,
Figure 2C-E). However, no significant increase in Lee’s
index was found in LR-L, LR-M, and LR-H compared
with the Normal group, and high dose LR suppressed
the increases in body weight and fat in HFD rats (P <
0.05, Figure 2F).
Blood glucose and lipid parameters: The highfat diet increased plasma CHOL and TG relative to the
Normal group (P < 0.05, Figure 2G). LR-H reduced the
increases in GLU, TG, CHOL, LDL-C, and the ratio of
LDL-C to HDL-C relative to the HFD group (P < 0.05,
Figure 2G).
Viable counts of six gut bacteria: After 24-48
h of culture ex vivo, no significant differences in E.
coli, Bacteroides, and Clostridium perfringens growth
were observed between the experimental groups
(Figure 3A). However, compared with the HFD group,
the LR groups had a greater increase in the growth
of Lactobacilli and Bifidobacteria (P < 0.05), and
compared with the Normal group, the LR groups had a
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lower number of Enterococci (P < 0.05).
Quantitative PCR: As indicated in Figure 3B, there
were no significant differences in E. coli, Enterococci,
and Lactobacilli, although LR showed a tendency
to decrease Enterococci and increase Lactobacilli in
the feces of HFD rats, which is in accordance with
the results of the culture method. In addition, the
HFD group had the lowest ratio of Bacteroidetes to
Firmicutes in all the groups, and had a decreased
number of Firmicutes compared with the Normal group
(P < 0.05). In contrast, certain doses of LR increased
the ratio of Bacteroidetes to Firmicutes (P < 0.05) and
decreased Clostridium perfringens and Bifidobacteria in
the feces of HFD rats (P < 0.05). These data indicated
that the effects of LR on certain types of gut bacteria,
using quantitative PCR, were partly in accordance with
those derived from the culture method (Enterococci
and Lactobacilli), although Bifidobacteria was different.
T-RFLP community analysis: In this study, as
previously mentioned, the forward primer was labeled
with FAM fluorescein and the reverse primer was
labeled with HEX fluorescein. Two incision enzymes,
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Figure 4 Results of terminal-restriction fragment length polymorphism analyses. Normal: Normal chow diet-fed mice; HFD: High-fat diet-fed control mice; LR-L/
M/H: Low-, medium- and high-dose of Ligustrum robustum aqueous extract-treated HFD rats; Peaks > 15 bp with more than 1% abundance of bacterial 16S rRNA
gene fragments retrieved from four different treatments. Hae Ⅲ (Hha Ⅰ)-FAM (HEX): Purified PCR products digested by the restriction enzyme Hae Ⅲ (Hha Ⅰ) with
FAM (HEX)-labeled DNA fragments separated by capillary electrophoresis; the length of T-RFs in base pairs (bp) is indicated; n = 10 for LR-L, LR-M, LR-H; n = 9 for
Normal and HFD.

Hha Ⅰ and Hae Ⅲ, were used separately to obtain
T-RFs. Finally, four types of treatment, namely Hha ⅠHEX, Hha Ⅰ-FAM, Hae Ⅲ-HEX, and Hae Ⅲ-FAM,
were analyzed separately. The relative abundance of
T-RFs in each sample was determined by calculating
the ratio between the size of each peak and the total
peak size of all peaks detected in one sample. Distinct
T-RF was defined as an abundance of more than 1%
(Figure 4). According to the Mica Ⅲ database, in the
Hae Ⅲ-FAM group, the probable bacteria in T-RF 247
were Lactobacillus gallinarum, uncultured Lactobacillus

WJG|www.wjgnet.com

sp., uncultured Chloroflexi bacteria, and uncultured
bacteria. T-RF 247 was found in LR-L, LR-M, and LR-H
but not in the Normal or HFD groups, indicating that
LR treatment might increase Lactobacillus. T-RF 254
was identified as Clostridium subterminale, uncultured
Clostridiales bacteria, uncultured rumen bacteria,
and uncultured bacteria. T-RF 254 was detected in
the Normal group (19.9%) and HFD group (3.4%).
However, T-RF 254 was not detected in the treatment
groups, indicating that LR may decrease bacteria
such as Clostridium. T-RF 270 was identified as
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Figure 5 Similarity of gut microbiota compared with the obese group. A: The Jaccard similarity index of T-RFs in the HFD group and the other groups; B:
Correlation of body weight with average similarity. Normal: Normal chow diet-fed mice; HFD: High-fat diet-fed control mice; LR-L/M/H: Low-, medium- and high-dose of
Ligustrum robustum aqueous extract-treated HFD rats; Hae Ⅲ (Hha Ⅰ)-FAM (HEX): Purified PCR products digested by the restriction enzyme Hae Ⅲ (Hha Ⅰ) with
FAM (HEX)-labeled DNA fragments separated by capillary electrophoresis; n = 10 for LR-L, LR-M, LR-H; n = 9 for Normal and HFD.

Streptococcus equi subsp., uncultured rumen bacteria,
Helicobacter sp., uncultured Acidobacteria bacteria,
and uncultured bacteria. T-RF 271, using Hae Ⅲ-FAM,
was identified as Helicobacter pylori, uncultured rumen
bacteria, uncultured Fusobacterium sp., Fusobacterium
nucleatum subsp. and uncultured bacteria. The HFD
group had a higher percentage of T-RF 270 and T-RF
271 than the other groups (T-RF 270: 2.8%, 2.9%,
12.1%, 6.6%, 19.1%; T-RF 271: 3.4%, 1.0%, 0%,
3.0%, 5.0% in the LR-L, LR-M, LR-H, Normal, and HFD
groups, respectively), which indicated that the HFD
group may contain more Streptococcus equi subsp.
and Helicobacter sp. compared with the other groups.
In the Hae Ⅲ-HEX group, the bacteria of T-RF 35 were
suggested to be uncultured bacteria. The abundance
of T-RF 35 in the LR-L, LR-M, LR-H, Normal and HFD
groups was 2.2%, 0%, 1.03%, 20.69%, and 10.25%
respectively. In the Hha Ⅰ-FAM group, bacteria of
T-RF 361 were mainly uncultured rumen bacteria.
The abundance of T-RF 361 in the LR-L, LR-M, LR-H,
Normal, and HFD groups was 3.4%, 4.3%, 3.1%, 0%,
and 0%, respectively, indicating that LR treatment may
increase the abundance of uncultured rumen bacteria.
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In the Hha Ⅰ-HEX group, bacteria of T-RF 403 were
mainly Lactobacillus sp. and uncultured bacteria when
compared with the database. This also indicated
that LR treatment may increase the abundance of
Lactobacillus sp. The findings from T-RF 403 (Hha ⅠHEX) and T-RF 247 (Hae Ⅲ-FAM) indicated that LR
effectively increased some types of Lactobacillus sp.
(Figure 4). This finding was partly in accordance with
the results obtained from the culture method and
quantitative PCR.
The Jaccard similarity index in the different
treatments (i.e., Hae Ⅲ-FAM, Hae Ⅲ-HEX, Hha ⅠFAM, and Hha Ⅰ-HEX) between the HFD group and
the other groups is shown in Figure 5A. The average
similarity compared with the HFD group was 0.44%,
0.40%, 0.35%, and 0.36%, respectively. There was a
correlation between body weight and average similarity
compared with the obese group (P < 0.05, Figure 5B),
which indicated that gut microbiota in the heavier body
weight group had higher similarity with the HFD group.
These results demonstrated that the anti-obesity effect
of LR might be derived from its effect on gut bacteria.
In this study, we found that bacterial richness was
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32.50 ± 5.20a,c
26.00 ± 5.68
24.50 ± 4.58
21.56 ± 8.17
27.11 ± 5.80

Hae Ⅲ-FAM

44.80 ± 8.64a,c
31.70 ± 8.08
31.80 ± 11.79
29.11 ± 10.40
33.56 ± 11.20

44.90 ± 14.90
39.40 ± 5.32
37.00 ± 7.56
35.89 ± 7.03
38.67 ± 12.75

Hha Ⅰ-FAM

Richness
24.00 ± 7.77
25.00 ± 4.99
26.40 ± 6.11
21.44 ± 4.50
24.78 ± 6.36

Hha Ⅰ-HEX
3.16 ± 0.31a,c
2.93 ± 0.25
2.88 ± 0.38
2.66 ± 0.25
2.80 ± 0.47

Hae Ⅲ-FAM
2.76 ± 0.22a,c
2.54 ± 0.18c
2.50 ± 0.25c
2.28 ± 0.23a
2.50 ± 0.20c

Hae Ⅲ-HEX
3.23 ± 0.20a
3.19 ± 0.11a
3.04 ± 0.18
3.09 ± 0.22
2.95 ± 0.39

Hha Ⅰ-FAM

Shannon-Weiner
2.36 ± 0.16
2.34 ± 0.15
2.51 ± 0.22
2.35 ± 0.16
2.38 ± 0.23

Hha Ⅰ-HEX
0.84 ± 0.07
0.85 ± 0.04
0.85 ± 0.04
0.81 ± 0.08
0.81 ± 0.06

Hae Ⅲ-FAM
0.80 ± 0.05
0.79 ± 0.05
0.79 ± 0.06
0.77 ± 0.09
0.76 ± 0.06

Hae Ⅲ-HEX
0.86 ± 0.03a
0.87 ± 0.03a
0.85 ± 0.04
0.87 ± 0.04a
0.82 ± 0.04c

Hha Ⅰ-FAM

Evenness
0.76 ± 0.05
0.73 ± 0.05
0.77 ± 0.07
0.77 ± 0.06
0.75 ± 0.08

Hha Ⅰ-HEX
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Various studies have demonstrated that gut bacteria play an important role in obesity development. Here, we analyzed the regulatory effect of LR on gut bacteria in vivo
and in vitro and body weight control. We found that a high dose of LR resulted in a significant decrease in body weight and Lee’s index compared with rats fed the HFD
not treated with LR, and certain doses of LR decreased CHOL, TG, LDL-C, and LDL-C/HDL-C in rats fed the HFD. These results suggest that LR may have anti-obesity
and lipid-reducing effects. To determine whether the effect of weight loss was related to food and energy intake, we evaluated food and energy intake in all LR treated
rats and in rats fed the HFD and found no significant differences, indicating that LR may prevent obesity without sacrificing daily food intake or daily energy intake. This
led us to further investigate the mechanism of LR on body weight control. It is widely accepted that gut microbes play an important role in host energy metabolism and
[6,7]
obesity development. Combined with the already existing evidence that LR has a regulatory effect on microorganisms , we speculated that the anti-obesity effects of
LR may be mediated by the regulation of host gut microbes. To verify our hypothesis, we tested the regulatory effects of LR on gut bacteria in vivo and in vitro using
different methods.
We first tested the effect of LR on the changes in rat gut bacteria. The culture results demonstrated that all three groups treated with LR had a lower level of
Enterococci (P < 0.05). The quantitative PCR results also indicated a decreasing tendency in the Enterococci population compared with the HFD model group. In our
[19]
[20]
previous study, we found that the number of Enterococci in the obese group was higher than that in the normal weight group . The studies by Mozes et al and Zhou
[21]
et al showed that an increase in Enterococci might help promote the development of obesity. These findings demonstrated that the anti-obesity effect of LR may be
partly due to its ability to decrease the number of Enterococci.
In addition to Enterococci, we also found that the numbers of Bifidobacteria in the LR-L, LR-M, and LR-H groups were higher than that in the HFD group (P < 0.05).
However, the results from quantitative PCR demonstrated that the numbers of Bifidobacteria in the LR-M and LR-H groups were lower than those in the HFD model
group and control group (P < 0.05). What are the probable reasons contributing to the controversial results obtained from the different detection methods? In Matsuki
[22]
et al , it was reported that not all Bifidobacteria could be identified by the culture method, and various types of Bifidobacteria required different culture conditions to
grow on the plates. Thus, BBL, the only medium used, may not satisfy the requirements of all types of Bifidobacteria, especially those requiring strict culture conditions.
[22]
Moreover, it is worth noting that a previous study indicated that many cultivable Bifidobacteria strains were important for host health and energy intake . Therefore,

DISCUSSION

higher in the LR-L group than in the HFD group when Hae Ⅲ-FAM and Hae Ⅲ-HEX were applied (P < 0.05, Table 3). When Hae Ⅲ-FAM, Hae Ⅲ-HEX, and Hha I-FAM
were used, a higher diversity index was found in the LR-L group compared with the HFD group (P < 0.05). When Hha Ⅰ-FAM was used, a higher diversity index was
also found in the LR-M group compared with the HFD group (P < 0.05). In addition, both the LR-L group and the LR-M group had higher E values compared with the
HFD group when using Hha Ⅰ-FAM (P < 0.05), while no difference between the LH-H and obese group was observed.

S (Richness) = Σpi; H (Shannon-Weiner diversity index) = -ΣpiLnpi; D (Simpson index) = 1 - Σpi2; E (Evenness) = H/Hmax (Hmax = Ln S). aP < 0.05 vs HFD group; cP < 0.05 vs Normal group. Normal: Normal chow diet-fed mice;
HFD: High-fat diet-fed control mice; LR-L/M/H: Low-, medium- and high-dose of Ligustrum robustum aqueous extract-treated HFD rats.

LR-L
LR-M
LR-H
Normal
HFD

Group

Table 3 Richness, Shannon-Weiner diversity indices, and evenness

Xie ZM et al . Ligustrum robustum , gut microbes and obesity

13051

December 14, 2015|Volume 21|Issue 46|

Xie ZM et al . Ligustrum robustum , gut microbes and obesity
in our study, the decreased amount of Bifidobacteria
detected by quantitative PCR might be vulnerable to
LR treatment. According to our other results, this kind
of Bifidobacteria might contribute less to the control
of host’s body weight than those that could be grown
on BBL plates. Besides, there are only 2000 types of
bacteria that can be used for 16S rRNA sequencing,
and a large proportion of the 16S rRNA sequence is
still unknown. Therefore, we speculate that the reason
we obtained controversial results for Bifidobacteria
may be partly due to the different principles of the
detection methods. However, further studies are
needed to confirm our speculation.
Lactobacillus consists of more than 90 types of
bacteria, and approximately 30% can be cultured from
[23]
stool samples . The beneficial effect of Lactobacillus
has been widely known for a long time. In this study,
the culture results showed that the populations of
Lactobacillus at different doses of LR were higher
than those in the HFD model group (P < 0.05). The
quantitative PCR results also demonstrated a similar
tendency without significant variance. Furthermore,
T-RF 247 (Hae Ⅲ-FAM) and T-RF 403 (Hha Ⅰ-HEX)
analyses showed that LR treatment increased the
abundance of Lactobacillus sp. Several previous
studies reported that Lactobacillus regulates host
[24,25]
metabolism and energy intake
. These results may
indicate a potential role for cultivable Lactobacillus in
LR-mediated weight loss.
Clostridium perfringens is a harmful gut bacterium,
[26,27]
which can cause many diseases
. In this study,
C. perfringens in LR-H treated group was lower than
that in the normal group (P < 0.05), therefore, LR
might inhibit the growth of C. perfringens and result
in a healthier gut environment. However, this is a
preliminary conclusion, and more studies are needed
to confirm these findings.
Bacteroides, the most predominant bacterial
group in the gut, is involved in the regulation of host
metabolism and energy intake by regulating the
[28]
metabolism of polysaccharide in the gut . Previous
studies have shown that normal rats contained more
[19,20]
Bacteroides compared with the obese group
. In
the present study, no significant difference was found
using the culture method. However, the number of
Bacteroidetes in the control group was higher than
that in the group fed a HFD (P < 0.05). This was partly
consistent with previous findings.
The relative proportions of gut bacteria can also
affect body weight. Bacteroidetes and Firmicutes are
[29]
the main gut bacteria that affect energy homeostasis .
It was reported that obese rats had less Bacteroidetes
[30,31]
and more Firmicutes than the lean group
. In the
present study, the HFD model group had the highest
Lee’s index and the lowest ratio of Bacteroidetes to
Firmicutes compared with the other groups. On the
other hand, the RL-H group had the lowest Lee’s index
and the highest ratio of Bacteroidetes to Firmicutes
(P < 0.05). In addition, our results showed that the
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numbers of Bacteroidetes and Firmicutes in the normal
control group were higher than those in the other four
HFD groups, indicating that a HFD may lower the total
number of gut bacteria.
In addition to the animal experiment, the different
bacteriostatic and bactericidal effects of LR on gut
bacteria were studied. Strongly selective bacteriostasis
of LR was found by the MIC and MBC tests, and
LR showed a higher inhibitory effect on the growth
of gram positive bacteria than on gram negative
bacteria. Interestingly, Enterococci, Bifidobacteria,
Lactobacillus, and C. perfringens are all gram positive
bacteria, and it was speculated that the growth of
these gram positive bacteria would be inhibited and
not enhanced according to the in vitro experiment.
However, in the in vivo experiment, the number of
some gram positive bacteria, such as Enterococci
and C. perfringens decreased, while the number of
Lactobacillus increased. This may be attributed to the
fact that LR did not reach the effective concentrations
required ex vivo when in the intestinal tract. The in
vitro experiment targeted specific strains that partly
represented the whole gut flora, whereas the results
from the animal experiment focused on the genus
level of different gut bacteria. Furthermore, LR is a
mixture of different components, and the digestive
tract is a complicated channel with various enzymes
and microorganisms. LR would gradually be degraded
in the gastrointestinal tract, thus the effective
components in LR would probably be metabolized.
As a result, in the ex vivo and in vivo experiments,
the active ingredients of LR on gut bacteria would be
different. However, we still observed the same trend in
some bacteria after LR treatment both in vivo and in
vitro.
In the present study, double fluorescence labeled
T-RFLP was used to analyze the richness, diversity, and
evenness of gut microbiota. Analysis of dominant flora
showed that LR changed the advantageous bacterial
species and their percentage in the total flora. By
analyzing the percentage of advantageous flora in
the total flora, we found that a certain amount of LR
increased the percentage of Lactobacillus sp. in the
total flora. We also found that LR treatment, especially
LR-L, increased the richness and species diversity of
the gut. Similar analysis of gut microbiota in the LR
treated groups and the normal group compared with
the HFD group indicated that gut microbiota in the
heavier body weight group had higher similarity with
the HFD group, which revealed a possible role for LR in
obesity prevention by affecting the gut microbiota.
In conclusion, our study demonstrated significant
bacteriostatic and bactericidal effects of LR on specific
gut bacteria in vitro, and certain doses of LR altered
the richness and diversity of gut bacteria in HFD
rats. This study also found increased number of fecal
Lactobacilli and decreased number of Enterococci,
together with a decrease in Lee’s index and blood
concentration of fat storage-related indicators in HFD
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rats. These findings indicated that LR may have a
potential anti-obesity effect by regulating gut bacteria.
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Abstract
AIM: To determine the therapeutic potential of
sphingosine kinase 1 (Sphk1) inhibition and its
underlying mechanism in a well-characterized mouse
model of D-galactosamine (D-GalN)/lipopolysaccharide
(LPS)-induced acute liver failure (ALF).
METHODS: Balb/c mice were randomly assigned to
different groups, with ALF induced by intraperitoneal
injection of D-GaIN (600 mg/kg) and LPS (10 μg/kg).
The Kaplan-Meier method was used for survival
analysis. Serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels at different
time points within one week were determined using a
multi-parametric analyzer. Serum high-mobility group
box 1 (HMGB1), tumor necrosis factor-α (TNF-α),
interleukin (IL)-1β, IL-6, IL-10, and sphingosine1-phosphate were detected by enzyme-linked
immunosorbent assay. Hepatic morphological changes
at 36 h after acute liver injury induction were assessed
by hematoxylin and eosin staining. HMGB1 expression
in hepatocytes and cytoplasmic translocation were
detected by immunohistochemistry. Expression of
Sphk1 in liver tissue and peripheral blood mononuclear
cells (PBMCs) was analyzed by Western blot.
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RESULTS: The expression of Sphk1 in liver tissue
and PBMCs was upregulated in GalN/LPS-induced ALF.
Upregulated Sphk1 expression in liver tissue was mainly
caused by Kupffer cells, the resident macrophages
of the liver. The survival rates of mice in the N,Ndimethylsphingosine (DMS, a specific inhibitor of
SphK1) treatment group were significantly higher than
that of the control group (P < 0.001). DMS treatment
significantly decreased the levels of serum ALT and AST
at 6, 12, and 24 h compared with that of the control
group (P < 0.01 for all). Serum HMGB1 levels at 6,
12, and 24 h, as well as serum TNF-α, IL-6, and IL1β levels at 12 h, were significantly lower in the DMS
treatment group than in the control group (P < 0.01
for all). Furthermore, hepatic inflammation, necrosis,
and HMGB1 cytoplasm translocation in liver cells were
significantly decreased in the DMS treatment group
compared to the control group (43.72% ± 5.51% vs
2
3.57% ± 0.83%, χ = 12.81, P < 0.01).
CONCLUSION: Inhibition of SphK1 ameliorates ALF by
reducing HMGB1 cytoplasmic translocation in liver cells,
and so might be a potential therapeutic strategy for
this disease.
Key words: Acute liver failure; Sphingosine kinase 1;
High-mobility group box 1; Cytoplasmic translocation;
Inflammatory cytokine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies demonstrated that sphingosine
kinase 1 (Sphk1) plays a critical role in sepsis-induced
inflammatory responses and high-mobility group box
1 (HMGB1) cytoplasmic translocation has an important
role in acute liver failure (ALF). The finding that SphK1
is able to mediate the secretion of proinflammatory
mediators prompted us to investigate its role in
systemic inflammatory response caused by ALF. In the
present study, we demonstrated that SphK1 was critical
in D-galactosamine/lipopolysaccharide-induced ALF
in mice and that inhibition of SphK1 ameliorated ALF
by reducing HMGB1 cytoplasmic translocation in liver
cells in this animal model. Our findings suggest that
inhibition of SphK1 might be a potential therapeutic
strategy for ALF.
Lei YC, Yang LL, Li W, Luo P, Zheng PF. Inhibition of
sphingosine kinase 1 ameliorates acute liver failure by reducing
high-mobility group box 1 cytoplasmic translocation in liver cells.
World J Gastroenterol 2015; 21(46): 13055-13063 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i46/13055.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i46.13055

INTRODUCTION
Acute liver failure (ALF) is characterized by sudden
and massive death of liver cells and remains a
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disease with high mortality and limited therapeutic
[1]
options, often demanding liver transplantation . The
injured hepatocytes may themselves aggravate and
exacerbate liver injury via the activation of immune
cells, often leading to systemic inflammatory response
syndrome, which is the most common cause of death
[2,3]
for the disease . Recent clinical trials and animal
studies have suggested that ALF can trigger systemic
inflammation. Patients with ALF have higher circulating
concentrations of pro-inflammatory cytokines, such as
tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β),
[4,5]
and IL-6 .
Sphingosine kinases (SphKs) are intracellular
signaling enzymes that catalyze the formation of
[6]
the lipid mediator sphingosine-1-phosphate (S1P) .
Several pro-inflammatory stimuli, including TNF-α
and immune complexes, activate SphK1 on human
neutrophils and macrophages, and blockade of SphK1
inhibits pro-inflammatory responses triggered by
[7-9]
these stimuli . A recent study demonstrated that
SphK1 plays a critical role in endotoxin signaling
[10]
and sepsis-induced inflammatory responses . The
finding that SphK1 is able to mediate the secretion of
proinflammatory mediators prompted us to investigate
its role in the systemic inflammatory response caused
by ALF.
High-mobility group box 1 (HMGB1) is a late
mediator of lethal systemic inflammation. Recent
studies have demonstrated that hepatocytes can
actively release HMGB1 after being challenged with
lipopolysaccharide (LPS) and HMGB1 cytoplasmic
translocation was observed in liver cells in an animal
model of ALF induced by D-galactosamine (D-GalN)
[11]
and LPS, as well as in patients with ALF .
In the present study, we aimed to determine
the therapeutic potential of Sphk1 inhibition and its
underlying mechanism in a well-characterized mouse
model of GalN/LPS-induced ALF. We demonstrated
that SphK1 was upregulated in the liver tissue and
peripheral blood mononuclear cells (PBMCs) of mice
with D-GalN/LPS-induced ALF. We also found that
inhibition of SphK1 with N,N-dimethylsphingosine
(DMS), a specific inhibitor of SphK1, ameliorated ALF
and reduced HMGB1 cytoplasmic translocation in liver
cells in this animal model. Our findings suggest that
inhibition of SphK1 might be a potential therapeutic
strategy for ALF.

MATERIALS AND METHODS
Animal model of ALF and treatments

Male Balb/c mice aged 6-7 wk and weighing 20 ±
0.5 g were obtained from the Experimental Animal
Center of Nanchang University, Nanchang, China. The
mice were handled and treated in accordance with
the strict guiding principles of the National Institution
of Health for experimental care and use of animals.
ALF was induced in mice by intraperitoneal injection
of D-GalN (600 mg/kg) (Sigma-Aldrich, St. Louis, MO,
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United States) and LPS (10 μg/kg) (Sigma-Aldrich) as
previously described. At 6 and 36 h following the onset
of ALF, mice were sacrificed to harvest liver tissue for
immunohistochemistry and hematoxylin and eosin
(HE) staining. For deletion of Kupffer cells (KCs), mice
were intraperitoneally injected with GdCL3 (20 mg/kg)
[12]
(Sigma-Aldrich) 24 h before the induction of ALF .
DMS (Sigma-Aldrich), a specific chemical inhibitor of
SphK1, was intraperitoneally injected 0.5 h prior to the
onset of ALF to inhibit SphK1 activity in vivo.

Measurement of serum aminotransferase activities and
cytokine levels

Serum samples were stored at -80 ℃ until analysis.
Serum ALT and AST levels were measured using a
multi-parametric analyzer (AU 5400, Olympus, Japan).
Serum levels of TNF-α, IL-1β, IL-6, IL-10, and HMGB1
were determined using enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer’s
instructions (RD Systems, Minneapolis, MN, United
States).

Determination of S1P concentration

S1P concentrations were determined by ELISA using
a commercial kit (Echelon, Salt Lake City, UT, United
States). A 96-well microtiter plate was coated with
S1P and blocked to reduce non-specific binding. The
S1P standard and samples were then mixed with the
anti-S1P antibody before adding the mixture to the
S1P-coated plate. The antibody competes for binding
to S1P bound to the plate or in the sample. Following
incubation and plate wash, streptavidin-horseradish
peroxidase (HRP) was added to the plate and bound
to anti-S1P antibody (labeled with biotin) bound to
the plate. After additional incubation and plate wash,
tetramethylbenzidine substrate was added to the
plate, and the reaction was stopped by the addition of
sulfuric acid. The absorbance at 450 nm was measured
and the concentrations of S1P in the samples were
[13]
determined by comparison to the standard curve .

Western blot analysis

Proteins (40 μg) from total tissue or cell lysates/
samples were resolved on 10% polyacrylamide gels
under denaturing conditions and then transferred to
0.45 μm nitrocellulose membranes. The blots were
probed using polyclonal anti-SphK1 antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, United States);
anti-β-actin (Santa Cruz Biotechnology) was used as
a loading control. Bands were visualized using HRPconjugated anti-IgG secondary antibody and the ECL
Western Blotting Detection System (GE Healthcare,
United Kingdom).

Histological and immunohistochemistry assays

Liver tissue samples were fixed in 10% phosphatebuffered formalin, embedded in paraffin, and
processed for immunological and histological assays.
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Tissue sections of 5 µm were cut and stained with
hematoxylin and eosin (HE) or antibody against
HMGB1. To reduce non-specific signal, slides were
incubated with goat serum blocking buffer (Boster,
Wuhan, China) at room temperature for 1 h. The
slides were subsequently incubated with primary antiHMGB1 antibody (1:500, Cell Signaling Technology,
Danvers, MA, United States). After washing thrice with
PBS, slides were incubated with HRP-conjugated goat
anti-rabbit IgG (1:1000, Abcam, HK, China) at room
temperature for 1 h. Histological assessment was
performed by a blinded observer, who scored the liver
sections using the following criteria: normal histology,
“0”; minor hepatocellular death and inflammation, “1”;
widely distributed patchy necrosis and inflammation,
“2”; complete disruption with panlobular necrosis and
inflammation, “3”; and mortality, “4”. Hepatocytes
with brown staining in the nucleus area represent the
normal location of HMGB1, while hepatocytes with
brown staining in both cytoplasmic and nucleus areas
were defined as cytoplasmic translocation of HMGB1.
At least ten high-power fields were chosen randomly
and > 1000 cells were counted for each section. The
percentage of hepatocytes with HMGB1 cytoplasmic
translocation in all hepatocytes counted in each group
was calculated.

Statistical analysis

Data are expressed as the mean ± SE. Statistical
significance was determined by a two-tailed Student’s
t-test or one way analysis of variance (ANOVA). A logrank test was used for survival analysis. A P value <
0.05 was considered statistically significant. Statistical
image analysis was performed after determining
that the data could fit with a normal distribution. A
two-tailed Student’s t-test was employed after the
exclusion of outliers that were less or greater than
two standard deviations away from the median. All
statistical analyses were performed using SPSS 13.0
for Windows.

RESULTS
Expression of Sphk1 in liver tissues and PBMCs of mice
with G-GalN/LPS-induced ALF

Previous studies have indicated that SphK1 is mainly
expressed in neutrophils and macrophages. To dissect
the role of SphK1 in the pathogenesis of ALF, we first
determined whether SphK1 expression is triggered in
ALF in vivo. Liver tissues and PBMCs were harvested
from mice at 0, 0.5, 1, 3, and 6 h after D-GalN/LPS
injection. Compared with normal control mice, the
expression of SphK1 in the liver tissues and PBMCs of
mice with ALF promptly increased at 0.5 and 1 h, and
then declined to the basal level after 3 h, suggesting
that SphK1 expression in the liver is an early event in
the development of D-GalN/LPS-induced ALF (Figure
1A and B). KCs are the resident macrophages of the

13057

December 14, 2015|Volume 21|Issue 46|

Lei YC et al . Inhibition of SphK1 attenuates ALF

A

0h

0.5 h

1h

3h

6h

SphK1

β-actin

B

0h

0.5 h

1h

3h

6h
SphK1

β-actin

C

PBS

ALF

ALF + GdCL3
SphK1

β-actin

Figure 1 Sphk1 expression in liver tissue and peripheral blood mononuclear
cells of mice with D-galactosamine/lipopolysaccharide-induced acute liver
failure. Acute liver failure was induced in BALB/c mice using D-galactosamine
(D-GalN; 600 mg/kg) and lipopolysaccharide (LPS; 10 μg/kg). A and B: Sphk1
expression in liver tissues and PBMCs of mice with D-GalN/LPS-induced acute
liver failure; C: SphK1 expression in liver tissue of mice with acute liver failure
after partial deletion of KCs with GdCL3 (20 mg/kg, i.p.) for 24 h.

liver and constitute 80%-90% of tissue macrophages
in the body. During ALF, there is a remarkable increase
of activated hepatic macrophages. After intraperitoneal
injection of GdCL3 (20 mg/kg) for 24 h to partially
delete KCs before the induction of ALF, SphK1 ex
pression in the liver decreased at 0.5 h compared with
that in normal controls. These results suggest that KCs
are responsible for the increased expression of SphK1
in the liver tissue of mice with D-GalN/LPS-induced
ALF (Figure 1C).

Activation of SPHK1 is critical for the development of
ALF

To address the functional significance of SphK1 in
ALF, we treated mice with DMS, a specific chemical
inhibitor of SphK1, 0.5 h prior to the onset of ALF. The
inhibition of SphK1 activity in vivo was confirmed by
reduced expression of sphingosine-1-phosphate (S1P),
a downstream substrate of SphK1 (Figure 2A).
For mortality analysis, five groups of mice, all
challenged with D-GalN/LPS, were examined. The mice
in group Ⅰ (control) received vehicle only, the mice
in groups Ⅱ to Ⅳ were pre-treated with three doses
(10, 25, and 50 µmol/L) of DMS before D-GalN/LPS
challenge, and the mice in group Ⅴ were administered
DMS (50 µmol/L) 0.5 h after the onset of D-GalN/LPSinduced ALF. In the control group, the mice began
to die 6 h after D-GalN/LPS injection, leading to
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only 38.9% (3/18) surviving at 24 h. However, pretreatment with DMS increased the survival rate in a
dose-dependent manner; at 24 h after D-GalN/LPS
administration, the survival rates were 50% (9/18),
61.1% (11/18), and 83.3% (15/18) in the mice pretreated with 10, 25, and 50 µmol/L DMS, respectively.
The survival rate of mice pre-treated with 50 µmol/L
DMS was significantly higher than that of the control
group (P = 0.004) (Figure 2B), suggesting that DMS
(50 µmol/L) provided significant protection from ALF.
However, the survival rate of mice treated with DMS (50
µmol/L) at 0.5 h after onset of ALF (group Ⅴ) was only
44.4% (8/18). Therefore, we selected pre-treatment
with 50 µmol/L DMS for the following study.
Liver enzyme release levels measured in the
peripheral blood provide a good estimate of ongoing
liver injury. To address the effect of inhibiting SphK1
activity on hepatic injury, we investigated whether
DMS regulates serum ALT and AST levels in mice with
D-GalN/LPS-induced ALF. The peak liver enzyme levels
were observed at 12 h after systemic treatment, both
in the control and SphK1 inhibitor treatment groups.
The peak ALT and AST levels were reduced significantly
in the SphK1 inhibitor treatment group compared with
the control group (Figure 2C and D). The peak ALT and
AST levels were reduced by 63.4% (P < 0.001) and
68.6% (P < 0.001), respectively, in the DMS-treated
animals (Figure 2A and B), and the ALT and AST levels
at 6 and 24 h were also decreased significantly in the
DMS-treated group compared with the control group
(P < 0.001). However, no significant differences were
observed at any of the other time points after 24 h.
D-GalN/LPS treatment is known to induce hepa
tocyte necrosis and inflammatory responses. In the
present study, liver histology was normal in the vehicletreated normal mice, but GalN/LPS treatment caused
significant hepatic injury at 36 h, where the necrosis
areas were more than 50% of almost all lobules
examined, together with panlobular mononuclear
leukocyte infiltration, cytoplasmic vacuolization, and
severe distortion of tissue architecture (Figure 3B).
However, DMS-treated mice showed only small areas of
necrosis and inflammatory cell infiltration (Figure 3C).
Taken together, these data demonstrated that
inhibition of Sphk1 activity with DMS improved the
survival rate, attenuated liver enzyme release, and
reduced liver inflammation and necrosis in ALF,
suggesting that Sphk1 activation is critical for the
development of ALF.

Inhibition of SphK1 activation downregulates
inflammatory cytokine and HMGB1 levels

Massive liver injury results in local and systemic
inflammatory responses that can ultimately lead
to multi-organ failure and death. Analysis of serum
cytokine levels revealed a significant decrease in
TNF-α, IL-1β, and IL-6 after DMS treatment (P < 0.01).
However, the level of the anti-inflammatory cytokine

13058

December 14, 2015|Volume 21|Issue 46|

Lei YC et al . Inhibition of SphK1 attenuates ALF

B

2500

100.0

2000

80.0
Survival rate (%)

Serum concentration of SIP (nmol/L)

A

1500
b

1000

60.0
40.0

500

Control
DMS

20.0

0

PBS

ALF + DMS

0.0

ALF

0

24

48

72

96

120

144

168

t/h

D

10000
8000
DMS
Control

6000
b

4000
2000
0

b

b

6

12

24

48

72
t/h

96

10000
8000

Serum AST levels (U/L)

Serum ALT levels (U/L)

C

DMS
Control

6000
4000
2000
0

120 144    168

b
b

6

b

12

24

48

72

96

120 144    168

t/h

Figure 2 Inhibition of Sphk1 activity with DMS decreases serum S1P concentrations, improves survival, and attenuates liver enzyme release in a mouse
model of acute liver failure. Animals were treated with vehicle or DMS (50 µmol/L) 30 min before the induction of acute liver failure. A: Inhibition of Sphk1 activity
with DMS reduced S1P, a downstream substrate of SphK1 (735.77 nmol/L ± 87.39 nmol/L vs 1789.23 nmol/L ± 201.79 nmol/L, t = 20.39, bP < 0.01); B: Kaplan-Meier
analysis of the effect of DMS on survival rate of the animals. bP = 0.004, F = 8.276, log rank test; C and D: ALT and AST levels in peripheral blood samples collected at 6,
12, 24, 48, 72, 120, 144, and 168 h after treatment. DMS treatment significantly decreased serum levels of ALT at 6, 12, and 24 h (332.8 U/L ± 124.2 U/L, 2788.2 U/L
± 839.2 U/L, 1265.1 U/L ± 371.7 U/L vs 836.6 U/L ± 221.5 U/L, 7612.8 U/L ± 1579.1 U/L, 3741.4 U/L ± 771.7 U/L, t = 6.87, 10.44, and 10.01, respectively, bP < 0.01)
and AST at 6, 12, and 24 h (257.1 U/L ± 134.9 U/L, 2196.3 U/L ± 676.3 U/L, 982.3 U/L ± 255.9 U/L vs 853.7 U/L ± 202.3 U/L, 6993.6 U/L ± 1209.5 U/L, 2991.1 U/L ±
678.5 U/L, t = 8.50, 12.00, and 9.60, respectively, bP < 0.01) compared with those of the control group. The mean ± SE of three independent experiments is shown (error
bar indicates standard error). DMS: N,N-dimethylsphingosine; S1P: Sphingosine-1-phosphate; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

IL-10 was not increased in the DMS treatment group
(Figure 4A). These pro-inflammatory cytokines
are known to be upregulated during liver injury.
Extracellular HMGB1 is released by phagocytes and
damaged or necrotic cells, and functions as a damageassociated molecular pattern (DAMAP) that contributes
to the pathogenesis of ALF. In the control group,
serum HMGB1 levels increased 6 h after ALF induction,
peaked at 12 h, and then dropped rapidly. However,
DMS treatment decreased serum concentrations of
HMGB1 at all three time points (Figure 4B). These data
demonstrate that inhibition of Sphk1 activity with DMS
decreased pro-inflammatory cytokine and HMGB1
levels.

HMGB1 in most hepatocytes (Figure 3D). In contrast,
HMGB1 cytoplasmic staining was easily observed in
liver tissue at 6 h after administration of D-GalN and
LPS. HMGB1 staining was found in both the cytoplasm
and nucleus of many hepatocytes in the lobes (Figure
3E). In some hepatocytes, HMGB1 was only found in
the cytoplasm, showing different stages of HMGB1
cytoplasmic translocation. However, HMGB1 staining
was found in the cytoplasm of very few hepatocytes
in DMS-treated mice (Figure 3F). Consistently, the
percentage of hepatocytes with HMGB1 cytoplasmic
staining was significantly higher (43.42% ± 5.51%) in
the D-GalN and LPS-treated groups than in the DMStreated group (3.57% ± 0.83%) (Figure 3G).

SPHK1 inhibitor attenuates HMGB1 cytoplasmic
translocation in liver cells

DISCUSSION

The pathological findings of the liver after exposure to
D-GalN and LPS for 6 h showed minor derangement
of the hepatic plate and the appearance of ballooning
degeneration in several hepatocytes. Liver specimens
from normal mice revealed a nuclear localization of
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ALF is an acute inflammatory process of the liver which
may lead to systemic inflammatory response syndrome
[14]
and multi-organ dysfunction syndrome . SphK1 has
been implicated in inflammatory response and various
immune cell functions. Recent studies showed that
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Figure 3 Immune cell infiltration and tissue damage and HMGB1 cytoplasmic translocation in hepatocytes of mice 36 h after D-galactosamine/
lipopolysaccharide challenge. Immune cell infiltration, tissue damage, and HMGB1 cytoplasmic translocation in hepatocytes at 6 and 36 h after the onset of acute
liver failure were detected by hematoxylin and eosin staining (A-C) and immunohistochemistry (D-F); magnification × 10 or × 20. A and B: Normal mice; C and D:
Acute liver failure mice; E and F: DMS-treated mice; G: Percentage of hepatocytes with HMGB1 cytoplasmic translocation. χ 2 = 12.81, bP < 0.01, (3.57% ± 0.83%) vs
controls (43.72% ± 5.51%). The mean ± SE of three independent experiments is shown (error bar indicates standard error).
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Figure 4 Inhibition of SPHK1 activation downregulates serum inflammatory cytokine and HMGB1 levels in mice with acute liver failure. A: DMS reduced
serum levels of TNF-α, IL-1β, and IL-6 significantly (57.07 pg/mL ± 22.83 pg/mL vs 198.55 pg/mL ± 48.17 pg/mL; 15.66 pg/mL ± 13.13 pg/mL vs 37.44 pg/mL ± 18.68
pg/mL; 19.13 pg/mL ± 5.32 pg/mL vs 40.13 pg/mL ± 9.37 pg/mL, t = 27.6, 10.12 and 4.33, respectively, bP < 0.01), but did not increase the level of anti-inflammatory
cytokine IL-10 at 12 h; B DMS reduced HMGB1 levels at 6, 12, and 24 h in mice (23.49 ng/mL ± 3.89 ng/mL vs 58.6 ng/mL ± 3.65 ng/mL; 61.62 ng/mL ± 13.07 ng/mL
vs 27.32 ng/mL ± 5.97 ng/mL; 49.91 ng/mL ± 16.6 ng/mL vs 32.42 ng/mL ± 4.23 ng/mL, t = 11.27, 4.07, and 8.42, respectively, bP < 0.01). The mean ± SE of three
independent experiments is shown (error bar indicates standard error).

Sphk1 regulates macrophage cytokine production,
and inhibition of Sphk1 protects mice from endotoxininduced shock. However, the potential role for SphK1
in systemic inflammatory response in ALF has not yet
been explored. In a previous in vivo study, compared
with vehicle-treated normal mice, the administration of
LPS together with a sub-lethal dose of D-GalN induced
severe hepatic damage accompanied by necrotic
changes and severe inflammation in the liver, which
[15]
is similar to human liver failure . Therefore, it is of
interest to further investigate the hepatoprotective
potential of Sphk1 inhibition in D-GalN/LPS-induced
ALF and the mechanism involved.
SphK1 is mainly expressed in neutrophils and
[6,10]
macrophages
. KCs are the resident macrophages
of the liver and constitute the majority of tissue
macrophages in the body. During ALF, there is a
remarkable increase in activated hepatic macrophages,
and partial deletion of KCs with GdCL3 prevents
[12]
D-GalN/LPS-induced ALF . Our current study
demonstrated that expression of SphK1 in liver tissue
and PBMCs promptly increased at 0.5 h after D-GalN/
LPS injection; however, after intraperitoneal injection
of GdCL3 to partially delete KCs, SphK1 expression
in the liver decreased at 0.5 h compared with that in
normal controls. These results suggest that SphK1
expression in the liver is an early event in the acute
phase of ALF, and that KCs are responsible for the
upregulated expression of SphK1 in the liver tissue of
mice with D-GalN/LPS-induced ALF.
To address the functional significance of SphK1 in
ALF, we treated mice with DMS; a specific chemical
inhibitor of SphK1. Pre-treatment with DMS reduced
S1P level and increased the survival rate in a dosedependent manner in animals with D-GalN/LPSinduced ALF. Peak liver enzyme levels were observed
12 h after systemic treatment, with the peak ALT and
AST levels being significantly reduced in the DMS
treatment group compared to that of the control group.
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Furthermore, DMS-treated mice showed only small
areas of necrosis and inflammatory cell infiltration,
although GalN/LPS treatment caused significant
hepatic injury in mice at 36 h, where necrosis areas
were more than 50% of almost all lobules examined,
together with panlobular mononuclear leukocyte
infiltration, cytoplasmic vacuolization, and severe
distortion of tissue architecture. These data demon
strate that inhibition of Sphk1 activity with DMS
improved the survival rate, attenuated liver enzyme
release, and reduced liver inflammation and necrosis
in ALF, suggesting that Sphk1 activation is critical for
the development of ALF in mice.
Although etiologies of ALF vary between Western
countries and the Eastern developing world, the
resulting clinical manifestation is remarkably similar.
This reflects common patterns of innate immune
responses to various pathogenic factors, such as
[16]
bacteria, toxins, cytokines, and free radicals . Among
many other factors, proinflammatory cytokines (e.g.,
TNF-α, IL-1b, and IL-6) may play a common role in the
pathophysiology of ALF. In the current study, inhibition
of Sphk1 decreased the levels of pro-inflammatory
cytokines TNF-α, IL-1β, and IL-6, indicating that
Sphk1 may positively participate in the innate immune
response to liver injury.
HMGB1 is a non-histone nuclear protein ubiquitously
expressed in eukaryotes that exerts distinct functions
at different subcellular localizations. Within the nucleus,
HMGB1 plays an important role in the regulation
[17]
of gene transcription . Upon release by phago
[18-21]
cytes and damaged/necrotic cells
, extracellular
HMGB1 functions as a DAMAP and contributes to the
[22,23]
pathogenesis of various inflammatory diseases
.
HMGB1 exerts its effects through a number of Toll-like
[21]
receptors (TLR2/4) , and this leads to the activation
of immune cells and the consequent release of multiple
[24]
pro-inflammatory cytokines . In animal models of
infection or local tissue injury, HMGB1 functions as
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a critical mediator of systemic or local inflammatory
[25]
injury . As a result, HMGB1 has been established as a
late mediator of lethal systemic inflammatory disease.
In the clinical setting, elevated serum HMGB1 levels
[18,26,27]
have been described in patients with sepsis
,
[28]
[29]
[30]
pneumonia , acute pancreatitis , and ALF .
Recent studies demonstrated that hepatocytes can
actively release HMGB1 after challenge with LPS, and
that HMGB1 cytoplasmic translocation was observed
in liver cells in the animal model of ALF induced by
[11]
D-GalN and LPS, as well as in patients with ALF . In
this study, liver specimens from normal mice revealed
nuclear localization of HMGB1 in most hepatocytes,
and HMGB1 cytoplasmic staining was easily observed
in liver tissue at 6 h after administration of D-GalN
and LPS. However, HMGB1 staining was found in
the cytoplasm of very few hepatocytes in DMStreated mice. This result shows that Sphk1 inhibitor
attenuated HMGB1 cytoplasmic translocation in liver
cells. HMGB1 is abundantly expressed in hepatocytes
and predominantly localized in the nucleus of quiescent
cells. Given the huge number of hepatocytes in the
liver, potential HMGB1 release by hepatocytes could
contribute to the pathogenesis of liver failure.
In summary, Sphk1 inhibition represents a potent
and safe strategy to ameliorate ALF. This approach may
attenuate liver enzyme release, reduce liver inflam
mation and necrosis, and decrease pro-inflammatory
cytokines levels, thus ultimately improving survival
in mice with D-GalN/LPS-induced ALF. Furthermore,
we demonstrated that inhibition of Sphk1 with DMS
attenuated HMGB1 cytoplasmic translocation in liver
cells. Further preclinical studies with chemical inhibitors
of Sphk1 may pave the way for the development of a
clinically-applicable therapeutic strategy against ALF and
create a potential new avenue for the treatment of this
devastating disorder.

Applications

The results suggest that inhibition of SphK1 may be a potential therapeutic
strategy for acute liver failure.

Terminology

Acute liver failure is an acute inflammatory process of the liver.
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Abstract
AIM: To investigate associations between the tumor
necrosis factor alpha (TNF-α) -1031 T>C, -863 C>A,
-857 C>T, -308 G>A, and -238 G>A polymorphisms
and HCC in Korea.
METHODS: hepatocellular carcinoma (HCC) cases
were diagnosed at CHA Bundang Medical Center from
June 1996 to August 2008. The association between
TNF-α polymorphisms and HCC was analyzed in 157
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HCC patients and 201 controls using a polymerase
chain reaction-restriction fragment length polymorphism
assay. We investigated five TNF-α polymorphisms,
which are TNF-α -1031 T>C, -863 C>A, -857 C>T, -308
G>A, and -238 G>A. The TNF-α genotype frequencies,
genotype combinations and haplotypes were analyzed
to disclose the association with HCC.
RESULTS: None of the TNF-α polymorphisms was
significantly associated with HCC. However, nine
genotype combinations had associations with increased
likelihood of HCC. Among them, TNF-α -1031/-857/-238
TT/CC/GA (AOR = 18.849, 95%CI: 2.203-161.246,
P = 0.007), TNF-α -1031/-308/-238 TT/GG/GA (AOR
= 26.956, 95%CI: 3.071-236.584, P = 0.003), and
TNF-α -1031/-238 TT/GA (AOR = 21.576, 95%CI:
2.581-180.394, P = 0.005) showed marked association
with HCC. There were five haplotypes of TNF-α
polymorphisms which were significantly associated
with HCC. They are TNF-α -1031/-863/-857/-308/-238
T-C-C-G-A (OR = 25.824, 95%CI: 1.491-447.223, P
= 0.0005), TNF-α -1031/-857/-308/-238 T-C-G-A
(OR = 12.059, 95%CI: 2.747-52.950, P < 0.0001),
TNF-α -1031/-857/-238 T-C-A (OR = 10.696, 95%CI:
2.428-47.110, P = 0.0001), TNF-α -1031/-308/-238
T-G-A (OR = 7.556, 95%CI: 2.173-26.280, P = 0.0002)
and TNF-α -1031/-238 T-A (OR = 10.865, 95%CI:
2.473-47.740, P = 0.0001). Moreover, HCC Okuda stage
Ⅲ cases with the TNF-α -1031 CC genotype had better
survival than those with the TT genotype (AOR = 5.795,
95%CI: 1.145-29.323).
CONCLUSION: Although no single TNF-α polymorphism
is associated with HCC in this study, some TNF-α
genotype combinations and haplotypes are associated
with HCC. In addition, HCC Okuda stage Ⅲ cases
with the TNF-α -1031 TT genotype may have a better
prognosis than those with the CC genotype.
Key words: Tumor necrosis factor-alpha; Polymorphism;
Single nucleotide; Carcinoma; Hepatocellular
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We genotyped five single nucleotide poly
morphisms [Tumor necrosis factor alpha (TNF-α)
-1031T>C, -863C>A, -857C>T, -308G>A, and -238G>A]
in hepatocellular carcinoma (HCC) patients and control
subjects. A number of genotype combinations and
some haplotypes had association with HCC. In addition,
HCC Okuda stage Ⅲ cases with the TNF-α -1031 TT
genotype had a better prognosis than those with the
CC genotype.
Shin SP, Kim NK, Kim JH, Lee JH, Kim JO, Cho SH, Park
H, Kim MN, Rim KS, Hwang SG. Association between
hepatocellular carcinoma and tumor necrosis factor alpha
polymorphisms in South Korea. World J Gastroenterol 2015;
21(46): 13064-13072 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Primary liver cancer is the fifth most common cancer
(fourth in men, sixth in women) in South Korea, and
the second most common cause of cancer-related
[1]
deaths . Hepatocellular carcinoma (HCC) is the most
common type of primary liver cancer. HCC carcino
genesis is a multistep, multifactorial process. However,
hepatitis B virus (HBV) and hepatitis C virus (HCV) are
the best-known risk factors for HCC. Approximately
70%-80% of HCCs are related to these persistent
[2-5]
viral infections
. Various inflammatory mediators
related to chronic inflammation are known as cofactors
[6]
in carcinogenesis . Among these, tumor necrosis
factor alpha (TNF-α) is the most important cytokine in
[7]
inflammation-associated tumoriogenesis .
TNF-α is a potent, pleiotropic, proinflammatory
cytokine. It is produced mainly by macrophages, but
also by a broad variety of other cell types, including
lymphoid cells, mast cells, endothelial cells, fibroblasts,
[8]
and neurons . The TNF-α gene lies in the class Ⅲ
region of the major histocompatibility complex (MHC)
[9]
and is located on human chromosome 6p21.3 . Some
single nucleotide polymorphisms (SNPs) in the TNF
promoter have been identified, and they are thought
[10]
to affect TNF-α production . Past research has shown
[11]
that the TNF-α -308 GG genotype
and TNF-α -857
[12]
T polymorphism
are associated with gastric cancer,
[13]
the TNF-α -308 G>A polymorphism
is associated
with vascular invasion of breast tumors, the TNF-α
[14]
-308 G/A polymorphism
is associated with lung
[15]
cancer, the TNF-α -308 G>A polymorphism
is
associated with prostate cancer, the TNF-α -308 G>A
[16]
polymorphism
is associated with oral squamous cell
[17]
carcinoma, the TNF-α -238 G>A polymorphism
is
associated with bone cancer, and the TNF-α -308 G>A
[18]
polymorphism
is associated with invasive cervical
cancer.
The results of past studies on the association
between TNF-α polymorphisms and HCC have had
conflicting results. A meta-analysis of 10 case-control
studies reported that the TNF-α -308 GG genotype
[19]
is associated with a modest decrease in HCC risk .
[20]
Similarly, a meta-analysis by Yang et al
reported
that the TNF-α -308 G>A polymorphism is associated
with increased HCC risk and that the TNF-α -238 G>A
polymorphism is not associated with HCC. However,
these meta-analyses did not investigate other TNF-α
[21]
polymorphisms. Wei et al performed a meta-analysis
of 17 relevant studies and found that the TNF-α
-308 G>A, -238 G>A, and -863 C>A polymorphisms
are associated with HCC among Asians, while the
TNF-α -857 C>T and -1031 T>C polymorphisms are
not related to HCC risk. This meta-analysis did not
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Table 1 Used primer and restriction enzyme at each polymorphism
Polymorphisms

Forward primer
2

-238 G>A
-308 G>A
-857 C>T
-863 C>A
-1031 T>C

5’-AGA AGA CCC CCC TCG GAA CC -3’
5’-AGG CAA TAG GTT TTG AGG GCC AT-3'
5′-AAG TCG AGT ATG GGG ACC CCC CGT TAA-3'
5'-GGC TCT GAG GAA TGG GTT
5’-AGC AAG AGC TGT GGG GAG AA-3'

1

Reverse primer

Restriction enzyme

5’-ATC TGG AGG AAG CGG TAG TG-3'
5’-TCC TCC CTG CTC CGA TTC CG-3'
5′-CCC CAG TGT GTG GCC ATA TCT TCT T-3'
5'-CTA CAT GGC CCT GTC TTC GTT ACG-3'
5’-CCT GTA ACC CAT TCC TCA GAG CC-3'

MspI
NcoI
AseI
MnlI
BbsI

1

All of the restriction enzymes were available from New England Biolabs (MA, United States) and we used the reaction conditions recommended by the
instructions; 2The underlined bases in the primer were mismatched with the wild-type sequence in order to introduce the restriction enzyme site.

enrolled. The control group consisted of 201 individuals
randomly selected from a health screening program
with age and gender matched to HCC patients.
Exclusion criteria included a history of other cancer
or other severe medical conditions. Individuals with
only hypertension and diabetes were not excluded.
The grade of hepatic impairment was classified by
Child-Pugh scores. HCC clinical stage was evaluated
on the basis of TNM classification and Okuda stage.
The present study was approved by the Institutional
Review Board of CHA Bundang Medical Center, and
written informed consent was obtained from all case
and control subjects in the study.

Table 2 Baseline characteristics of study sample n (%)
Variable
n
Age (yr, mean ± SD)
Sex (male, %)
Hypertension
Diabetes mellitus
BMI > 25 kg/m2
Smoking
Drinking
Tumor size
< 5 cm
≥ 5 cm
Portal vein thrombosis
No
Yes
Surgical resection
No
Yes
CTx/RTx
No
Yes
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Cases

Controls

P value1

157
56.00 ± 11.06
120 (76.4)
19 (12.1)
30 (19.1)
40 (25.5)
84 (53.5)
90 (57.3)

201
54.00 ± 11.22
148 (73.6)
50 (24.9)
26 (12.9)
51 (24.9)
78 (38.8)
93 (46.3)

0.061
0.871
0.012
0.195
1.000
0.106
0.274

68 (43.3)
89 (56.7)

-

-

92 (58.6)
65 (41.4)

-

-

145 (92.4)
12 (7.6)

-

-

27 (17.2)
130 (82.8)

-

-

34 (21.7)
37 (23.5)
51 (32.5)
35 (22.3)

-

-

46 (29.3)
68 (43.3)
43 (27.4)

-

-

83 (52.9)
36 (22.9)
38 (24.2)

-

-

DNA extraction and genotyping

Okuda stage
Ⅰ
Ⅱ
Ⅲ

CTP class
A
B
C
1

Derived from χ2 tests for categorical data and Mann-Whitney tests for
continuous data. BMI: Body mass index; CTx: Chemotherapy; RTx:
Radiotherpay; CTP: Chlid-Turcotte-Pugh.

investigate the association between TNF-α haplotypes
and HCC risk, however.
We investigated the association between the TNF-α
-1031 T>C, -863 C>A, -857 C>T, -308 G>A, and -238
G>A polymorphisms and HCC in Korea.

MATERIALS AND METHODS
Study population

A total of 157 HCC cases diagnosed at CHA Bundang
Medical Center from June 1996 to August 2008 were

WJG|www.wjgnet.com

Genomic DNA was extracted from leukocytes using
a G-DEX Ⅱ Genomic DNA Extraction Kit (iNtRON
Biotechnology, Seongnam, South Korea). The
TNF-α -238 G>A (rs361525), TNF-α -308 G>A
(rs1800629), TNF-α -857 C>T (rs1799724), TNF-α
-863 C>A (rs1800630), and TNF-α -1031 T>C
(rs1799964) polymorphisms were analyzed using a
polymerase chain reaction (PCR)-restriction fragment
length polymorphism (RFLP) assay. The -238 G>A
polymorphism was analyzed using the forward primer
5’-AGA AGA CCC CCC TCG GAA CC and the reverse
primer 5’-ATC TGG AGG AAG CGG TAG TG, and PCR
products were cut using the restriction enzyme MspI.
Genotyping of the -308 G>A polymorphism was
performed using the forward primer 5’-AGG CAA TAG
GTT TTG AGG GCC AT and reverse primer 5’-TCC TCC
CTG CTC CGA TTC CG, and PCR products were cut
using the restriction enzyme Nco. Genotyping of the
-857 C>T polymorphism was performed using the
forward primer 5′- AAG TCG AGT ATG GGG ACC CCC
CGT TAA and the reverse primer 5′- CCC CAG TGT
GTG GCC ATA TCT TCT T, and PCR products were cut
using the restriction enzyme MspA1 I. To genotype the
-863 C>A polymorphism, the forward primer 5’-GGC
TCT GAG GAA TGG GTT and the reverse primer 5’- CTA
CAT GGC CCT GTC TTC GTT ACG were used, and PCR
products were cut using the restriction enzyme TaiI. To
genotype the -1031 T>C polymorphism, the forward
primer 5’-AGC AAG AGC TGT GGG GAG AA and the
reverse primer 5’-CCT GTA ACC CAT TCC TCA GAG
CC were used, and PCR products were cut using the
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Table 3 Genotype frequencies and hepatocellular carcinoma adjusted odd ratios for the TNF-α -1031 T>C, -863 C>A, -857
C>T, -308 G>A, and -238 G>A polymorphisms in hepatocellular carcinoma cases and controls n (%)
Characteristics

Controls,

n = 201

TNF-α -1031 T>C, rs1799964
TT
TC
CC
Dominant (TT vs TC + CC)
Recessive (TT + TC vs CC)
HWE-P
TNF-α -863 C>A, rs1800630
CC
CA
AA
Dominant (CC vs CA + AA)
Recessive (CC + CA vs AA)
HWE-P
TNF-α -857 C>T, rs1799724
CC
CT
TT
Dominant (CC vs CT + TT)
Recessive (CC + CT vs TT)
HWE-P
TNF-α -308 G>A, rs1800629
GG
GA
AA
Dominant (GG vs GA + AA)
Recessive (GG + GA vs AA)
HWE-P
TNF-α -238 G>A, rs 361525
GG
GA
AA
Dominant (GG vs GA + AA)
Recessive (GG + GA vs AA)
HWE-P

HCC cases
Cases,
n = 157

121 (60.2)
70 (34.8)
10 (5.0)

99 (63.1)
47 (29.9)
11 (7.0)

0.976

0.112

129 (64.2)
62 (30.8)
10 (5.0)

98 (62.4)
53 (33.8)
6 (3.8)

0.477

0.723

142 (70.6)
53 (26.4)
6 (3.0)

116 (73.9)
35 (22.3)
6 (3.8)

0.698

0.120

181 (90.0)
18 (9.0)
2 (1.0)

133 (84.7)
23 (14.6)
1 (0.6)

0.057

0.996

180 (89.6)
20 (10.0)
1 (0.5)

130 (82.8)
26 (17.6)
1 (0.6)

0.587

0.807

1

HCC cases with HBV

AOR (95%CI)

P -value

FDRP -value

1.000 (reference)
0.796 (0.487-1.301)
1.308 (0.498-3.436)
0.860 (0.540-1.369)
1.393 (0.540-3.595)

0.362
0.586
0.524
0.493

0.586
0.586
0.586
0.586

Cases,
n = 125
73 (58.4)
42 (33.6)
10 (8.0)

1

AOR (95%CI)

P -value

1.000 (reference)
0.922 (0.550-1.544)
1.724 (0.628-4.729)
1.013 (0.622-1.650)
1.745 (0.649-4.693)

0.756
0.290
0.960
0.270

0.960
0.580
0.960
0.580

1.000 (reference)
1.284 (0.767-2.150)
0.825 (0.253-2.690)
1.226 (0.749-2.007)
0.760 (0.238-2.428)

0.341
0.750
0.418
0.643

0.750
0.750
0.750
0.750

1.000 (reference)
0.840 (0.477- 1.478)
1.110 (0.226- 5.438)
0.888 (0.516-1.531)
1.500 (0.312-7.203)

0.545
0.898
0.670
0.612

0.893
0.893
0.893
0.893

1.000 (reference)
1.779 (0.821-3.853)
N/A
1.610 (0.758-3.419)
N/A

0.144
0.995
0.215
0.995

0.430
0.995
0.430
0.995

1.000 (reference)
1.491 (0.713-3.117)
N/A
1.614 (0.780-3.340)
N/A

0.288
0.993
0.197
0.993

0.576
0.993
0.576
0.993

FDR-

P -value

0.268
1.000 (reference)
1.154 (0.709-1.878)
0.784 (0.255-2.414)
1.109 (0.695-1.768)
0.734 (0.243-2.222)

0.565
0.672
0.666
0.584

0.672
0.672
0.672
0.672

74 (59.2)
46 (36.8)
5 (4.0)

0.513
1.000 (reference)
0.841 (0.493-1.432)
1.816 (0.428-7.714)
0.930 (0.558-1.548)
2.091 (0.494-8.860)

0.523
0.419
0.780
0.317

0.697
0.697
0.78
0.697

92 (73.6)
29 (23.2)
4 (3.2)

0.371
1.000 (reference)
1.949 (0.940- 4.040)
0.936 (0.075-11.646)
1.841 (0.911-3.720)
0.861 (0.069-10.734)

0.073
0.959
0.089
0.908

0.178
0.959
0.178
0.959

108 (86.4)
17 (13.6)
0 (0.0)

0.415
1.000 (reference)
1.634 (0.821-3.251)
N/A
1.732 (0.876-3.424)
N/A

0.162
0.993
0.115
0.994

0.324
0.994
0.324
0.994

104 (83.2)
20 (16.0)
1 (0.8)

0.972

1

Adjusted for age, sex, hypertension, diabetes mellitus, drinking status, and smoking status. HCC: Hepatocellular carcinoma; AOR: adjusted odd ratios;
HBV: hepatitis B virus.

restriction enzyme BbsI. These primers and restriction
enzymes are shown at Table 1.
The five polymorphic regions were amplified using
the following PCR conditions: 95 ℃ for 5 min, 38 cycles
of denaturing at 95 ℃ for 30 s, annealing at 60 ℃ for
30 s, extension at 72 ℃ for 30 s, and a final extension
at 72 ℃ for 5 min. Digestion with the appropriate
restriction enzymes was performed at 37 ℃ for 16
h, as described by the manufacturer (New England
BioLabs, Beverly, MA, United States).

Statistical analysis
2

We used χ tests to analyze baseline categorical
variables and Mann-Whitney tests to analyze baseline
continuous variables. Associations between TNF-α
polymorphisms and HCC were estimated using
adjusted odds ratios (AORs) and 95%CIs obtained
from multiple logistic regression models adjusted
for age, sex, hypertension, diabetes mellitus, body
mass index, smoking status, and drinking status.

WJG|www.wjgnet.com

The informations about hypertension, diabetes,
smoking status and drinking status were obtained by
questionnaires.
Survival time was calculated from the date of
HCC diagnosis to the date of death or last followup. Survival analysis was performed using the
Kaplan-Meier method, the log-rank test, and the
Cox-proportional hazards regression model. The
statistical significance level of all tests was set at P
< 0.05. Analyses were performed using GraphPad
Prism 4.0 (GraphPad Software Inc., San Diego, CA,
United States) and Medcalc version 11.1.1.0 (Medcalc
Software, Mariakerke, Belgium).

RESULTS
Study sample

Baseline characteristics of HCC cases and controls are
shown in Table 2. The mean age of HCC cases was 56
years, and 120 were male (76.4%). HCC cases and
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genotypes associated with increased likelihood of
HCC, as shown in Table 4. Some combinations showed
marked association with HCC. The combinations
were TNF-α -1031/-857/-238 TT/CC/GA (AOR =
18.849, 95%CI: 2.203-161.246, P = 0.007) TNF-α
-1031/-308/-238 TT/GG/GA (AOR = 26.956, 95%CI:
3.071-236.584, P = 0.003) and TNF-α -1031/-238
TT/GA (AOR = 21.576, 95%CI: 2.581-180.394, P =
0.005).

Table 4 TNF-α genotype combinations in hepatocellular
1
carcinoma cases and controls n (%)
Genotype

HCC cases
n = 157

TNF-α -1031/-857/-238
TT/CC/GG
56 (35.7)
TT/CC/GA
11 (7.0)
TNF-α -1031/-308/-238
TT/GG/GG
68 (43.3)
TT/GG/GA
13 (8.3)
TT/GA/GG
17 (10.8)
TNF-α -863/-308/-238
CC/GG/GG
68 (43.3)
CC/GA/GG
16 (10.2)
CA/GG/GA
13 (8.3)
TNF-α -1031/-238
TT/GG
86 (54.8)
TT/GA
13 (8.3)
TNF-α -863/-238
CC/GG
85 (54.1)
CA/GA
13 (8.3)
TNF-α -308/-238
GG/GG
107 (68.2)
GA/GG
23 (14.6)
GA+AA/GG
24 (15.3)

2

Controls

AOR (95%CI)

P -value

81 (40.3)
2 (1.0)

1.000 (reference)
18.849 (2.203-161.246)

0.007

103 (51.2)
2 (1.0)
14 (7.0)

1.000 (reference)
26.956 (3.071-236.584)
2.712 (1.085-6.778)

0.003
0.033

99 (49.3)
13 (6.5)
5 (2.5)

1.000 (reference)
2.533 (1.007-6.371)
4.242 (1.243-14.473)

0.048
0.021

119 (59.2)
1.000 (reference)
2 (1.0) 21.576 (2.581-180.394)

0.005

114 (56.7)
5 (2.5)

1.000 (reference)
3.669 (1.098-12.253)

0.035

160 (79.6)
18 (9.0)
20 (10.0)

1.000 (reference)
2.283 (1.078-4.836)
2.150 (1.041-4.441)

0.031
0.039

n = 201

Haplotype frequencies of TNF-α polymorphisms

1

Only combinations significantly associated with HCC are presented in
the table; 2Adjusted for age, sex, hypertension, diabetes mellitus, drinking
status, and smoking status. HCC: Hepatocellular carcinoma.

controls were matched on age and sex (P = 0.069 and
0.570, respectively). Compared with controls, HCC
cases were less likely to have hypertension (P = 0.002).
However, no significant differences in obesity (BMI >
2
25 kg/m ) or in the prevalence of diabetes mellitus,
smoking, or drinking were identified between cases
and controls. HBV and HCV infections were identified in
125 (79.6%) and 16 (10.2%) HCC cases, respectively.
Of the HCC cases, 12 (7.6%) underwent surgical
resection. The Okuda stage distribution was as follows:
stage I, 46 (29.3%); stage Ⅱ, 68 (43.3%); and stage
Ⅲ, 43 (27.4%).

Genotype frequencies of the TNF-α -1031 T>C, -863
C>A, -857 C>T, -308 G>A, and -238 G>A polymorphisms

The genotype distributions of the TNF-α -1031 T>C,
-863 C>A, -857 C>T, -308 G>A, and -238 G>A
polymorphisms in HCC cases, HCC cases with HBV, and
controls are shown in Table 3. We found no significant
differences in the genotype frequencies of the TNF-α
-1031 T>C, -863 C>A, -857C>T, -308 G>A, or -238
G>A polymorphisms between cases and controls.
We also found no significant difference in genotype
frequencies of these polymorphisms between HCC
cases with HBV and controls.

Associations between combinations of TNF-α
polymorphisms and HCC

Next, we evaluated the combined effect of TNF-α
polymorphisms on HCC risk. Using multiple logistic
regression models, we found nine combined TNF-α
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We then calculated haplotype frequencies to attain
more comprehensive information about the association
between TNF-α and HCC. TNF-α -1031 T>C, -863
C>A, -857 C>T, -308 G>A, and -238 G>A haplotype
frequencies in HCC cases and controls are shown in
Table 5. The TNF-α -1031/-863/-857/-308/-238 T-CC-G-A haplotype was significantly associated with
HCC (OR = 25.824, 95%CI: 1.491-447.223, P =
0.0005). Other haplotypes significantly associated with
HCC included TNF-α -1031/-857/-308/-238 T-C-G-A
(OR = 12.059, 95%CI: 2.747-52.950, P < 0.0001),
TNF-α -1031/-857/-238 T-C-A (OR = 10.696, 95%CI:
2.428-47.110, P = 0.0001), TNF-α -1031/-308/-238
T-G-A (OR = 7.556, 95%CI: 2.173-26.280, P =
0.0002), and TNF-α -1031/-238 T-A (OR = 10.865,
95%CI: 2.473-47.740, P = 0.0001).

Cox regression analysis of HCC case survival

A stepwise Cox regression analysis of HCC-related
survival is shown in Table 6. Survival in HCC cases
was associated with sex, history of chemotherapy or
radiotherapy, portal vein thrombosis, and TNF-α -1031
polymorphism status.

TNF-α polymorphisms and HCC case survival stratified
by stage

TNF-α polymorphism-related survival was analyzed
in HCC cases stratified by TNM and Okuda stage.
Survival of cases with the TNF-α -1031 wild type
(TT) genotype or a single T>C polymorphism was
significantly better than those with the CC genotype
(regression coefficient = 1.772, HR = 5.881, 95%CI:
1.408-24.554, P = 0.016), as shown in Figure 1 and
Table 7. Other TNF-α polymorphisms did not affect
HCC case survival at any TNM or Okuda stage.

DISCUSSION
We performed this case-control study to investigate
the associations between the TNF-α -1031 T>C,
-863 C>A, -857 C>T, -308 G>A, and -238 G>A
polymorphisms and HCC. Furthermore, we analyzed
TNF-α polymorphism combinations and haplotypes.
In this study, the TNF-α -1031 T>C, -863 C>A, -857
C>T, -308 G>A, and -238 G>A polymorphisms were
not associated with HCC risk. This result is inconsistent
with the findings of previous meta-analyses. An
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Table 5 TNF-α -1031 T>C, -863 C>A, -857 C>T, -308 G>A, and -238 G>A haplotypes in hepatocellular carcinoma cases
1
and controls
Haplotype
TNF-α -1031/-863/-857/-308/-238
T-C-C-G-G
T-C-C-G-A
T-C-C-A-G
T-C-T-G-G
T-C-T-A-G
T-A-C-G-G
T-A-C-G-A
T-A-C-A-G
T-A-T-G-G
T-A-T-A-G
C-C-C-G-G
C-C-C-G-A
C-C-T-G-A
C-A-C-G-G
TNF-α -1031/-857/-308/-238
T-C-G-G
T-C-G-A
TNF-α -1031/-857/-238
T-C-G
T-C-A
TNF-α -1031/-308/-238
T-G-G
T-G-A
TNF-α -1031/-238
T-G
T-A

P -value

Overall

Control

Case

OR (95%CI)

0.5266
0.0119
0.0582
0.1334
0.0056
0.0171
0.0109
0.0010
0.0123
0.0009
0.0133
0.0414
0.0042
0.1631

0.5399
0.0000
0.0486
0.1435
0.0040
0.0210
0.0025
0.0000
0.0121
0.0022
0.0103
0.0498
0.0009
0.1638

0.5139
0.0289
0.0647
0.1232
0.0072
0.0000
0.0226
0.0066
0.0133
0.0000
0.0162
0.0318
0.0066
0.1646

1.000 (reference)
25.824 (1.491-447.223)
1.428 (0.749-2.723)
0.891 (0.564-1.407)
1.360 (0.190-9.764)
0.080 (0.005-1.396)
4.761 (0.976-23.230)
6.796 (0.324-142.621)
1.088 (0.288-4.118)
0.453 (0.018-11.201)
2.176 (0.699-6.778)
0.605 (0.257-1.425)
6.796 (0.324-142.600)
1.088 (0.717-1.652)

0.0005
0.320
0.645
1.000
0.023
0.043
0.181
1.000
1.000
0.254
0.306
0.181
0.749

0.5430
0.0235

0.5637
0.0060

0.5105
0.0531

1.000 (reference)
12.059 (2.747-52.950)

< 0.0001

0.6026
0.0231

0.6128
0.0060

0.5854
0.0517

1.000 (reference)
10.696 (2.428-47.110)

0.0001

0.6885
0.0238

0.7187
0.0063

0.6488
0.0518

1.000 (reference)
7.556 (2.173-26.280)

0.0002

0.7546
0.0233

0.7738
0.0062

0.7297
0.0505

1.000 (reference)
10.865 (2.473- 47.740)

0.0001

1

Only data for haplotypes significantly associated with hepatocellular carcinoma are presented in the table. Haplotypes with frequencies of less than zero
among cases or controls are not shown.

Table 6 Results of stepwise Cox regression analysis of
hepatocellular carcinoma survival
Covariate
Sex
Chemotherapy or
radiotherapy
Portal vein thrombosis
TNF-α -1031 TT vs CC

P value

β

SEM

HR (95%CI)

-1.318
-1.914

0.480
0.500

0.268 (0.105-0.682)
0.148 (0.056-0.391)

0.006
0.0001

1.334
1.772

0.478
0.733

3.795 (1.495-9.631)
5.881 (1.408-24.554)

0.005
0.016

insufficient number of HCC cases and controls in our
study could be the reason for this discordance; for
example, we were able to analyze only 18 TNF-α
-308 GA controls and 23 cases and 2 TNF-α -308 AA
controls and 1 HCC case.
Past studies have analyzed combined genotypes
or haplotypes to attain a more comprehensive
understanding of the association between various
[22,23]
polymorphisms and diseases
. In this study, we
found significant associations between some TNF-α
genotype combinations and HCC risk. All of the
statistically significant genotype combinations included
the GA genotype at TNF-α -238 or -308. The TNF-α
-863 CA genotype accompanied by the TNF-α -238
GA genotype was also associated with increased HCC
risk in some combinations. This result suggests that
the TNF-α -238 GA and -308 GA genotypes increase
HCC risk in specific genotype combinations. The TNF-α
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-863 CA genotype accompanied by the TNF-α -238
GA genotype was associated with increased HCC risk,
but the TNF-α -863 CA genotype was not associated
with increased HCC risk when accompanied by other
genotype combinations. This suggests that the TNF-α
-863 polymorphism increases the risk of HCC only in
the presence of the TNF-α -238 GA genotype.
Associations between TNF-α haplotypes and various
medical conditions, such as polycystic ovary syndrome
[24]
[25]
[26,27]
(PCOS) , bladder cancer , gastric carcinoma
,
[28]
[29]
peptic ulcer , and anemia
have been reported.
[30]
Chen et al
reported that the TNF-α -1031/-863/-8
57/-308/-238 T-C-C-G-A haplotype may account for
decreased susceptibility to HCC. However, we found
this haplotype was more common in HCC patients. All
haplotypes significantly associated with HCC contained
the TNF-α -238 A allele, suggesting it may play a role
in HCC development. The HCC odds ratio for TNF-α
haplotype -1031/-863/-857/-308/-238 T-A-C-G-G
was 0.080, while the OR for haplotype T-A-C-G-A, in
which the -238 allele changed from G to A, was 4.716.
This result supports the hypothesis that the -238 A
allele is associated with HCC risk, though the HCC
odds ratio for haplotype T-A-C-G-A was not statistically
significant.
To the best of our knowledge, no study has
reported an association between HCC prognosis and
TNF-α polymorphisms. TNF-α acts like a double-
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Table 7 TNF-α genotypes and survival in Okuda stage Ⅲ hepatocellular carcinoma cases
Genotype

Validation set

TNF-α -1031 T>C, rs1799964
TT
TC
CC
Dorminant model (TT vs TC + CC)
Recessive model (TT + TC vs CC)

Adjusted HR (95%CI)

Cases (n = 43)

Deaths (n = 41)

29 (67.4)
11 (25.6)
3 (7.0)

27 (65.9)
11 (26.8)
3 (7.3)

1.000 (reference)
1.314 (0.448-3.856)
5.795 (1.145-29.323)
1.805 (0.733-4.442)
3.761 (0.869-16.265)

1

P -value

0.621
0.035
0.201
0.078

1

Adjusted for age, sex, hypertension, diabetes mellitus, drinking status, smoking status, portal vein thrombosis, tumor size, surgical resection, and
chemotherapy or radiotherapy.

100

Okuda stage Ⅲ

Survival rate (%)

80

An important limitation of our study was the small
sample size, which prevents us from drawing
definitive conclusions. Therefore, our results should
be interpreted cautiously. However, to the best of
our knowledge, ours is the first study to analyze the
association between these five TNF-α polymorphisms,
as well as their combinations and haplotypes, and HCC
case status and prognosis. Our findings provide a more
comprehensive understanding of TNF-α polymorphisms
and HCC. Further studies with sufficient sample size
are needed to clarify the role of TNF-α polymorphisms
in HCC risk and prognosis.

TNF-a-1031T>C
TT
CC
Adjusted HR = 5.795
P = 0.035

60
40
20
0

0

5

10
15
Survival time (mo)

20

25

Figure 1 Survival curves for hepatocellular carcinoma Okuda stage Ⅲ
cases with the TNF-α-1031 (rs1799964) TT genotype (reference) and the
CC genotype.

edged sword via its two distinct receptors: TNF
[31,32]
receptor 1 (TNFR-1) and receptor 2 (TNFR-2)
.
The major difference between the two receptors is
the death domain in TNFR-1 absent in TNFR-2. On
the one hand, TNFR-1 plays an important role in
apoptotic cell death. On the other hand, TNF-α can
stimulate the growth, proliferation, and angiogenesis
[32]
of cancer cells by activating nuclear factor NF-κB .
[33]
Nakazaki et al
reported higher levels of TNF-α in
patients with recurrent HCC than in patients without
HCC recurrence or patients with metastatic liver
[34]
carcinoma or gastrointestinal carcinoma. Liu et al
have reported that TNF-α overexpression is related to
poor differentiation and microvascular invasion in HCC.
Our study raises the possibility that specific TNF-α
polymorphisms are related to HCC patient prognosis.
The TNF-α polymorphism associated with treatment
outcomes in our study (TNF-α -1031) may potentially
be used in the clinic as a surrogate biomarker of
prognosis.
In conclusion, although we found no direct
association between TNF-α polymorphisms and
HCC risk, some TNF-α genotype combinations and
haplotypes were associated with HCC. In addition,
HCC patients with the TNF-α -1031 TT genotype had
a better prognosis than those with the CC genotype.
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Abstract
AIM: To investigate whether 7-d triple therapies are
still valid in populations with low levels of resistance.
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METHODS: A total of 1106 Helicobacter pylori (H.
pylori )-positive patients were divided into three groups,

each of which received one type of 7-d triple therapy.
Therapeutic outcomes of the patients were assessed by
13
the C-urea breath test at 8 wk after treatment. The
susceptibility of H. pylori to antibiotics was determined
by an agar-dilution method. Data analysis was
2
performed by χ tests.
RESULTS: The eradication rates in groups A, B and
C were 90.71% (332/366), 90.46% (313/346) and
90.87% (189/208), respectively (p = 0.986). The
resistance rates were 8.91% for clarithromycin,
14.78% for levofloxacin and 0% for amoxicillin. The
eradication rate was significantly different between
clarithromycin- and levofloxacin-resistant patients (p
< 0.05) in group A. Patients whose treatment failed
in group A also had a higher clarithromycin resistance
rate than did successive patients (p = 0.034). However,
levofloxacin resistance had no obvious influence on the
eradication rate. Furthermore, three main antibiotics
(clarithromycin, levofloxacin and amoxicillin) had lower
DID (defined daily dose per 1000 inhabitants per day)
in this city.
CONCLUSION: Clarithromycin resistance is the
main reason for the failure of 7-d triple therapy. In
populations with low levels of resistance, a 7-d triple
therapy is a viable choice. The choice of therapy should
not be influenced by conditions in high antibiotic
resistance regions.
Key words: Helicobacter pylori ; Seven-day triple
therapy; Eradication rate; Clarithromycin resistance;
Levofloxacin resistance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A major cause of treatment failure for

Helicobacter pylori (H. pylori ) infections is the
increasing rate of antibiotic resistance. A total of 1106

H. pylori -positive patients were treated with one of

three types of 7-d triple therapies. The results of the
13
C-urea breath test during patient follow-up indicated
that the eradication rates were greater than 90%. The
susceptibility of all H. pylori strains to four antibiotics
was determined using an agar-dilution method. We
found that the eradication rate was significantly
different in antibiotic-resistant patients. In populations
with low levels of resistance, 7-d triple therapy is a
better choice.
Tong YF, Lv J, Ying LY, Xu F, Qin B, Chen MT, Meng F, Tu
MY, Yang NM, Li YM, Zhang JZ. Seven-day triple therapy is
a better choice for Helicobacter pylori eradication in regions
with low antibiotic resistance. World J Gastroenterol 2015;
21(46): 13073-13079 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i46/13073.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i46.13073
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INTRODUCTION
Since the discovery of Helicobacter pylori (H. pylori),
many studies have been carried out with the goal of
improving H. pylori eradication and therapies have
changed from single-antibiotic treatments to the
[1-6]
current multi-antibiotic treatments . However, the
[6]
eradication rate of H. pylori is still less than 80% .
The reasons for this low eradication rate are likely
to be multifactorial, including the reduced activity of
antimicrobial drugs with an acidic pH or poor patient
[2,7]
compliance
. The increasing rate of antibiotic
resistance of H. pylori has attracted a great deal of
[6-9]
attention, especially clarithromycin resistance
.
In most countries, clarithromycin resistance has
exceeded the minimum value (15%) of the Maastricht
IV consensus recommendation; for example, the rates
of clarithromycin resistance are 28% in Japan and
[10-12]
38.5% in South Korea
. In the southeast coastal
region of China, the rate of clarithromycin resistance
[13]
has reached 21.5% .
At present, triple therapy is commonly used as a
first-line treatment regimen for H. pylori eradication in
most countries. However, due to increased antibiotic
resistance and regional differences in antibiotic
resistance, the standard triple therapy has been
changed. To obtain a higher eradication rate, especially
in cities where antibiotic resistance is a serious
problem, the standard 7-d therapy has been extended
[14-16]
to 10 d, 14 d or even longer
. Furthermore, some
studies have suggested the use of an alternative
antibiotic regimen, such as the replacement of
clarithromycin with levofloxacin or tetracycline.
Unfortunately, the eradication rate has still been
[17,18]
unsatisfactory
. Recently, individualized therapy
has been recommended in some regions to solve
some difficult problems caused by H. pylori resistance
to antibiotics. However, in low-resistance groups and
in people who are sensitive to antibiotics, traditional
therapies, such as the 10-d or 14-d triple therapy,
[19]
are still applied as current treatment strategies .
Therefore, valid data are needed to guide clinical
practice when considering the problem of individualized
therapy and low resistance groups.
China is a developing country, and urbanization in
rural areas has increased with rapid economic growth.
Furthermore, the new cooperative medical scheme in
China has provided more urban-type medicine to rural
[20]
areas . Although there are significant differences in
available medications and antibiotic resistance between
rural and urban regions, urban treatment strategies are
generally applied in all regions. Recently, three types
of first-line 7-d triple therapies were tested for the
clinical treatment of H. pylori infections in Yongkang
City, Zhejiang Province, China, which typically has a
population with a low antibiotic resistance rate, and
a higher eradication rate was achieved. This study
provides a clinical reference for treatment strategies in
similar regions.
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negative result from the C-urea breath test was
defined as successful eradication of H. pylori.

MATERIALS AND METHODS
Patient selection

From March 2013 to December 2013, patients with
upper gastrointestinal symptoms at the First People’s
Hospital of Yongkang, Zhejiang Province, China were
enrolled in the study. During endoscopies, gastric
mucosa biopsy samples from the antrum were
collected to isolate H. pylori strains. Written informed
consent was obtained from all patients, and this study
was approved by the Ethics Committee of the National
Institute for Communicable Disease Control and
Prevention of the Chinese Center for Disease Control
and Prevention.

Identification of H. pylori-positive patients

All of the gastric mucosa biopsy samples collected
from patients, which were preserved in a brainheart infusion broth, were sent to a laboratory at the
Hangzhou Zhiyuan Medical Inspection Institute. The
isolation and identification of H. pylori strains were
[21]
performed as described previously . Briefly, a gastric
mucosa biopsy sample was grinded and inoculated
directly onto a Columbia Agar (Oxoid, Hampshire,
United Kingdom) plate containing 5% defibrinated
sheep blood. The plate was incubated under
microaerophilic conditions (5% O2 and 10% CO2)
for 3 d at 37 ℃. Translucent colonies were identified
by colony morphology after Gram staining. Spiral
Gram-negative strains that were positive for urease,
catalase and oxidase activity were identified as H.
pylori-positive samples. For this study, a total of 1106
consecutive H. pylori-positive patients were chosen.

Treatment design and analysis of therapeutic outcomes

Susceptibility of all 1106 H. pylori strains to four
antibiotics, i.e., clarithromycin, levofloxacin, amoxicillin
and metronidazole, was determined using an agar[25]
dilution method . The following breakpoints were
applied: clarithromycin ≥ 1, levofloxacin ≥ 2,
[25,26]
amoxicillin ≥ 2, and metronidazole ≥ 8 μg/mL
.
Briefly, 2 μL suspensions of H. pylori strains were
aseptically inoculated onto Mueller-Hinton agar
(Oxoid) plates containing 5% sheep blood and a single
antibiotic and then incubated in a microaerophilic
environment (5% O2, 10% CO2 and 85% N2) at 37 ℃
for 3 d. Antibiotic resistance was determined if H.
pylori growth was observed from a single inoculation
after culturing. The reference strain ATCC43504 was
used in the susceptibility test and all of the tests were
repeated.

Local antibiotic consumption

Data on clarithromycin, levofloxacin and amoxicillin
consumption in 2013 were investigated. Statistical
results were expressed as the defined daily dose (DDD)
[27]
per 1000 inhabitants per day (DID) .

Statistical analysis

Data analysis was performed by χ tests using the
SPSS software package (version 17.0; SPSS, Inc.,
Chicago, IL, United States). A p-value < 0.05 was
considered to be significant.
2

RESULTS

Study patients were divided into three groups
according to their visit dates. Patients seen on a
Monday or Thursday were assigned to group A,
patients seen on a Tuesday or Friday were assigned
to group B and patients seen on a Wednesday or
Saturday were assigned to group C. The selection
bias could not be completely eliminated, but met the
random sampling criteria for statistical analysis. We
made treatment plans for this study based on effective
treatment for H. pylori eradication described in the
[22,23]
literature
. All patients received 7-d triple therapy
(group A: omeprazole 20 mg b.i.d., clarithromycin
500 mg b.i.d., and amoxicillin 1 g b.i.d.; group B:
omeprazole 20 mg b.i.d., levofloxacin 400 mg b.i.d.,
and amoxicillin 1 g b.i.d.; group C: rabeprazole10 mg
b.i.d., levofloxacin 400 mg b.i.d., and amoxicillin 1 g
b.i.d.).
The outcomes of 7-d triple therapy were assessed
13
by C-urea breath tests. Eight weeks after treatment,
13
a C-urea breath test was performed on patients as
13
a follow-up; 100 mg C-urea was used, and analysis
was carried out with a modified isotope ratio mass
13
[24]
spectrometer to determine the CO2 content . A
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Antibiotic susceptibility test

Characteristics of patients

A total of 1106 H. pylori-positive patients were
enrolled in this study. Endoscopic diagnoses and other
demographic data are shown in Table 1; the maleto-female ratio was 1:0.93, and the mean age of the
patients was 53.28 ± 12.54 (range, 2-84 years). A
total of 920 patients visited their physicians again for a
follow-up, including 366 from group A, 346 from group
B, and 208 from group C. The rate of loss to followup in this study was 16.82% overall, and the rates for
groups A, B and C were 18.18% (85/451), 15.82%
(65/411), and 14.75% (36/244), respectively.

H. pylori eradication

13

According to the results of the C-urea breath tests
performed after 8 wk of treatment, the pre-protocol
(PP) analysis showed that H. pylori eradication was
successful for 90.65% (834 of 920) of the participants
in this study. The eradication rates in groups A, B and
C were 90.71% (332 of 366), 90.46% (313 of 346)
and 90.87% (189 of 208), respectively. There were no
significant differences in the H. pylori eradication rates
2
among the three groups (χ = 0.027, p = 0.986).
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Table 2 Antimicrobial susceptibility testing in Helicobacter

Table 1 Demographic data of patients in this study
Patients
(n = 1106)

Follow-up patients
(n = 920)

572
534

486
434

1
3
54
146
214
321
314
49
4

1
1
51
127
183
281
239
35
2

302
24
35
597
28
1
8
6
72
30
3

246
22
31
504
22
1
8
4
57
23
2

Gender
Male
Female
Age
≤ 10
11-20
21-30
31-40
41-50
51-60
61-70
71-80
81-90
Endoscopic diagnosis
Superficial gastritis
Atrophic gastritis
Reflux gastritis
Erosive gastritis
Gastric ulcer
Ulcer of gastric fundus
Ulcer of gastric antrum
Ulcer of gastric angle
Duodenal ulcer
Gastroduodenal ulcer
Other

pylori strains n (%)
Antibiotic

CLR
LVX
MTZ
MTZ + CLR
MTZ + LVX
CLR + LVX
MTZ + CLR +
LVX

A group
(n = 366)

B group
(n = 346)

C group
(n = 208)

82 (8.91)
136 (14.78)
881 (95.76)
79 (8.59)
131 (14.24)
39 (4.24)
37 (4.02)

29 (7.9)
54 (14.75)
354 (96.72)
28 (7.65)
52 (14.21)
9 (2.50)
9 (2.50)

30 (8.67)
50 (14.45)
330 (95.38)
29 (8.38)
49 (14.16)
13 (3.76)
12 (3.47)

23 (11.06)
32 (15.38)
197 (94.71)
22 (10.58)
30 (14.42)
17 (8.17)
16 (7.69)

Table 3 Eradication rates of groups A, B and C in antibiotics
resistant and susceptible patients n (%)

CLR resistance
CLR susceptibility
LVX resistance
LVX susceptibility

Group A

Group B

Group C

23 (79.31)
308 (91.39)
51 (94.44)
281 (90.01)

28 (93.33)
285 (90.19)
46 (92.00)
267 (90.20)

21 (91.30)
168 (90.81)
30 (93.75)
159 (90.34)

resistance rate (χ = 4.509, p = 0.034) than patients
with eradication success (6.95%, 308/331). These
findings suggest that clarithromycin resistance was
a key factor for eradication failure, and levofloxacin
resistance did not affect the higher eradication rate
in group A. In groups B and C, the levofloxacin resis
tance rates were 15.14% (76/502) in patients whose
eradication was a success and 11.54% (6/52) in
2
patients whose eradication failed (χ = 4.485, p =
0.486). However, in groups B and C, there were higher
eradication rates of H. pylori infection (p > 0.05), even
with clarithromycin or levofloxacin resistance.
2

To better explain the higher eradication rate of H. pylori
infections, four antibiotics including clarithromycin,
levofloxacin, amoxicillin and metronidazole were
chosen to perform susceptibility tests in patients
during the follow-up (Table 2). The susceptibility tests
showed that the resistance rates of H. pylori were
8.91% (82/920) for clarithromycin, 14.78% (136/920)
for levofloxacin, and 0% for amoxicillin. In contrast,
the rate of metronidazole resistance was maintained at
a constant high level (95.76%), but did not affect the
higher eradication rate in the Yongkang populations.
The clarithromycin resistance rates were 7.9%, 8.67%
2
and 11.06% in groups A, B and C, respectively (χ
= 1.645, p = 0.439). For levofloxacin, the resistance
rates were 14.75%, 14.45% and 15.38% in groups A,
2
B and C, respectively (χ = 0.090, p = 0.956).

As shown in Table 3, the eradication rates in clari
thromycin-susceptible, clarithromycin-resistant,
levofloxacin-susceptible and levofloxacin-resistant
patients were displayed in groups A, B and C separately.
In group A, the eradication rates in clarithromycinresistant and clarithromycin-susceptible patients
2
were significantly different (χ = 4.509, p = 0.036).
Levofloxacin resistant patients in group A showed a
significantly higher eradication rate than patients with
2
clarithromycin resistance (χ = 4.470, p = 0.034).
Furthermore, patients in group A whose eradication
failed (17.14%, 6/35) showed a higher clarithromycin

WJG|www.wjgnet.com

Total
(n = 920)

CLR: Clarithromycin; LVX: Levofloxacin; MTZ: Metronidazole; AMX:
Amoxicillin.

Antimicrobial susceptibility

Comparative analysis of eradication rate and antibiotics
resistance

Resistant isolates of each group in follow-up patients

Antibiotic consumption

Data from 2013 in the city of Yongkang showed that
outpatient use of antibiotics was 2.77 DID. Three
main antibiotics in this study had low DID values;
clarithromycin was the most commonly used (0.369
DID, 13.3% in 2013), amoxicillin was the least used
(0.124 DID, 4.48% in 2013) and levofloxacin had
a usage rate of 0.193 DID (6.97% in 2013). Lower
DID values in the city of Yongkang determined the
local prevalence of H. pylori resistance, which may
be related to the higher eradication rates of H. pylori
observed in this study.

DISCUSSION
With an increasing proportion of patients exhibiting
antibiotic resistance to H. pylori, especially clari
thromycin resistance, the efficacy of standard triple
therapy has decreased in the last decades and has
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[6]

fallen below 80% in several countries . Although
alternative first-line antibiotic treatments can achieve
higher H. pylori eradication rates, they are still
unsatisfactory because antibiotic use and resistance
[17,18]
are increasing
. In this study, H. pylori-positive
patients in Yongkang received three different types of
7-d triple therapies, and eradication rates greater than
90% were achieved, which was a grade B result (90%–
[28]
94% success rate) in H. pylori therapy .
A good cumulative eradication rate is associated
with low antibiotic resistance and better patient
[22]
compliance . In this study, antibiotic use was only
2.77 DID in Yongkang in 2013, and this low antibiotic
use affected the local antibiotic resistance pattern. The
rates of clarithromycin and levofloxacin resistance in
this region were lower than 15%-20% (Table 2) as
[28]
recommended by the Maastricht IV consensus . In
other words, Yongkang is a region with a low incidence
of antibiotic resistance, which is the main reason for a
local high rate of H. pylori eradication.
Study results from a region of low antibiotic
resistance in Yongkang showed that all three types
of triple therapy achieved a H. pylori eradication rate
greater than 90%. A similar trend was found in other
countries with a low incidence of resistance, but the
treatment efficacies had significant differences. For
example, in Germany, primary resistance was only
6.9% for clarithromycin, and patients suffering from
peptic ulcer disease had a higher eradication rate
than patients with normal mucosa (88.7% vs 70.1%,
[29]
P < 0.01) . In Hong Kong, the rates of resistance
to clarithromycin and levofloxacin were low, and the
eradication rate achieved by clarithromycin-based triple
therapy was higher than that achieved by levofloxacin[22,30]
based triple therapy (92.7% vs 85.3%, p = 0.043)
.
In this study, there were no significant differences in H.
pylori eradication rates between the treatment groups
(p = 0.986), and the eradication rates were also not
significantly different between gastritis (90.78%,
729/803) and ulcer disease (89.56%, 103/115) (p
> 0.05). Therefore, three different triple therapies in
Yongkang may permit a more comprehensive analysis
of H. pylori eradication compared with first-line
treatments in other regions.
Clarithromycin resistance to H. pylori is the main
[31]
reason for the failure of standard triple therapy .
In group A, compared with the higher eradication
rates observed in clarithromycin-susceptible patients
(91.39%) and levofloxacin-resistant patients
(94.44%), the eradication rate of clarithromycin
resistant patients was only 79.31% (P < 0.05) (Table
3). Furthermore, patients for whom eradication failed
had a significantly higher clarithromycin resistance rate
(17.14% vs 6.95%, p = 0.034). In this study, groups
B and C obtained eradication rates of over 90% in all
patients. Therefore, in a region with a low incidence
of antibiotic resistance, patients for whom eradication
failed with standard triple therapy could choose other
triple therapies based on antibiotic resistance patterns;
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for example, a levofloxacin-containing regimen could
be used as an alternative first-line treatment. In
contrast, levofloxacin resistance may not be a key
factor in the eradication of H. pylori in regions with a
low incidence of resistance, and medication compliance
may influence eradication rates.
Because H. pylori resistance rates have continued
to increase in recent decades, first-line treatments
for H. pylori have evolved from the standard triple
therapy to quadruple therapy or sequential therapy.
Furthermore, the conventional 7-d therapy has been
[14-16]
extended to 10 d, 14 d or even longer
. Indeed, to
some extent, a longer duration of treatment improved
the eradication rate, especially in regions with a high
incidence of antibiotic resistance, but they cause
[32]
more side effects and are a waste of resources .
Compared with the longer 10- or 14-d triple therapies,
approximately 5%-8% patients for whom eradication
failed with 7-d triple therapy received further tests
[14,32]
and treatments
. However, 7-d triple therapy has
greatly reduced the use of antibiotics and achieved
[28]
a grade B (90%) eradication result . From the
perspective of health economics, the 7-d triple therapy
is more suitable than longer triple therapies in regions
with a low incidence of antibiotic resistance. Therefore,
a 7-d triple therapy should be recommended in
regions with a low incidence of antibiotic resistance,
and individualized therapy should be considered.
Therefore, in regions such as China, where H. pylori
antibiotic resistance is significantly different between
different populations, it is very important to carry out
population-based antibiotic resistance detection and
monitoring before an H. pylori eradication scheme is
recommended.
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extended to regimens of 10 d, 14 d or even longer. Although this strategy has
improved the eradication rate of H. pylori to some extent, the longer treatment
causes more side effects and is a waste of resources, especially in regions
where there is a low incidence of antibiotic resistance. Therefore, there is a
need to investigate whether 7-d triple therapies are still valid in populations with
low levels of resistance.

Research frontiers

Since the discovery of H. pylori, its eradication rate has always been a concern.
However, the success rate of treatment fails to exceed 80% in some studies. In
this study, the authors performed three different types of 7-d therapies, and the
H. pylori eradication rate was over 90%, which provides a reference for similar
regions.

Innovations and breakthroughs

This study is the first one to investigate the relationship between the eradication
rate of H. pylori, 7-d therapies and local antibiotic consumption in populations
with low levels of resistance in China. This study demonstrated that 7-d triple
therapy is a viable choice in regions of low antibiotic resistance and that
clarithromycin resistance is the main reason for the failure of 7-d triple therapy.
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Applications
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Terminology

13

This study suggested that it is very important to carry out antibiotic resistance
detection and monitoring in populations before an H. pylori eradication scheme
is employed and showed that 7-d triple therapy is a better choice in populations
with low levels of resistance.

This study suggested that it is very important to carry out antibiotic resistance
detection and monitoring in populations before an H. pylori eradication scheme
is employed and showed that 7-d triple therapy is the best choice in populations
with low levels of resistance.
14

Peer-review

This study shows that eradication regimens should be based on the best locally
effective regimen, ideally using individual susceptibility testing, community
antibiotic susceptibility, or antibiotic consumption data and clinical outcome
data. The study results are not only interesting for the Zhejiang Province
of China but also for other areas with populations exhibiting low levels of
resistance.
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AIM: to describe the ages at diagnosis and operation
of biliary atresia (BA) and its incidence over a 15-year
period in Taiwan.
METHODS: This was a population-based cohort study.
BA cases were identified from the Taiwan National
Health Insurance Research Database based on the
International Classification of Diseases, Ninth Revision
(ICD-9) code of BA 751.61 plus Kasai operation
(ICD-9 procedure code 51.37) or liver transplantation
(LT, ICD-9 procedure code 50.5). The patients’
characteristics including sex, age at diagnosis, age
at receiving Kasai operation and age at receiving LT
were compared among three birth cohorts: (1) 1997 to
2001; (2) 2002 to 2006; and (3) 2007 to 2011.
RESULTS: There were a total of 540 BA cases (275
females) with an incidence of 1.62 per 10000 live
births. No seasonality of BA was noted. The mean ages
at diagnosis of three cohorts were 57.9, 55.6 and 52.6 d.
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A linear regression model demonstrated a decreasing
trend of the mean age at diagnosis (1.27 d per year).
The proportion of BA cases that received the Kasai
operation within 60 d of age increased from 76% to
81%. A total of 189 (35%) BA patients underwent LT.
The mean age at LT was reduced from 3-year-old to
1-year-old. The rates of LT were 25.6% and 32.3% in
patients who received the Kasai operation within 60 d
or after 60 d of age, respectively. All patients who did
not undergo a Kasai operation eventually required LT.
CONCLUSION: The ages at diagnosis and operation
in BA cases have decreased over time. Kasai operation
performed at younger age reduces the need for LT.
The incidence of BA in Taiwan fluctuates, but without
certain trend.
Key words: age; biliary atresia; Kasai operation; stool
color card; liver transplantation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Biliary atresia (BA) is an important liver
disease of children. The age of diagnosis and operation
for BA greatly affects its outcome. The incidence
of BA varies among different studies and long-term
trends are controversial. This study found the longterm incidence of BA in Taiwan has no increasing or
decreasing trend. The age at diagnosis and operation
of BA is continuously decreasing. The mean age at liver
transplantation was reduced from 3-year-old to 1-yearold during the 15-year study period.
Lin JS, Chen SCC, Lu CL, Lee HC, Yeung CY, Chan WT.
Reduction of the ages at diagnosis and operation of biliary atresia
in Taiwan: A 15-year population-based cohort study. World J
Gastroenterol 2015; 21(46): 13080-13086 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i46/13080.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i46.13080

INTRODUCTION
Biliary atresia (BA) is the leading cause of liverrelated deaths and the most frequent reason for
liver transplantation (LT) in children. Its outcome
highly relates to the timing of diagnosis and sur
[1-4]
gical treatment
. The Kasai operation (hepato
portoenterostomy) as the primary surgical treatment
for BA cases is recommended to be performed as
[1,2,5,6]
early as possible
, because increased age at the
time of surgery may result in a deleterious effect
[2,4,7]
on the outcomes of BA cases
. Usually, delayed
identification of pale stools and delayed visits to a
physician are the major causes of a delayed Kasai
operation.
In 2004, Taiwan began a national screening
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program using an infant stool color card (SCC) to early
[8,9]
detect BA case . This program has been approved
to be a very sensitive and specific screening method
[9,10]
for BA in infants
. It can enhance earlier referral,
which may lead to timely performance of the Kasai
operation and better postoperative outcome in infants
[10-12]
with BA
. One study found a significant decrease
in the age at diagnosis and Kasai operation of BA
cases following the implementation of this screening
[13]
program . However, this study just observed the
BA cases until 2008, four years after the screening
program. Whether the decreasing trend of the ages at
diagnosis and Kasai operation after 2008 is continued
is not clear.
In addition, we would like to update the incidences
of BA and check its trend in Taiwan over a longer
period from 1997 to 2011. The incidence of BA varies
worldwide and tends to be higher in Asian coun
[14]
tries than in Europe and North America . It ranges
[7,15,16]
0.51-0.73 per 10000 in western countries
,
[17,18]
1.04-1.10 per 10000 in Japan
and 1.46-1.85 per
[10,19,20]
10000 in Taiwan
. Two studies from Taiwan have
[19,20]
[19]
reported contradicting trends
. Tiao et al observed
an increase in the incidence of BA in Taiwan from 1996
[20]
to 2003, but Lin et al
found a decrease in the BA
incidence in Taiwan from 2004 to 2009. One possible
explanation for the different conclusions is the different
observation periods. Moreover, these observation
periods may be too short to make any definitive
conclusion regarding long-term trends. Therefore, the
objectives of this study are to describe the ages of BA
cases at their diagnosis and operation and to update
their incidences from 1997 until 2011.

MATERIALS AND METHODS
Ethical approval and data source

Taiwan’s National Health Insurance program is a
government-managed, compulsory health insurance
that covers more than 99% of the country’s total
population. The National Health Insurance Research
Database (NHIRD) is a research database that stores
the claims data of the National Health Insurance;
it comprises both inpatient and outpatient medical
records and may be released to scientists in Taiwan
for research purposes. The identification numbers of
beneficiaries and institutions in the NHIRD have been
scrambled prior to the release of data to protect the
confidentiality of individuals. The Institutional Review
Board of Ditmanson Medical Foundation Chia-Yi
Christian Hospital has approved this study and waived
the requirement for written informed consent from
the patients as this study is a secondary data analysis
(CYCH-IRB No. 102023).

Study subjects

We retrieved all inpatient records in the NHIRD from
1997 to 2011 to estimate the annual number of

13081

December 14, 2015|Volume 21|Issue 46|

Lin JS et al . Reducing ages at diagnosis and operation of BA
2.5

60

Case number of biliary atresia

Per 10000 live births

2.0

1.5

1.0

0.5

Poisson regression model for temporal trend, P = 0.714

11

10

Total

40
30
20
10

1

2

3

4

20

09

20

08

20

07

20

06

20

05

20

04

20

03

20

02

20

01

20

00

20

99

20

98

19

97

19

19

Male

50

0

0.0

Female

5

6

t /mo

7

8

9

10

11 12

Figure 1 Annual incidences of biliary atresia in Taiwan from 1997 to 2011.

Figure 2 Monthly distribution of biliary atresia cases by two sexes.

newly diagnosed BA. Following the criteria of previous
[13,19]
studies (also based on the NHIRD)
, BA cases were
identified if they had been given a diagnosis code of BA
[International Classification of Diseases, Ninth Revision
(ICD-9) diagnosis code 751.61] and had received a
Kasai operation (ICD-9 procedure code 51.37) or LT
(ICD-9 procedure code 50.5) during the study period.
The patients’ demographic and clinical characteristics,
including sex, date of birth, first date of admission at
which BA was suspected, records of LT, and age at
Kasai operation were recorded by longitudinal linkage
of the inpatient records in the NHIRD via an encrypted
personal identification number.

275 females) who received the Kasai operation or LT
from 1997 to 2011. The number of newly diagnosed
cases per year varied between 24 and 52, with a mean
caseload of 36 new BA patients per year. The annual
incidence of BA varied from 1.17 to 2.07 per 10000
live births, with an overall incidence of 1.62 per 10000
live births (Figure 1). A temporal trend of incidences
from 1997 to 2011 was not observed via the Poisson
regression model (Figure 1, p = 0.714).

Statistical analysis

The annual incidence rate was calculated by the
number of cases of newly diagnosed BA divided by
the number of newborns per year. The temporal trend
of incidences was examined by testing the regression
coefficient of the calendar year via Poisson regression.
The patients’ characteristics, including sex, age at first
admission for BA, age at receiving a Kasai operation
and age at receiving LT were compared among three
birth cohorts: (1) 1997 to 2001; (2) 2002 to 2006;
and (3) 2007 to 2011. A linear regression model was
performed to compare the calendar year with the age
at receiving a Kasai operation and the first date of
admission in which BA was suspected. The Cochranearmitage trend test was performed to examine the
temporal trend of the percentage of patients who
received a Kasai operation before 60 d of age and the
percentage of patients who received LT. Statistical
analyses in this study were performed using SAS
analytical software (version 9.3, SAS Institute Inc.,
Cary, NC, United States). A p value < 0.05 was
considered to be statistically significant.

RESULTS
Case numbers and incidences per year

There were a total of 540 BA cases (265 males and

WJG|www.wjgnet.com

Seasonal variation

As shown in Figure 2, female BA cases had higher
incidences in the months of May and June but male
cases were homogenously distributed in all months.
The months with the highest total number of BA
births were January, June and October. However,
there was no obvious seasonal distribution of the BA
cases (Figure 2).

Ages at diagnosis, Kasai operation and liver
transplantation

The mean age at the first admission for suspected BA
decreased from 57.9 d in the first cohort to 52.6 d in
the third cohort, with a significant trend (p = 0.035,
Table 1). The SD of the ages at the first diagnosis was
also gradually reduced (Table 1); this indicated less
variation in the ages at diagnosis. Similarly, the means
and SD of the ages of BA cases that underwent the
Kasai operation were also significantly reduced from
the first cohort to the third cohort (p < 0.05, Table
1). Meanwhile, the linear regression model for the
mean age at operation demonstrated a significantly
decreasing trend (Figure 3). Consequently, the average
proportion of BA cases less than 60 d of age that
received the Kasai operation increased from 76.6%
to 81.1% over the studied period (Table 1); however,
these changes were not statistically significant (p =
0.285 in Figure 3). In contrast, the mean age at LT
was reduced from nearly three years old to less than
one year old; the SD of the ages at LT was also greatly
reduced (Table 1).
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Table 1 Case number, incidence, age at diagnosis, Kasai
operation and liver transplant, proportion of Kasai operation
within 60 d of age and percentage of liver transplant in three
year-ranges n (%)
1997-2001 2002-2006 2007-2011 P value
Case number
208
Male
97 (46.6)
Incidence (per 10000
6.68
person-years)
Age at diagnosis (d), 57.9 ± 70.0
mean ± SD
Age at Kasai
58.2 ± 42.0
operation (d),
mean ± SD
Age at Liver
958 ± 859
transplant (d),
mean ± SD
Kasai operation
188 (90.4)
Kasai operation ≤
144 (76.6)
60 d 1
Liver transplant
68 (32.7)

200
101 (50.5)
8.31

132
67 (50.8)
6.73

0.421
0.6992

55.6 ± 55.4

52.6 ± 36.4

0.0353

50.5 ± 30.8

46.0 ± 23.8

0.0063

617 ± 638

353 ± 237

0.0063

174 (87.0)
154 (88.5)

122 (92.4)
99 (81.1)

0.702
0.285

82 (41.0)

39 (29.6)

0.7824

1

Percentage among those receiving Kasai operation; 2Trend test based
on Poisson regression model; 3Trend test based on general linear model;
4
Cochran-Armitage trend test. BA: biliary atresia.

Rate of liver transplantation

There were a total of 189 (35%) BA patients had
undergone LT during the study period. All BA patients
who did not receive the Kasai operation ultimately
needed LT (Table 2). The rates of LT were 25.6%
among those patients who received the Kasai
operation within 60 d of age and 32.3% among those
who received the operation over 60 d of age (p = 0.133,
Table 2).

DISCUSSION
This study was a 15-year population-based epide
miological analysis of BA. The overall incidence of
BA in Taiwan was 1.62 (range, 1.17 to 2.07) per
10000 live births; this incidence is higher than that
[7,15-18]
of western countries and Japan
. A systematic
review has suggested that ethnicity may play some
[21]
role in the occurrence of BA . As shown in Figure 1,
the incidence of BA increased from 1.17 per 10000 live
births in 1997 to the highest rate of 2.07 per 10000
live births in 2003; this incidence then declined to an
ultimate low of 1.28 per 10000 live births in 2008.
[19]
These observations explain why Tiao et al
reported
an increasing trend in the incidence of BA from 1996
[20]
to 2003, but Lin et al observed a decreasing trend
from 2004 to 2009. However, the incidence of BA
returned to 1.53 per 10000 live births in 2009, 1.78
per 10000 live births in 2010, and 1.44 per 10000 live
births in 2011. Thus, we may conclude that although
there have been fluctuations in the incidence of BA,
there is no significant trend in the long-term incidence
in Taiwan.
[20]
Lin et al
said the decrease of BA incidence
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in Taiwan during 2004-2009 may be related to
improvements of the general socioeconomic status
and the popularity of rotavirus vaccination. However,
as mentioned above, this present study found the
decrease of BA incidence was not continued after
2010, though the general socioeconomic status and
the coverage of rotavirus vaccination in Taiwan did not
decline at that time. Moreover, as the recommended
schedule for rotavirus vaccines is during the ages of 2
[22]
to 6 mo , it would be strange to expect the rotavirus
vaccine to prevent the occurrence of BA which is
usually diagnosed by the age of 2 mo. Therefore, we
think the previous assumption about the association
between rotavirus vaccination and BA incidence needs
to be further examined.
[13]
Tseng et al
found that the median age at first
admission for BA cases decreased from 47 d of age
before implementing the SCC program to 43 d of
age in the era of the SCC program. However, as
shown in Figure 3, we found the reducing trend of
the age at diagnosis has been started before 2004,
when the national SCC screening was begun. The
linear regression model demonstrated a decreasing
trend in the age at diagnosis (1.27 d per year)
(Figure 3). The age at diagnosis of the late cohort
was averagely advanced 2-3 d earlier than that of
the early cohort (Table 1). Therefore, this decrease in
ages at BA diagnosis and subsequent operation was
not entirely due to the SCC screening program alone.
Other factors such as medical resource availability
and better accessibility to surgical interventions may
also have contributed to these changes. Regardless,
we agree that SCC screening has the potential
benefit of increasing BA awareness in both parents
and physicians. Therefore, we would continue to
recommend the widespread use of SCC screening.
Notably, several countries have already implemented
[11,23,24]
SCC as their national screening program
.
As the observed decreasing trend in the age at
diagnosis of BA continues, more BA cases can be
treated in a timely manner. As shown in the Figure 3,
the proportions of Kasai operations within 60 d of age
increased from 60% in 1997 to 75% in 2011. One
study in France estimated that 5.7% of all LTs might
be avoided if all BA patients received a Kasai operation
[4]
before 46 d of age . Our data also found that the rate
of LT was much less in BA patients who received a
Kasai operation within 60 d of age than in those who
received the operation at over 60 d of age (Table 2).
We believe the need for LT can further be reduced if
the average age at Kasai operation is reduced to 50 or
even 45 d of age in the future.
One astonishing finding in this study is the decrease
in the age at LT. The age at LT decreased from almost
three years of age in the first cohort to one year of age
in the third cohort (Table 1). Historically, the efficacy
of LT and postoperative management of these patients
have been limited; the donor pool for LT was also
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y = 0.003548x + 0.6905
(Cochran-Armitage test for trend, P = 0.285)
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Figure 3 Decrease in the ages of biliary atresia cases and the respective proportions that received the Kasai operation within 60 d of age, from 1997 to
2011.

and has no overall increasing or decreasing trend. No
seasonality of BA was found in Taiwan.

Table 2 Percentages of liver transplant related to the age of
biliary atresia patients receiving Kasai operation
Kasai operation

Liver transplant

Total

ACKNOWLEDGMENTS

No (n ) Yes (n ) Transplant (%)
Without operation
With operation
Among those with operation
Operation age ≤ 60 d
Operation age > 60 d

0
351

56
133

100
27.5

56
484

259
92

89
44

25.6a
32.3a

348
136

a

P = 0.133, Operation age ≤ 60 d vs Operation age > 60 d.

[25]

limited . Therefore, the timing of LT was delayed.
Over time, however, LT has become much more
[26-28]
effective with an increase in satisfactory results
. In
addition, the use of living-related donors has become
more acceptable and there has been an overall
increase in the general population’s attitude toward
organ donation. Physicians therefore may perform an
LT at an earlier stage in patients with potential hepatic
failure before many complications occur. These factors
help decrease the age at LT.
The seasonality of BA occurrence was controversial
[14,15,17,29-32]
in the literature
. One review paper said
the BA cases occurred mainly during the months of
[14]
[32]
August to March . Nakamizo et al
observed that
the incidence of BA had a negative correlation with the
average temperature of each month and found a higher
incidence of BA during December to March in Japan.
However, other studies did not find the seasonality of
[15,17,29-31]
BA occurrence
. Our study did not show certain
seasonal distribution of BA occurrence in Taiwan either,
though May and June had more female cases (Figure
2).
In conclusion, The ages at diagnosis, Kasai
operation and LT in BA cases have decreased over
time. The need for LT in BA cases may be reduced
if patients receive the Kasai operation as early as
possible. The incidence of BA in Taiwan has fluctuated,
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This study was based in part on data from the National
Health Insurance Research Database provided by the
Bureau of National Health Insurance, Department
of Health and Welfare and managed by National
Health Research Institutes. The interpretations and
conclusions mentioned in this report do not represent
those of the Bureau of National Health Insurance,
Department of Health and Welfare or National Health
Research Institutes.
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Abstract
AIM: To investigate clinical outcomes of chronic
hepatitis B (CHB) and liver cirrhosis (LC) patients under
whole-course management with lamivudine (LAM).
METHODS: This was a retrospective-prospective
cohort study based on two nonrandom cohorts of
Chinese patients (LAM group and history control
group). Two hundred thirty-eight patients with LAM
treatment for at least 12 mo under whole-course
management were included in the LAM group. The
management measures included regular follow-up and
timely adjustment of the therapeutic regimen according
to drug-resistance and relapse. Two hundred thirtyeight patients with CHB or LC without any antiviral
treatment and with follow-up over 12 mo were included
in the history control group. The LAM and control group
patients were 1:1 matched by propensity score method
to ensure both patients were similar in general datum,
sex, age, E antigen, and diagnosis. The incidence rates
of endpoint events [LC, hepatocellular carcinoma (HCC),
and death] were compared between the LAM and
control groups.
RESULTS: Hepatitis B virus-DNA < 1000 copies per
mL rate and rate of alanine transaminase < 1.3 of the
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upper normal limit in LAM and control groups were
89.1% vs 18.5% (P < 0.05) and 89.8% vs 31.1%
(P < 0.05), respectively. Viral breakthrough occurred
in 77 patients (32.4%); the one-, three-, and fiveyear cumulative rates were 6.8%, 33.1%, and 41.3%,
respectively. In total, 44.5% (106/238) of patients had
once stopped LAM, and 63 (59.4%) of them developed
virologic relapse; the relapse rate of patients with
and without reaching Asian Pacific Association for
the Study of the Liver endpoint criteria were 52.4%
and 69.8%, respectively. Six CHB patients in the LAM
group developed LC compared to 47 patients in the
control group; the three-, and five-year cumulative
rates of CHB at baseline of LAM were lower than those
of the control group: 0.7% vs 12.0% and 1.8% vs
23.8% (P < 0.01), respectively. The incidence of HCC
in CHB at baseline of LAM was lower than that of the
control group; the three-, and five-year cumulative
rates were 0% vs 3.2% and 1.1% vs 3.2% (P = 0.05),
respectively. The incidence of HCC in LC at baseline of
LAM was lower than that of the control group: 9.8%
(5/51) vs 25.0% (12/48), and the three-, and five-year
cumulative rates were 4.5% vs 20.7% and 8.1% vs
37.5% (P < 0.01), respectively. The mortality rate in
the LAM group was lower than the control group.

Key words: Hepatitis B virus; Lamivudine; Management;
Liver cirrhosis; Outcome; Therapy

public health problem. There are approximately two
billion HBV infections worldwide, of which 3.5-400
million are chronic infections. Nearly one million people
die from liver failure each year caused by HBV infection,
[1]
liver cirrhosis (LC), or hepatocellular carcinoma (HCC) .
It has been demonstrated that amelioration of liver
necroinflammation or cirrhosis can be achieved with
[2-5]
antiviral therapy and inhibition of viral replication .
Thus, antiviral therapy is fundamentally important in the
treatment of chronic hepatitis B (CHB)/LC patients. Two
categories of therapeutic agents are currently available
for the treatment of CHB: (1) immunomodulatory
agents; and (2) oral nucleoside analogues (NAs). Due to
its safety, convenience, variety, and fewer side effects,
oral NAs are more widely applied than interferon. As
one of the representatives of NAs, lamivudine (LAM) is
widely used in China, especially in the less-developed
areas, because of its low price.
LAM (approved in 1998) has been in application
for more than ten years. Research reports suggested
that LAM has a high potency in delaying disease
progression when used in treatment of CHB/LC
patients. However, a variety of situations are possible
during clinical practice, including initial treatment, retreatment, drug resistance, treatment stoppage, and
relapse. How and whether these conditions affect the
incidence of end-point events are not known. The
current study evaluated the efficacy of long-term LAM
treatment under the whole-course management in
ALT improvement, virologic response, relapse after
stopping treatment, and disease progression in CHB/
LC patients.

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

MATERIALS AND METHODS

CONCLUSION: Standardized long-term LAM treatment
in combination with comprehensive management can
reduce the incidence rates of LC and HCC as well as
hepatitis B virus-related deaths.

Core tip: Drug resistance and disease relapse are
inevitable during long-term lamivudine treatment
in some patients. However, as long as standardized
procedures in combination with comprehensive
management are used, viral replication can be inhibited
to a large extent. Thus, liver function in patients can
be maintained at a stable status for a long time, and
the incidence rates of liver cirrhosis and hepatocellular
carcinoma, as well as hepatitis B virus-related deaths,
may be reduced.
Su MH, Lu AL, Li SH, Zhong SH, Wang BJ, Wu XL, Mo YY,
Liang P, Liu ZH, Xie R, He LX, Fu WD, Jiang JN. Long-term
lamivudine for chronic hepatitis B and cirrhosis: A real-life
cohort study. World J Gastroenterol 2015; 21(46): 13087-13094
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i46/13087.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i46.13087

INTRODUCTION
Hepatitis B virus (HBV) infection is a serious global
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Source population

All patients in this study were come from the Depart
ment of Infectious Diseases at the First Affiliated
Hospital of Guangxi Medical University. The LAM
treatment group included patients treated between
February 2002 and April 2014. The history control
group was comprised of CHB/LC patients from the same
department that had been screened as outpatients and
inpatients since 1990.
Inclusion criteria: (1) CHB/LC patients; (2)
diagnosis met the “Viral Hepatitis Prevention and
Control Program” documented in Xi’an meeting in
[6]
2000 and the Viral Hepatitis Management Guidelines
of China in 2005; (3) hepatitis B surface antigen
(HBsAg)-positive, abnormal alanine transaminase/
aspartate transaminase (ALT/AST), detectable HBVDNA, or hepatitis B e antigen (HBeAg)-positive and
has been followed up at least 1 year; and (4) with LAM
initial treatment at least 1 year in the LAM treatment
group or without any antiviral treatment for the control
group.
Exclusion criteria: co-infection with hepatitis C
virus, hepatitis D virus, or human immunodeficiency
virus; previous use of any immune inhibitors or oral
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antiviral agents, or HCC.

Whole-course management

Patient profiles: By application of computer software,
we established an electronic follow-up platform. The
platform is used for storage of the general information,
consultation, and experimental data. It also can be
used for analysis when needed.
Planning and scheduling: Compliance with therapy
was questioned. A clear plan for subjects according to
their daily living habit was established. The chronicity
and importance of nucleoside drug treatments, the
possibility of adverse drug reactions, and precautions
with detailed solutions were explained in detail at the
beginning of the research.
Follow-up: All of the patients were followed-up
periodically by clinic re-examination, letters, or
telephone calls. The follow-up content included: (1)
patient compliance; (2) symptoms outcome; (3)
adverse reactions; (4) evaluation of the curative effect,
combining previous experimental results and dosage
schedule; (5) formulation of a further treatment plan;
and (6) made an appointment for the next review.

Surveillance indicators

The following data were collected: (1) HBV-DNA, HBV
serologic makers, and liver function were investigated
every month and 3 mo before and after the
virologic response; (2) adverse effect: blood routine
examination, renal function and creatine kinase; and
(3) tumor monitor: liver ultrasound was conducted
every 6 mo, alpha fetal protein was examined every 3
mo in HCC high-risk patients, and CT or MRI scans in
patients with suspicious nodules.

Cooperation mechanism

A consultation and referral treatment system was
established by cooperating with the radiology,
ultrasonic, pathology, and liver surgery departments,
and a clinical laboratory was established for early
detection, diagnosis, and treatment of disease during
the study.

Treatment strategy

Rescue therapy (including switching to or adding other
NAs) was initiated immediately when LAM resistance
was detected.
NA antiviral treatment was initiated immediately in
relapse: (1) patients with LC or have aggravating trend
(with total bilirubin > 3 times or with liver failure); and
(2) patients with tolerable general condition (without
LC or liver failure trend), but HBV DNA levels failed to
3
become negative (defined as < 1.0 × 10 copies/mL).

Curative effect observation

The starting point was defined as when the cohort was
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established. Outcome events included LC occurrence
in CHB patients, HCC occurrence in CHB patients with
LC, and HBV-related death occurrence in CHB/LC
patients. The primary endpoints were: (1) outcome
event occurred; and (2) observed to the last follow-up
without occurrence of outcome events.

Ethical approval

The study was conducted according to the ethical
guidelines of the 1975 Declaration of Helsinki and
approved by the Human Ethics Committee of Guangxi
Medical University. Informed consent was obtained in
writing from each patient.

Statistical analysis

SPSS 18.0 software (SPSS Inc., Chicago, IL, United
States) was used for all statistical analysis. Life-table
method and multivariate Cox proportional hazards
model (PHM) regression analyses were used to identify
the variables/factors determining the clinical endpoint
events. Categorical variables were defined as the
2
proportion (%) and were compared by χ or Fisher’s
exact tests. Continuous variables were defined as the
mean ± SD or median (range) and tested with the
Student’s t or Mann-Whitney U tests, as appropriate. A
P < 0.05 was considered to be statistically significant.

RESULTS
All of the patients in this research were from the
Department of Infectious Diseases, the First Affiliated
Hospital of Guangxi Medical University. From the initial
baseline cohort of 1404 patients established between
February 2002 and April 2014, 238 patients met the
final inclusion criteria and were included in the LAM
group. The history control group was comprised of
238 patients, using 1:1 matching, who were recruited
from the clinic, were hospitalized at some point since
1990, and were HBsAg-positive, had abnormal ALT/
AST, detectable HBV-DNA or were HBeAg-positive, and
have been followed-up at least 1 year.

Baseline characteristics

The propensity score method was conducted for
matching the history control group; matching factors
included: sex, age, baseline HBeAg, and diagnosis.
The data distribution scatter diagram was drawn up
before and after matching, and showed balanced
after matching (P = 0.83) (Figure 1). The baseline
characteristics are shown in Table 1.

Viral load and liver function

Of 238 cases in the LAM group, most (212 patients,
89.1%) achieved undetectable HBV DNA in the last
interview within the follow-up period, and 213 patients
(89.8%) demonstrated ALT improvement (ALT < 1.3
lower limit of normal). In the history control group, 44
patients (18.5%) achieved undetectable HBV DNA,
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Group 1: Met therapy endpoint of APASL (n = 63)
Group 2: Without reaching endpoint criteria of APASL
(n = 43)

1.0

Cumulative rate of relapse

Propensity

Gender

Age

Diagnose

0.8
68.3%
0.6

59.5%
52.5%

0.4

74.6%

71.2%
52.5%

74.6%
58.9%

52.5%

39%

0.2

0.0
0

6

62
42

34
15

HBeAg
Group 1
Group 2

Before matching

12 18
24
30
36
42 48
54
Follow-up months after stopped treatment
24
11

23
11

21
10

18
7

17
  5

14
  4

9
4

5
4

60
2
2

After matching
-0.3 -0.2 -0.1

0.0

0.1

0.2

Figure 2 Comparison of recurrence rates between patients who stopped
treatment with and without reaching endpoint criteria of the Asian Pacific
Association for the Study of the Liver. APASL: Asian Pacific Association for
the Study of the Liver.

0.3

SD before matching
8

relapse. The relapse rates of patients with and without
reaching Asian Pacific Association for the Study of the
Liver (APASL) endpoint criteria were 52.4% (33/63)
and 69.8% (30/43), respectively.
The distribution of cumulative relapse rates after
stopping LAM with and without reaching the criteria in
month 3, month 6, year 1, year 2, year 3, and year
5 were 24.2% vs 35.3%, 39.0% vs 59.5%, 52.5%
vs 68.3%, 52.5% vs 71.2%, 52.5% vs 74.6%, and
58.9% vs 74.6%, respectively (Figure 2).

Density

6
4
2
0
-0.5

0.0

0.5

SD
SD after matching

CHB/LC study endpoints

10

Density

8
6
4
2
0
-0.5

0.0

0.5

SD

Figure 1 Comparison before and after matching in treatment and control
groups.

and 74 patients (31.1%) showed ALT improvement.

Viral breakthrough and virologic relapse

Outcome events: Cox PHM analysis

In the LAM group, viral breakthrough occurred in 77
patients (32.4%); the one-, three-, and five-year
cumulative rates were 6.8%, 33.1%, and 41.3%,
respectively, and the annual rate was 10.5%. There
were 106/238 (44.5%) patients that had once stopped
LAM, and 63 (59.4%) of these developed virologic
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In the LAM group, among the 78.6% (187/238) of
CHB patients at baseline, 3.2% (6/187) progressed to
LC and 1.1% (2/187) progressed to HCC. Whereas in
the history control group, 25.0% (47/190) progressed
to LC (P = 0.01) and 3.7% (7/190) progressed to
HCC (P = 0.05). Of the 51 (21.4%) LC patients in
LAM group and 48 (20.2%) in the history control
group at baseline, 5 (9.8%) and 12 (25%) patients,
respectively, progressed to HCC (P = 0.09) and the
three-, and five-year cumulative rates were 4.5% vs
20.7% and 8.1% vs 37.5% (P < 0.01), respectively.
Furthermore, there was 1 (2.0%) patient who died in
the LAM group compared to 3 (6.3%) in the history
control group (P = 0.01). The disease progressions are
listed by life table in Figures 3-5.

The Cox PHM was used for multivariate analyses, in
which sex, age, stoppage of treatment, family history
of hepatitis B, baseline HBeAg, resistance, HBV-DNA,
baseline ALT, and baseline diagnosis were evaluated
for the prediction of CHB progression in the LAM
group. Receiver operating characteristic (ROC) curves
were constructed and the area under the ROC curves
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Table 1 Baseline characteristics
Characteristic

LAM group

Age (mean ± SD)
Sex, n (%)
Base HBeAg-positive, n (%)
Base ALT (U/mL)
Base HBV-DNA (copy/mL)
Follow-up time (yr)

No.

CHB

(n = 238)
35.9 ± 11.7
197 (74.3)
153 (57.7)
150
5.85E+7
5.1 (1.0-13.2)

History control group
LC

No.

CHB

LC

(n = 187)

(n = 51)

(n = 238)

(n = 190)

(n = 48)

33.3 ± 10.3
149 (70.6)
134 (63.5)
157
7.3E+7
5.0 (1.0-13.2)

45.5 ± 11.6
48 (88.9)
19 (35.2)
124
5.4E+6
5.2 (1.1-11.6)

34.7 ± 11.5
197 (74.3)
157 (59.2)
212
3.6E+7
3.8 (1.0-17.6)

32.3 ± 9.9
153 (72.2)
139 (65.6)
221
2.1E+7
3.9 (1.0-17.6)

44.4 ± 12.0
44 (83)
18 (34)
173
8.4E+7
3.1 (1.0-15.0)

LAM: Lamivudine; CHB: Chronic hepatitis B; LC: Liver cirrhosis.

CHB patients

Cumulative rate of cirrhosis

0.5

0.4

P < 0.001

Control group

0.3
23.8%

0.2
12.0%
0.1

LAM group
0.7%

0.0
0
NO. at risk
LAM Group
Control Group

12

187 174
188 158

24

1.8%

36 48
60
72
Follow-up months

146 116 92
106 74 56

74
42

61
33

84

96

44
28

25
23

Figure 3 Incidence of liver cirrhosis in patients with chronic hepatitis B.
LAM: Lamivudine; CHB: Chronic hepatitis B.

was also computed. A probability level (P) of 0.05 was
chosen for statistical significance.
It was observed that baseline age (RR = 1.115,
95%CI: 1.04-1.196, P < 0.01) and LC (RR = 8.86,
95%CI: 1.17-45.69, P < 0.01) were the independent
risk factors of CHB in progression to HCC. LC showed
the highest area under the ROC value (8.86, 95%CI:
1.17-45.69, P < 0.01), followed by baseline age (1.12,
95%CI: 1.04-1.20, P < 0.01) (Table 2).

DISCUSSION
It is reported that amelioration of liver necroin
flammation or cirrhosis could be achieved with antiviral
[7,8]
therapy by inhibition of viral replication . Therefore,
antiviral therapy is fundamentally important in the
treatment of CHB/LC patients.
The current study aimed to (1) evaluate the efficacy
of long-term LAM treatment under the whole-course
management in CHB/LC progression; and (2) analyze
the related risk factors. The long-term use of LAM
treatment resulted in resistance. The resistance rates
of CHB patients underwent LAM treatment at one, two,
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three, four, and five years was 14.7% (4.8%-23.5%),
37.8% (14.3%-65.9%), 49.8% (30.2%-70.5%),
62.0% (52.0%-67.0%), and 70.8%, respectively.
Previous reports indicated that the resistance rate rose
[9-12]
with the LAM treatment extending
.
In our study, there were 77 (32.4%) patients who
developed virologic breakthrough (the annual rate was
10.5%), and the cumulative rates in year 1, year 3 and
year 5, were 6.8%, 33.1%, and 41.3%, respectively.
The virologic breakthrough rate in our study was
consistent with the current rate in China. Stoppage of
treatment was inevitable during the long-term antiviral
therapy for several reasons, including stoppage for
reaching the criteria, economic burden, or pregnancy.
However, virologic relapse happened more often with
[13]
LAM treatment. Luo et al
observed 26 patients with
average 20-mo LAM treatment, and found a relapse
[14]
rate of 80.77% (21/26). Wang et al
observed 82
HBeAg-positive patients with 24-mo LAM treatment on
average, an reported relapse rates in year 1, year 2,
year 3, and year 4 of 23.4%, 25%, 25%, and 29.4%,
respectively. In our study, 44.5% patients (106/238)
had once stopped LAM treatment, and 63 (59.4%) of
them developed virologic relapse; the relapse rate of
patients with and without reaching APASL endpoint
criteria were 52.4% and 69.8%, respectively. Overall,
more than half of the CHB patients experienced
relapse after stopping treatment. Furthermore, the
relapse rate in stop-treatment patients who failed to
reach the APASL endpoint criteria was much higher
than those reaching APASL endpoint criteria. These
results indicate that relapse in CHB/LC patients may
be associated with the antiviral therapy duration.
CHB may cause serious events such as LC, liver
failure, and HCC without effective control. A number of
studies have found that the incidence rate of LC varies
from 0.9% to 16.0%, while the HCC incidence rate
[15-23]
ranges from 0.3% to 7.2%
.
HBV DNA ≥ 2000 IU/mL is an independent HCC
[24]
risk factor . Long-term LAM treatment can reverse
LC and eventually delay CHB/LC progression. A
randomized controlled trial indicated that liver fibrosis
and liver dysfunction effectively slow down with long[25]
[26]
term LAM treatment . Matsumoto et al
also
suggested that long-term LAM treatment effectively
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0.5
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Cumulative rate of HCC
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0
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0.2

LAM group
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Figure 4 Comparison of incidence of hepatocellular carcinoma in patients with chronic hepatitis B (A) and liver cirrhosis (B) between the lamivudine and
control group. CHB: Chronic hepatitis B; LAM: Lamivudine.
All patients

Cumulative rate of all-cause mortality

0.5

0.4

Table 2 Risk factors of liver cancer
Factor

P = 0.011
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0.1

0.0

NO. at risk
LAM Group
Control Group

1.3%

1.3%

0.0%

0.0%
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Figure 5 Comparison of death rates between the lamivudine and control
group. LAM: Lamivudine.

reduces the incidence of HCC in patients with CHB.
The HCC incidence in LC was 3%-6%, significantly
[27]
higher than non-LC CHB patients . A prospective
study followed up CHB/LC patients for 4.5 years; HCC
incidence at years 1, 3, 5, 7, and 10 were significantly
higher in patients with cirrhosis (8.1%, 17.5%, 43.2%,
46.7%, and 53.4%, respectively) than CHB (1.6%,
3.5%, 3.5%, 7.1%, and 29.6%, respectively), with
[28]
no difference between ETV and LAM . Kurokawa et
[29]
al
followed up 293 HBV patients for an average of
67.6 mo and found that the cumulative carcinogenesis
rate at years 3, 5, and 7 were 2%, 3%, and 5% in
patients with CHB and 15%, 30%, and 35% in LC,
[30]
respectively . Long-term LAM treatment can achieve
HBsAg clearance in HBeAg-negative CHB patients.
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Assignment

Sex
Male
Female
Age
Stop treatment
Stop
Never stop
Family history
No
Unknown
Yes
Baseline HBeAg
HBeAg-negative
HBeAg-positive
Viral breakthrough
Yes
No
Baseline DNA level (copy/mL)
< 104
104-99999
105-999999
6
≥ 10
Baseline ALT
Diagnose
LC
CHB

1
0
Age
1
0
0
1
2
1
0
1
0
0
1
2
3
ALT (IU/mL)
1
0

ALT: Alanine transaminase; CHB: Chronic hepatitis B; LC: Liver cirrhosis;
HBeAg: Hepatitis B e antigen.

In our study, there were 187 CHB patients receiving
LAM treatment under the whole-course management,
with five years follow-up on average. Of these, six
patients progressed to LC; the cumulative rates in
years 3, 5 and 10 were 0.7%, 1.8%, and 9.8%, respec
tively. Meanwhile, two patients developed HCC, and
the cumulative rates in years 3, 5, and 10 were 0%,
1.1%, and 2.5%, respectively. The average annual
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rates in progress to LC and HCC were 0.6% and 0.2%,
respectively. There were 51 (in the LAM group) and 48
(in the history control group) LC patients at baseline,
of which 5 (9.8%) and 12 (25%) progressed to HCC;
the average annual rates were 1.9% and 7.5%,
while the three- and five-year cumulative rates were
4.5% vs 20.7% and 8.1% vs 37.5%, respectively.
The incidence of LC in CHB was significantly lower
than in the control group, which indicates that the
LAM treatment under whole-course management
may be helpful in reducing the development of CHB
to LC. Moreover, the HCC incidence in CHB with LC at
baseline of the LAM group was also lower than that of
the control group. Unfortunately, the relatively small
study sample may affect the comparison results, thus,
larger sample sizes are necessary in future studies.
The cumulative rate and annual rate of HCC and LC
in HBV patients was consistent with previous reports,
which also suggests the effectiveness of antiviral
therapy in CHB.
In conclusion, this study shows that the long-term
LAM treatment under whole-course management can
achieve undetectable levels of HBV-DNA and normalize
ALT levels, and thus, reduce the incidence rates of LC
and HCC in CHB/LC patients. Furthermore, this study
also indicates that baseline age is an independent risk
factor for CHB patients who develop LC, while LC and
HbeAg negative, age at baseline are the first and second
risk factors for development of HCC, respectively.

authors investigated the real-life clinical outcomes of CHB and LC patients after
LAM treatment under whole-course management. This retrospective-prospective
cohort study is based on two nonrandom cohorts of Chinese patients. The
authors found that the incidences of HCC in CHB and in LC at baseline of LAM
were lower than those of the control group. Viral breakthrough and relapse
were inevitable during long-term LAM treatment, the maximum efforts to enable
undetectable HBV-DNA levels and normalize alanine transaminase in CHB/LC
patients under whole-course management can reduce the incidence rates of LC
and HCC.
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Abstract
AIM: To evaluate the prevalence and characteristics
of colorectal adenoma and carcinoma in an inner city
Hispanic population.
METHODS: We reviewed the reports of 1628 Hispanic
patients who underwent colonoscopy at Howard
University from 2000 to 2010. Advanced adenoma was
defined as adenoma ≥ 1 cm in size, adenomas with
villous histology, high grade dysplasia and/or invasive
2
cancer. Statistical analysis was performed using χ
statistics and t -test.
RESULTS: The median age of the patients was 54
years, 64.2% were females. Polyps were observed in
489 (30.0%) of patients. Adenoma prevalence was
16.8% (n = 273), advanced adenoma 2.4% (n =
39), and colorectal cancer 0.4% (n = 7). Hyperplastic
polyps were seen in 6.6% of the cohort (n = 107).
Adenomas predominantly exhibited a proximal colonic
distribution (53.7%, n = 144); while hyperplastic
polyps were mostly located in the distal colon (70%,
n = 75). Among 11.7% (n = 191) patients who
underwent screening colonoscopy, the prevalence of
colorectal lesions was 21.4% adenoma, 2.6% advanced
adenoma; and 8.3% hyperplastic polyps.
CONCLUSION: Our data showed low colorectal cancer
prevalence among Hispanics in the Washington DC
area. However, the pre-neoplastic pattern of colonic
lesions in Hispanics likely points toward a shift in this
population that needs to be monitored closely through
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large epidemiological studies.
Key words: Colon; Rectum; Adenoma; Carcinoma;
Hispanics
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hispanics are becoming a sizable portion
of the United States population and are one of the
fastest growing demographic groups. Like other
minorities, their adherence to screening colonoscopy
is low. With changes in their diet and lifestyle, they
seem to be presenting more colorectal lesions of
neoplastic nature than their counterparts in their home
countries. Increased attention and awareness within
this population is needed to preempt an increase in
colorectal cancer incidence.
Ashktorab H, Laiyemo AO, Lee E, Cruz-Correa M, Ghuman A,
Nouraie M, Brim H. Prevalence and features of colorectal lesions
among Hispanics: A hospital-based study. World J Gastroenterol
2015; 21(46): 13095-13100 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i46/13095.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i46.13095

INTRODUCTION
Hispanics/Latinos are the largest and fastest growing
ethnic group in the United States. In 2010 there were
50.5 million Hispanics in the United States, comprising
[1]
16% of the total population . It is projected that there
will be 132.8 million Hispanics by 2050 representing
[1]
30% of the nation’s population by that time . As such,
public health issues in this population will have major
effects on the population at large.
Colorectal cancer (CRC) is the second leading cause
of cancer-related deaths among men and women
in the United States. It is estimated that 141210
patients will be diagnosed with colorectal cancer and
about 49380 will die of the disease in the United
[2]
States . Among all ethnic groups in the United States,
[3]
Hispanics have the lowest burden of the disease .
CRC is the second most commonly diagnosed cancer
among Hispanic men and women. It is the second
leading cause of cancer deaths in Hispanic men and
third leading cause of cancer deaths among Hispanic
[2]
women . In 2009, 10400 new cases and 3100 deaths
from colorectal cancer were expected among Hispanic
men and women.
Although Hispanics have lower rates of CRC
incidence and mortality than other ethnic groups,
the rates among Hispanics born and raised in the
continental United States are higher than those
among residents of Puerto Rico and Spanish-speaking
[4,5]
countries in South and Central America . It was
thought that diets which are higher in fat, refined
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carbohydrates, and animal proteins and lower levels
of physical activity contributed to this increased CRC
incidence.
Hispanics are more likely to be diagnosed with
advanced stage colorectal cancer than non-Hispanic
whites and have a lower probability of survival after
diagnosis after accounting for differences in age and
[6]
stage . Five years survival after diagnosis with CRC
in Hispanics is 58.6% compared to 65.1% in non[3]
Hispanic whites .
Factors that may contribute to survival disparities
include less access to and lower use of colorectal
cancer screening tests and less access to timely and
high-quality treatments. Generally, Hispanics have low
[7]
income and low education levels . Lack of insurance
has also been found to be associated with lower cancer
[8]
screening rates in this population .
Hispanics have lower colorectal cancer screening
rates than any other minority group in the United
States. In adults over 50 years, the rates of Hispanics
reporting sigmoidoscopy within the past five years or
colonoscopy within the past ten years was only 34.6%,
the lowest of all the ethnic groups to which they were
compared [non-Hispanic/Latino whites (52.7%),
African Americans/blacks (47.3%), Asian Americans
(42.6%)].
Colorectal carcinoma usually arises from an
adenomatous polyp and observational studies suggest
that the adenoma-to-carcinoma sequence takes
[9]
approximately 10 to 15 years . The hypothesis
that invasive colorectal carcinoma develops from
intermediate precancerous precursors is supported
by pathologic, epidemiologic and observational clinical
data, both in humans and in animal models. As such,
the early detection of precancerous lesions will have a
major impact on CRC incidence in this population.
Here, we analyzed colon lesions’ prevalence in
an inner city Hispanic community in Washington DC
to determine trends of colorectal neoplasia in this
population.

MATERIALS AND METHODS
Patients

We reviewed the medical records of 21201 patients
who had undergone colonoscopy from January
2000 to December 2010 at Howard University
Hospital, Washington, DC. The Howard University
Institutional Review Board has approved the present
study. Demographic information was collected from
medical coding and billing section based on ICD-9
classification. Only self-identified Hispanic patients
(n = 1628) were included in the study. All included
subjects were outpatients. This included 583 (35.8%)
males and 1045 (64.2%) females. Pathology reports
of patients who had either biopsy or polypectomy
were obtained from the pathology department. The
number and location of polyps were recorded during
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Colonoscopy and associated clinical symptoms in
Hispanics

Polyp

200

One thousand six hundred twenty eight colonoscopies
were reported in Hispanics from 2000 to 2010. The
number of colonoscopies increased from 22 in 2000
to 261 in 2010 (P < 0.0001). The frequency of polyp
diagnosis was 489 (30%). This frequency was 9% in
2000 and increased to 35% in 2010 (Figure 1).
The most common indications for colonoscopy
were abdominal pain and blood in stool/GI bleeding.
A sizable portion of colonoscopies were performed for
screening in patients without symptoms (Figure 2).
Few patients displayed more than one symptom with
some abdominal pain associated with constipation
and GI bleeding associated with anemia. Abdominal
pain was the primary indication in patients whose
colonoscopy led to polyps’ detection (Figure 2).
Males represented 36% of the study group. Males
made up 41% of the patients with polyps and were
found to be statistically more prone to develop polyps
than females (P = 0.005). Patients with polyps were
older than those without polyps (median age 56 years
vs 52 years, P < 0.001).
The most frequent type of polyps were tubular
adenoma (n = 236, 48%), hyperplastic polyps (n =
81, 17%), mixed polyps (n = 29, 6%), inflammatory
polyps (n = 18, 4%) and cancers (n = 7, 0.4%).
Regarding polyp location, 45% were distal, 38% were
proximal while in 17% of patients, polyps were located
on both sides of the colon. The polyps’ presence was
found to be strongly associated with patients’ age with
a peak at 60-69 years (P < 0.0001) (Figure 3A).
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the colonoscopy. The histology and sizes of the polyps
were obtained from pathology records. Adenomas
1 cm or greater in size, those with villous histology,
with high grade dysplasia and/or invasive cancer were
considered advanced adenomas. Polyps located from
cecum to splenic flexure were considered proximal
while those from other parts of the colon including the
rectum were classified as distal.

Statistical analysis

Distribution of variables was explored by table of
frequency or median (IQR). Categorical variables
including sex, indication for colonoscopy, and diagnosis
in histopathology and polyp location were explored
2
and compared using χ test. A logistic model was
developed to assess independent predictors of finding
a polyp by colonoscopy. P values less than 0.05 were
considered significant. We used STATA 12.0 (StataCorp.
College Station, TX) for all data analyses.
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Adenoma, advanced adenoma and hyperplastic polyps
analysis

Adenoma: Two hundred and seventy three (56%)
polyps were diagnosed as adenomas. Median (IQR)
adenoma size was 0.4 (0.3-0.6). Table 1 shows
demographic and clinical variables for patients with
and without adenomas. There were no differences
between these two groups regarding symptoms’
distribution (P = 0.3). Adenomas were located in distal
(34%), proximal (41%) and multiple colon locations
(24%) (Table 1).
In multiple logistic regression analysis, each year
was associated with an OR = 1.03 (95%CI: 1.02-1.05,
P < 0.0001, Figure 3B), proximal location was
associated with an OR = 2.05 (95%CI: 1.36-3.10, P <
0.0001) while multiple locations was associated with
an OR = 4.76 (95%CI: 2.61-8.67, P < 0.0001) for
prevalence of adenoma.
Advanced adenoma: There were 39 (8%) advanced
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groups.

Table 1 Demographic and clinical variables of patients with
and without adenomas n (%)

Male gender
Age, median (IQR)
Number of polyps,
median (range)
Location of polyps1
Distal
Proximal
Both

No adenomatous
polyps

Adenomatous
polyps

n = 216

n = 273

93 (43)
54 (47-62)
1 (0-5)

107 (39)
57 (52-64)
1 (0-8)

Table 2 Characteristics of patients with and without advanced
adenoma n (%)

P value

0.4
< 0.0001
0.0001

Male sex
Age, median (IQR)
Number of polyp,
median (range)
Location of polyps1
Distal
Proximal
Both

< 0.0001
124 (58)
70 (33)
18 (8)

88 (34)
107 (41)
63 (24)

1

Advanced
adenoma

n = 450

n = 39

185 (41)
56 (51-62)
1 (0-5)

15 (38)
62 (53-66)
2 (0-8)

203 (46)
169 (39)
67 (15)

9 (29)
8 (26)
14 (45)

P value

0.7
0.010
0.0001
< 0.0001

1

In 5 no adenoma and 15 adenoma location was not defined.

In 11 no advanced adenoma and 8 advanced adenoma location was not
defined.

adenomas among the patients with polyps. Median
(IQR) of adenoma size was 1.1 (1.0-1.3) for advanced
adenoma. Table 2 shows demographic and clinical
variables for patients with and without advanced
adenomas. Figure 3C shows that advanced adenomas
are more prevalent in patients older than 60 years.
There was no statistically significant difference
between these two groups regarding symptoms’
distribution (P = 0.1). Advanced adenomas were
located in distal colon (29%), proximal colon (26%)
and multiple locations (45%). In multiple logistic
regression analysis, multiple location was associated
with an OR = 4.71 (95%CI: 1.95-11.38, P = 0.001)
for risk of advanced adenoma.
Hyperplastic polyps: One hundred seven (22%)
polyps were hyperplastic polyps (HP). Median (IQR) of

WJG|www.wjgnet.com

No advanced
adenoma

HP size was 0.4 (0.3-0.5). Table 3 shows demographic
and clinical variables of patients with and without HP
polyps. These polyps were more frequent at 50-59
years of age (Figure 3D), much earlier than adenomas
and advanced adenomas’ age of onset.
There were no differences between HP and nonHP groups regarding symptoms’ distribution (P =
0.2). Hyperplastic polyps were located in distal (57%),
proximal (15%) and multiple colon locations (28%). In
a logistic regression, proximal location of polyps was
associated with an OR = 0.25 (95%CI: 0.13-0.45, P <
0.0001) for risk of HP.
Subgroup analysis of more recent patients
(2006-2010): Among 1144 patients who underwent
colonoscopy after 2005, the prevalence of polyps
was 31% (n = 349). Among patients with polyps in
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Table 3 Characteristics of patients with and without hyperplastic
polyps n (%)

Male gender
Age, median (IQR)
Number of polyp, median
(range)
Location of polyps1
Distal
Proximal
Both

No HP

HP

n =382

n = 107

149 (39)
57 (51-64)
1 (0-8)

51 (48)
55 (51-62)
1 (0-5)

154 (42)
162 (44)
53 (14)

58 (57)
15 (15)
28 (28)

P value
0.1
0.7
0.1
< 0.0001

1

In 13 no HP and 6 HP location was not defined. HP: Hyperplastic polyps.

colonoscopy, the prevalence of adenoma, advanced
adenoma and HPP were 55%, 7% and 24%,
respectively. Restricting the analysis to recent colon
oscopies doesn’t affect the predictor of adenoma or
HPP. With this restriction, older age will be added to
significant predictors of advanced adenoma (OR =
1.05, 95%CI: 1.01-1.09, P = 0.023).

DISCUSSION
It is well known that CRC is a major public health
problem in the United States and worldwide. The
rate of sporadic CRC is about 85% of all recorded
[10]
cases . These sporadic cases are primarily triggered
[11,12]
by environmental exposures
. Indeed most ethnic
groups in the United States have higher CRC rates
than their counterparts in their countries of origin.
This is true for African Americans and Asians and
most likely will apply in the future to other populations
including Hispanics which constitute the fastest
growing component of the United States population.
Studies of CRC in this population are scarce, which is
likely due to the fact that Hispanics show a low CRC
incidence.
We conducted the present study in an inner city
Hispanic population from the Washington DC area.
The colonoscopy reports for the 2000-2010 decade
at Howard University Hospital in DC were reviewed
and pathology reports were analyzed to shed light on
specific characteristics of colonic lesions in Hispanics.
The number of colonoscopies rose every year of
the analyzed decade and along with it the number
of detected polyps. This trend is similar to other
populations as colonoscopy has been popularized
[10]
widely since the year 2000 . The advertisement
campaign has been leading to increases in CRC
screening in the United States population at large,
including in minorities.
The rate of polyps was relatively moderate in the
years up to 2005, but increased to more than 30% in
the years 2006 to 2010. The primary symptoms that
led to most of the colonoscopies were abdominal pain
and blood in the stools, similar to other populations
[13,14]
as well
. Other symptoms included anemia and
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constipation. It is worth noting, that a sizable portion
of colonoscopies were performed for screening, a trend
that needs to be encouraged especially in minority
populations. The detected polyps were predominantly
found in patients older than 50 years with the
group of patients between 60 and 69 years with the
highest yield of colorectal neoplasia. However, many
polyps were detected at much younger age pointing,
probably, to increased occurrence of colonic lesions in
this population (Figure 3A). While most of these lesions
are of benign nature (hyperplastic, non adenomatous
polyps), they might be pointing to a potential increase
in colon oncogenic transformation in this population in
the future.
Among the 489 colonic lesions detected, 273
(56%) were of adenomatous nature. The mean age
of patients with adenoma was 57 years and their
location was primarily proximal. However, distally
located adenomas were also detected in the analyzed
population. Of these 273 adenomas, 39 were of
advanced nature, as defined by their large size,
numbers and villous histology. The characteristics of
patients with advanced adenomas included a higher
median age (62 years) and multiple polyps distributed
all over the colon. These findings are consistent with
the fact that age is a risk factor for colon cancer
development and also the presence of multiple polyps
at different locations pointing to pancolonic neoplastic
[15,16]
predisposition
.
Hyperpalstic polyps were found in 107 (22%)
patients. The median age of HP patients was 55 years.
The lesions were predominantly distal (58%). These
findings are in correlation with the preferential proximal
location of adenoma and advanced adenomas. Indeed
the proximal colon is the seat of high bacterial activity
that is thought to participate in the creation of stressful
[11,17,18]
conditions for the colon mucosa
. It is also
important to note that the proximal colon’s lesions are
generally highly targeted by DNA methylation than
distal lesions.
We only found 7 cancers in Hispanics seen at
Howard University from 2000 to 2010. This low
number points still to a low incidence of the disease in
this population. However, the pattern of pre-neoplastic
lesions seems to be following that of the general
population although this needs to be confirmed in large
follow-up studies. Would that mean that Hispanics will
acquire the same CRC rate as the general population?
That is a possibility, especially in light of changes
in cancer patterns in other populations upon their
migration to the United States. Another possibility
might be that Hispanics’ pre-neoplastic lesions lack the
cumulative effect of genetic and epigenetic alterations
to drive benign lesions to malignancy. Thorough
exome, whole genome methylation and other high
throughput studies are required to address this issue.
Nationwide multicenter studies are also required to
confirm the findings of our study to assess possible
future impacts of observed Hispanic colonic lesions on
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general public health.
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Abstract
AIM: To investigate the safety and efficacy of the
Cyberknife treatment for patients with advanced or
terminal stage hepatocellular carcinoma (HCC).
METHODS: Patients with HCC with extrahepatic
metastasis or vascular or bile duct invasion were
enrolled between May 2011 and June 2015. The
Cyberknife was used to treat each lesion. Treatment
response scores were based on Response Evaluation
Criteria in Solid Tumors v1.1. The trends of tumor
markers, including alpha fetoprotein (AFP) and proteins
induced by vitamin K absence Ⅱ (PIVKA Ⅱ) were
assessed. Prognostic factors for tumor response and
tumor markers were evaluated with Fisher’s exact test
and a logistic regression model. Survival was evaluated
with the Kaplan-Meier method and multivariate analysis
was performed using the Cox proportional hazards
model.
RESULTS: Sixty-five patients with 95 lesions were
enrolled. Based on the Barcelona Clinic Liver Cancer
classification, all patients were either in the advanced
or terminal stage of the disease. The target lesions
were as follows: 52 were bone metastasis; 9, lung
metastasis; 7, brain metastasis; 9, portal vein invasion;
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4, hepatic vein invasion; 4, bile duct invasion; and 10
other lesion types. The response rate and disease
control rate were 34% and 53%, respectively. None of
the clinical factors correlated significantly with tumor
response. Fiducial marker implantation was associated
with better control of both AFP (HR = 0.152; 95%CI:
0.026-0.887; P = 0.036) and PIVKA Ⅱ (HR = 0.035;
95%CI: 0.003-0.342; P = 0.004). The median survival
time was 9 mo (95%CI: 5-15 mo). Terminal stage
disease (HR = 9.809; 95%CI: 2.589-37.17, P < 0.001)
and an AFP of more than 400 ng/mL (HR = 2.548;
95%CI: 1.070-6.068, P = 0.035) were associated with
worse survival. A radiation dose higher than 30 Gy
(HR = 0.274; 95%CI: 0.093-0.7541, P = 0.012) was
associated with better survival. In the 52 cases of bone
metastasis, 36 patients (69%) achieved pain relief.
One patient had cerebral bleeding and another patient
had an esophageal ulcer after treatment.
CONCLUSION: The Cyberknife can be safely admini
stered to patients with advanced or terminal stage
HCC. High AFP levels were associated with worse
survival, but a higher radiation dose improved the
survival.
Key words: Hepatocellular carcinoma; Stereotactic
body radiotherapy; Cyberknife; Neoplasm metastasis/
therapy; Liver radiotherapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Due to an aging of hepatocellular carcinoma
(HCC) patient population, a growing number of patients are
®
ineligible for conventional therapy. The Cyberknife system
delivers stereotactic body radiation therapy (SBRT),
which offers minimally invasive treatment with high
doses of radiation. There has been an increase in the
number of successful reports of using SBRT against
liver-confined HCC. We found that the Cyberknife can
safely be administered even in patients with advanced
or terminal stage HCC. Our results suggest that SBRT
may have the potential to increase the overall survival
for advanced stage HCC patients. High alpha fetoprotein
levels were associated with worse survival, but a higher
radiation dose improved the survival.
Kato H, Yoshida H, Taniguch H, Nomura R, Sato K, Suzuki
I, Nakata R. Cyberknife treatment for advanced or terminal
stage hepatocellular carcinoma. World J Gastroenterol 2015;
21(46): 13101-13112 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i46/13101.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i46.13101

INTRODUCTION
Hepatocellular carcinoma treatment strategy

Hepatocellular carcinoma (HCC) is the third cause
[1]
of cancer-related deaths worldwide and is one of
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the leading causes of death in patients with hepatic
[2]
cirrhosis . The Barcelona Clinic Liver Cancer (BCLC)
classification, which evaluates both tumor stage
and patient condition, has commonly been used
[3,4]
to determine the course of treatment
. Based
on this staging system, patients with “very early”
and “early” stage HCC are candidates for curative
treatment such as surgery, percutaneous alcohol
injection or radiofrequency ablation (RFA). However,
less than 30% of patients are eligible for these radical
treatments due to advanced disease stage, poor liver
[5]
function, or other medical complications . For patients
with intermediate or advanced stage HCC, treatment
options include transarterial chemoembolization
[6,7]
[8]
(TACE) , sorafenib , or palliative care. However,
patients remain incurable, and consequently have a
poor prognosis. As a result, there has been a need for
a highly effective and less invasive treatment option
for these HCC patients

History of the Cyberknife

[9]

Although HCC is a radiosensitive tumor , the use of
radiation therapy for HCC has been limited due to the
poor tolerance of the entire liver to irradiation. Doses
are required to be less than 30-35 Gy, and there is
a risk of developing radiation induced liver disease
[10]
(RILD) . Originally, RILD was defined as having
anicteric hepatomegaly, ascites, and an elevated
alkaline phosphatase level typically occurring 2-12 mo
[11]
after therapy . In contrast to this “classic” RILD, a
“non-classic RILD” has been proposed. Patients with
underlying chronic liver diseases such as cirrhosis
or viral hepatitis may present with liver dysfunction,
including jaundice or markedly elevated serum
transaminases (more than 5 times the upper limit of
[12]
normal) within 3 mo after radiation . Over the past
two decades, thanks to advancements in computer
and imaging technologies, this weakness has been
overcome, and radiation therapy has evolved to be a
safe and feasible option for HCC, with RILD rates of
[13]
less than 5% .
Stereotactic body radiotherapy (SBRT) is a tech
nique that enables the delivery of highdose radiation
(usually 8-12 Gy/fraction) to the tumor with extreme
accuracy, while minimizing the damage to normal
surrounding tissue in 1-10 fractions. The major
advantages of SBRT are the promising radiobiological
efficacy of the administration of such large radiation
doses to tumor tissues, the short treatment course
achieved by a small number of fractions, and the
minimal invasiveness of the therapy, which can
also be given to patients with a poor performance
status. SBRT was initiated in the 1950s for the
treatment of intracranial malignancies and resulted
in extremely high local control rates (greater than
[14]
80%-90%) . However, its use in extracranial tumors
has been limited because of the movement caused
®
by the respiratory cycle. The Cyberknife (Accuray
Incorporated, Sunnyvale, California, United States) is a
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robotic image guided system that delivers SBRT, tracks
tumors during respiration, and automatically adjusts
treatment for any patient movement. The Cyberknife
has been used to treat a broad range of tumors
throughout the body, including prostate, lung, spine,
liver, pancreas, kidney, and other tumors. Currently,
there have been increasing numbers of successful
reports of using SBRT against HCC and other liver
tumors. Four prospective studies and several retro
spective studies have suggested that SBRT can be
used safely, and that this method has been associated
with high local control rates, mostly in the range
[15-37]
of 70%-100% at 1-2 years
. However, studies
focusing on patients with advanced or terminal stage
HCC are still scarce. Here, we report the treatment
outcomes, safety and efficacy of Cyberknife SBRT for
patients with advanced or terminal stage HCC at our
institution.

MATERIALS AND METHODS
Patients

PPatients with HCC who were unsuitable for surgery,
TACE, RFA, or other therapies were eligible for Cyberk
nife treatment and enrolled after careful discussion
between the patients and their treating physicians. We
selected tumors for Cyberknife treatment if they met
the following eligibility criteria: intrahepatic tumors
invading the hepatic vessels or bile duct without other
viable lesions, single extrahepatic tumors, or bone
metastases causing pain. In principle, patients with
multiple metastases were eligible only if they had bone
lesions.
All the patients submitted a written consent form
before treatment. This retrospective, single-institution
study was approved by the institutional research ethics
board.
The diagnosis of HCC was based on histological
confirmation, or the characteristic radiological appea
rance on a dynamic computed tomography (CT) scan
or a dynamic contrast-enhanced magnetic resonance
imaging (MRI) scan. The presence of risk factors, such
as cirrhosis, HBV, or HCV infection was also taken into
account. For metastatic lesions, we assumed that HCC
was the primary tumor if the patient had previously
been diagnosed with HCC and had metastasis.

Treatment

All patients were treated as inpatients, except for
4 patients who adamantly chose to be treated
as outpatients. All patients were treated with the
Cyberknife.
Real-time tracking of tumor movements was
®
performed with the MultiPlan (Accuray) treatment
®
planning software and the Synchrony (Accuray)
respiratory tracking system. A gold marker was
introduced beside the tumor for those who needed
respiratory synchronization. For tumors invading the
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hepatic vessels or bile duct, Visicoil (Sceti, Medical
Labo K. K., Tokyo, Japan), a helical gold linear fiducial
marker 0.75 mm in diameter by 5 mm in length was
percutaneously implanted under ultrasound-guidance
near the tumor. For lung metastasis, a spherical
fiducial marker 1.5 mm in diameter (Olympus, Tokyo,
Japan) was inserted by bronchoscopy.
Patients were immobilized in a vacuum cushion or
plastic shell in the treatment position to reduce any
motion caused by breathing. A spiral CT scan with and
without contrast and a slice thickness of 1 mm was
obtained for planning. MRI was also used for spine or
brain lesion planning. The gross tumor volume (GTV)
for intrahepatic lesions was defined as the arterial
enhancing site with washout on the venous or delayed
phase CT. The GTV for extrahepatic lesions was defined
depending on the characteristic radiologic aspects of
the metastases. The planned target volume (PTV) for
intrahepatic lesions and lung metastases was defined
as the GTV with a 2-5 mm margin in all directions.
Because the lesions inside the lung are particularly
vulnerable to respiratory movement, the margins
for these lesions were estimated based on CT scans
obtained during both the inhalation and exhalation
phases. For spinal lesions, the PTV was defined as
the GTV with a 2 mm margin because these lesions
are less subject to respiratory movement. For brain
lesions, no margin was applied for the GTV because
the surrounding brain tissue is considered critical. A
total dose of 8-50 Gy in 1-10 fractions was prescribed
to the 80% isodose line (95% PTV coverage) and
delivered to the PTV for 1-7 consecutive working days.
Dose constraints for organs at risk were applied based
[38]
on a previous report .

Evaluation

Each patient had a clinical and biological evaluation
during and after the completion of treatment and every
1 to 3 mo thereafter until death unless they were lost
to follow-up, or until death. Patients underwent CT
scans 1-3 mo following the completion of SBRT, and
radiological follow-up was performed by CT scan or
MRI every 3 mo thereafter.
Tumor response was classified according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
[39]
version 1.1
as follows: complete response (CR),
complete disappearance of the irradiated tumor;
partial response (PR), > 30% reduction in tumor
size; stable disease (SD), < 30% reduction or <
20% increase in tumor size; and progressive disease
(PD), > 20% increase in tumor size. Although the
modified RECIST (mRECIST) has recently been used
to evaluate treatment response in HCC, the RECIST
version 1.1 still seems to be commonly used in
evaluating radiotherapy responsiveness, as seen in
[17,40]
previous reports
. Tumor markers, including alpha
fetoprotein (AFP) and proteins induced by vitamin K
absence Ⅱ (PIVKA Ⅱ) were evaluated within in one
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markers were evaluated with Fisher’s exact test and a
logistic regression model. Survival was evaluated with
the Kaplan-Meier method and multivariate analysis
with the Cox proportional hazards model. All statistical
analyses were performed using the R statistical
package “cmprsk” in version 3.2.0. Differences were
considered to be statistically significant at P < 0.05.

Table 1 Patient characteristics n (%)
Characteristics

Parameter

No. of patients
Sex

Patients
65 (100)

Male
Female

51 (78)
14 (22)

Median
Minimum-Maximum

71
26-93

HCV
HBV
None

35 (54)
9 (14)
21 (32)

A
B
C
NA

38 (58)
24 (37)
2 (3)
1 (2)

0
1-2
3

16 (25)
43 (66)
6 (9)

Surgery
RFA
TACE
Sorafenib
Radiation

24 (37)
28 (43)
49 (75)
13 (20)
7 (11)

C
D

59 (91)
6 (9)

Median
Minimum-Maximum

256
1-240700

Median
Minimum-Maximum

1431
8-316400

Age, yr

RESULTS

Viral hepatitis

Patients and treatment

Child-Pugh
classification

ECOG
perfomance
status

Previous
treatments

BCLC stage

AFP (ng/mL)

PIVKA Ⅱ
(mAU/mL)

ECOG: Eastern Cooperative Oncology Group; BCLC: Barcelona Clinic
Liver Cancer staging system; AFP: Alpha fetoprotein; PIVKA Ⅱ :
Proteins induced by vitamin K absence; HCV: Hepatitis C virus; HBV:
Hepatitis B virus; RFA: Radiofrequency ablation; TACE: Transarterial
chemoembolization; NA: Not available.

week prior to the treatment and one month after
the treatment. For bone metastases, the efficacy of
treatment was also evaluated by symptom relief.
The response was self-assessed by subjective pain
score and was classified into the following categories:
pain relief, exacerbation, or no symptomatic change.
Toxicity was graded using the National Cancer
Institute Common Terminology Criteria for Adverse
[41]
Events (CTCAE) version 4.0 . Dose limiting toxicity
(DLT) was any CTCAE grade 4 or 5 for hepatic,
thrombocytopenic, or GI toxicity occurring within 1 mo
of SBRT or RILD requiring treatment in the absence of
disease progression within 3 mo of SBRT.

Statistical analysis

Prognostic factors for tumor response and tumor
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Between May 2011 and June 2015, a total of 65
patients with 95 lesions were treated with SBRT using
the Cyberknife system. Fifty-one were male and 14
were female with a median age of 71 (range: 26-93)
years. Underlying liver disease included hepatitis C in
35 patients (54%), hepatitis B in 9 patients (14%),
and other causes in 21 patients. The patients included
in the study had Eastern Cooperative Oncology Group
performance scores of less or equal to 2, except for 6
patients with a score of 3. Pre-treatment Child-Pugh
score ranged from 5A to 8B, except for 2 patients who
had scores of 11C and 12C respectively. Based on the
BCLC classification of HCC, 59 patients and 6 patients
had advanced and terminal stage disease, respectively.
All the patients had previously been treated for HCC,
including 24 patients who received surgery, 28 patients
who received RFA, 49 patients who received TACE, and
7 patients who received radiation therapy other than
SBRT previously. Seven patients with 15 lesions were
treated in combination with sorafenib administration.
Six patients had been previously treated with sorafenib
but discontinued therapy due to side effects. Other
patients were not eligible for sorafenib treatment due
to contraindications such as poor liver function or
brain metastasis. The target lesions were represented
as follows: 52 were bone metastasis (mostly spine);
9, lung metastasis; 7, brain metastasis; 9, portal vein
invasion; 4, hepatic vein invasion; 4, bile duct invasion;
and 10 other lesions (pleura, cavernous sinus, and
lymph node metastases).
For tumors invading the hepatic vessels or bile
duct, the median tumor size was 29 (range: 12-54)
mm and the median prescribed dose was 35 (range:
28-50) Gy in 3-10 fractions. For extrahepatic lesions,
the median tumor size was 23 (range: 10-53) mm and
the median prescribed dose was 25 (range: 6-48) Gy
in 1-6 fractions.
The median follow-up period was 4 (range: 1-33)
mo. Of the 65 patients, 35 patients were referred from
other institutions and were followed-up after treatment
at the referring hospital, and 15 patients were lost to
follow-up. Treatment was completed by all patients.
The characteristics of the patients are presented in
Table 1.

Tumor response

The efficacy of the therapy was as follows; CR was
observed in 7 lesions, PR in 25 lesions, SD in 19
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A-1

A-2

B-1

B-2

C-1

C-2

D-1

D-2

Figure 1 Tumor responses treated with Cyberknife. A1: CT scan of 59-year-old male with portal vein tumor thrombosis. The tumor is invading the portal vein from
the main trunk to the 1st branch. The tumor diameter was 46 mm. A fiducial marker was implanted nearby; A2: Three months after irradiation with 35 Gy/5 fractions.
The portal vein tumor thrombosis disappeared completely and the patient achieved CR; B1: CT scan of 85-year-old male with pleural HCC metastasis. The tumor
diameter was 53 mm. A fiducial marker was implanted nearby; B2: Three months after irradiation with 30 Gy/5 fractions. The tumor disappeared completely and the
patient achieved CR; C1: CT scan of 72-year-old male with thoracic spine HCC metastasis. Tumor is invading the left side of the thoracic spine at T2-3 causing bone
destruction. The tumor diameter was 52 mm; C2: Three months after irradiation with 30 Gy/5 fractions. The tumor decreased to 33 mm (37% reduction in size) and
the patient achieved PR; D1: T1-weighted MRI of 83-year-old female with brain HCC metastasis. There is a right frontal lobe lesion with gadolinium enhancement.
The tumor diameter was 19 mm; D2: One month after irradiation of 20 Gy/1 fraction. The tumor disappeared completely and the patient achieved CR. CR: Complete
response; CT: Computed tomography; HCC: Hepatocellular carcinoma.
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Table 2 Lesions and treatment outcomes
Total lesions (n = 95)

Variables

n
Liver
Portal vein
Hepatic vein
Bile duct
Bone
Lung
Brain
Others

Size (mm)
Median

9
4
4
52
9
7
10

34.5
38
19.5
24.5
19
23.5
31

Radiation (Gy)

Range

Dose

(15-54)
(20-54)
(12-29)
(10-52)
(18-48)
(12-38)
(15-53)

36
32.1
38.5
21.5
40
22
30

Response

Range

Fraction

CR

(28-50)
(28-36)
(28-45)
(8-33)
(27-48)
(14-30)
(16-48

(3-6)
(4-10)
(5-7)
(1-6)
(3-4)
(1-3)
(1-6)

2
1
1
2
1

PR

1
1
13
4
6

SD

PD

NA

2

1
1

4
1
2
11
4
3
3

1
16

11
1
2

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease. NA: Not available.

tumors invading the hepatic vessels or bile duct, the
RR and DCR of the evaluated cases were 50% and
80%, respectively. Lesions and treatment outcomes
are summarized in Table 2.
Univariate analysis was performed but none of the
clinical factors were statistically significant for tumor
response (Table 3).
Trends in AFP and PIVKA Ⅱ levels were available
in 53 lesions. Thirty patients (57%) presented with
decreases in AFP, and 28 patients (53%) presented
with decreases in PIVKA Ⅱ. In the univariate analysis,
radiation dose ( ≥ 30 Gy) and fiducial marker
implantation were appeared to be factors associated
with both AFP and PIVKA Ⅱ reductions. In multivariate
analysis, fiducial marker implantation remained to
be associated with better control of both AFP [(HR =
0.152; 95%CI: 0.026-0.887, P = 0.036) and PIVKA Ⅱ
(HR = 0.035; 95%CI: 0.003-0.342, P = 0.004)]. The
results are shown in Tables 4 and 5.
For the 52 cases of bone metastases, the efficacy
of treatment was also assessed in terms of pain
control. Thirty-six patients (69%) achieved pain relief,
10 patients had no symptomatic change, 1 patient had
worse pain, and 4 patients were not evaluated.

Table 3 Prognostic factors for tumor response n (%)
Prognostic factors
Gender
Female
Male
Age (yr)
< 70
≥ 70
AFP (ng/mL)
< 400
≥ 400
BCLC
Advanced
Terminal
Child-Pugh
<7
≥7
Diameter (mm)
< 30
≥ 30
Dose (Gy)
< 30
≥ 30
Dose/fraction (Gy)
<8
≥8
Lesion
Intrahepatic
Extrahepatic
Fiducial
(-)
(+)
Sorafenib
(-)
(+)

Response (+)

Response (-)

CR, PR, SD

PD

8 (73)
43 (77)

3 (27)
13 (23)

23 (77)
28 (76)

7 (23)
9 (24)

25 (69)
23 (88)

11 (31)
3 (12)

46 (75)
5 (83)

15 (25)
1 (17)

36 (80)
15 (68)

9 (20)
7 (32)

29 (81)
22 (71)

7 (19)
9 (29)

33 (70)
18 (90)

14 (30)
2 (10)

22 (88)
29 (69)

3 (12)
13 (31)

10 (91)
41 (73)

1 (9)
15 (27)

34 (71)
17 (89)

14 (29)
2 (11)

43 (78)
8 (67)

12 (22)
4 (33)

P value
0.716

1.000

0.123

1.000

0.363

0.401

0.119

0.137

0.274

Overall survival
0.126

0.460

Fisher's exact test was used to evaluate prognostic factors for tumor
response. Complete response (CR), Partial response (PR) and stable
disease (SD) were categorized into response (+), progressive disease (PD)
was categorized into response (-).

lesions, and PD in 16 lesions; 28 lesions were not
evaluated because of patient death or the loss of a
patient to follow-up. Actual tumor responses are shown
in Figure 1. The response rate (RR) and disease control
rate (DCR) of all the lesions were 34% and 53%,
respectively. After excluding the unevaluated cases,
the RR and DCR were 48% and 76%, respectively. For
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AAt the time of the analysis, 26 patients had died;
each died of cancer. The overall 1-year survival rate
was 49%. The median survival times for all the
patients, advanced stage patients, and terminal stage
patients were 9.0 mo (95%CI: 5.0-15.0), 13.0 mo
(95%CI: 7.0-15.0) and 1.0 mo (95%CI: 1.0-NA)
respectively. The Kaplan-Meier curve for overall survival
is presented in Figure 2. Univariate and multivariate
analyses were performed to account for the factors
associated with survival. In univariate analysis, AFP (≥
400 ng/mL), BCLC terminal stage, Child-Pugh score (≥
7) and radiation dose (< 30 Gy) were appeared to be
factors associated with worse survival. In multivariate
analysis, BCLC terminal stage (HR = 9.809; 95%CI:
2.589-37.17, P < 0.001) and AFP (≥ 400 ng/mL)
(HR = 2.548; 95%CI: 1.070-6.068; P = 0.035) were
associated with worse survival. Radiation dose (≥ 30
Gy) (HR = 0.274; 95%CI: 0.093-0.7541, P = 0.012)
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Table 4 Prognostic factors for alpha fetoprotein response n (%)
Prognostic factors

Univariate analysis

Multivariate analysis

P value

AFP
Gender
Female
Male
Age (yr)
< 70
≥ 70
AFP (ng/mL)
< 400
≥ 400
BCLC
Advanced
Terminal
Child-Pugh
<7
≥7
Diameter (mm)
< 30
≥ 30
Dose (Gy)
< 30
≥ 30
Dose/fraction (Gy)
<8
≥8
Lesion
Intrahepatic
Extrahepatic
Fiducial
(-)
(+)
Sorafenib
(-)
(+)

Decrease

Increase

4 (44)
26 (59)

5 (56)
18 (41)

11 (37)
19 (83)

19 (63)
4 (17)

Odds ratio

95%CI

P value

0.116

0.029-0.460

0.002

0.286

0.073-1.120

0.072

0.992

0.093-10.50

0.995

0.152

0.026-0.887

0.036

0.478

< 0.001

0.570
20 (61)
10 (50)

13 (39)
10 (50)

27 (57)
3 (50)

20 (43)
3 (50)

22 (65)
8 (42)

12 (35)
11 (58)

11 (42)
19 (70)

15 (58)
8 (30)

1.000

0.151

0.054

0.013
18 (46)
12 (86)

21 (54)
2 (14)
0.555

11 (65)
19 (53)

6 (35)
17 (47)

7 (78)
23 (52)

2 (22)
21 (48)

19 (48)
11 (85)

21 (52)
2 (15)

0.270

0.025

0.738
23 (55)
7 (64)

19 (45)
4 (36)

Fisher's exact test and a logistic regression model were used to evaluate prognostic factors for AFP response. AFP: Alpha fetoprotein.

was associated with improved survival in multivariate
analysis. Prognostic factors associated with overall
survival are shown in Table 6.

Adverse effects

Overall, the treatments were well-tolerated by
patients. No patient complained of changes in subjec
tive symptoms, such as abdominal pain, nausea,
fatigue, or joint pain, and no patients had a toxicity
greater than or equal to grade 2. No hematologic
complications, significant liver enzyme elevations, or
classic RILD were observed during treatment.
One patient had a grade 4 cerebral hemorrhage
2 h after radiation for brain metastasis. The patient
recovered well after craniotomy and hematoma
removal, but died of liver failure 45 d after therapy.
This was the second case of hemorrhage that pre
sented on the first day of the SBRT therapy expe
rienced at our institution.
Another patient presented with a grade 2 eso
phageal ulcer following treatment that resulted in a
digestive hemorrhage. For this patient, the treatment
target was in the hepatic vessels, and CR was achieved
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in that lesion. The maximum dose with which the
esophagus was irradiated was 31.2 Gy in 4 fractions
and occurred 16 d after therapy. The patient recovered
well with conservative management, including a
proton pump inhibitor, mucoprotective agents, and
5-aminosalicylic acid administration.

DISCUSSION
To date, radiation therapy has not been established
[42]
as a standard therapy for HCC . This modality has
not even been included as a treatment option in the
BCLC staging system. However, a growing number
of patients who are not eligible for conventional
therapy have been treated with radiation therapy with
promising results. Furthermore, this therapy modality
can be used not only as curative treatment but also for
palliative care.
The treatment of advanced HCC with invasion
of the major hepatic vessels or the bile duct can be
challenging. The majority of available liver-directed
therapies are generally contraindicated for such cases.
Additionally, these HCC lesions are associated with a
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Table 5 Prognostic factors for PIVKA Ⅱ response n (%)
Prognostic factors

Univariate analysis

Multivariate analysis

PIVKA Ⅱ
Gender
Female
Male
Age (yr)
< 70
≥ 70
AFP (ng/mL)
< 400
≥ 400
BCLC
Advanced
Terminal
Child-Pugh
<7
≥7
Diameter (mm)
< 30
≥ 30
Dose (Gy)
< 30
≥ 30
Dose/Fraction (Gy)
<8
≥8
Lesion
Intrahepatic
Extrahepatic
Fiducial
(-)
(+)
Sorafenib
(-)
(+)

P value

Decrease

Increase

3 (33)
25 (57)

6 (67)
19 (43)

12 (40)
16 (70)

18 (60)
7 (30)

Odds ratio

95%CI

P value

0.359

0.093-1.390

0.139

0.185

0.047-0.730

0.016

0.270

0.021-3.40

0.312

0.000

0.00-∞

0.994

0.035

0.003-0.342

0.004

0.278

0.052

0.738
18 (55)
10 (50)

15 (45)
10 (50)

26 (55)
2 (33)

21 (45)
4 (67)

20 (59)
8 (42)

14 (41)
11 (58)

10 (38)
18 (67)

16 (62)
9 (33)

0.404

0.267

0.056

< 0.001
15 (38)
13 (93)

24 (62)
1 (7)
0.769

8 (47)
20 (56)

9 (53)
16 (44)

8 (89)
20 (45)

1 (11)
24 (55)

0.026

0.001
16 (40)
12 (92)

24 (60)
1 (8)
1.000

22 (52)
6 (55)

20 (48)
5 (45)

Fisher's exact test and a logistic regression model were used to evaluate prognostic factors for PIVKA Ⅱ response.
BCLC

1.0

Advanced
Terminal

Overall survival

0.8
0.6
0.4
0.2
0.0
0

5
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59
25
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Figure 2 Kaplan Meier curves for overall survival. The median survival times for the advanced stage patients and terminal stage patients were 13 mo and 1 mo
respectively.
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Table 6 Univariate and multivariate analysis for overall survival
Prognostic factors
Gender (male)
Age (≥ 70 yr)
AFP (≥ 400 ng/mL)
BCLC (terminal)
Child-Pugh (≥ 7)
Diameter (≥ 30 mm)
Dose (≥ 30 Gy)
Dose/fraction (≥ 8 Gy)
Lesion (extrahepatic)
Fiducial (+)
Sorafenib (+)

Univariate analysis

Multivariate analysis

Hazard ratio

95%CI

P value

0.968
0.770
2.662
7.022
3.031
0.654
0.302
1.889
1.789
0.491
1.068

0.387-2.419
0.355-1.670
1.181-6.001
2.442-20.19
1.258-7.301
0.285-1.500
0.114-0.804
0.790-4.516
0.665-4.817
0.195-1.238
0.247-4.618

0.945
0.508
0.018
< 0.001
0.013
0.316
0.017
0.153
0.250
0.132
0.930

Hazard ratio

95%CI

P value

2.548
9.809
1.364

1.070-6.068
2.589-37.17
0.510-3.645

0.035
< 0.001
0.536

0.274

0.093-0.7541

0.012

0.783

0.264-2.321

0.659

Cox proportional hazards model was used to evaluate the prognostic factors for overall survival. AFP: Alpha fetoprotein; BCLC: Barcelona Clinic Liver
Cancer.

worse prognosis for overall survival. Our results showed
that RR and DCR for these lesions at follow-up were
[43]
50% and 80%, respectively. Kang et al
reported
that RR for portal vein tumor thrombosis treated by
SBRT alone was 66.7%, and could be improved up to
73.5% if combined with TACE. Compared with these
results, our data are almost equivalent. We believe
the small difference between the above results can be
partly explained by the higher prescribed dose (median
40.2 Gy) in the previous study compared with our
study (median 35 Gy). Previous reports underline a
significant relationship between total prescribed dose
[10,17,40]
and local tumor control
. Although our study
could not significantly certify the prognostic factors
for tumor response, radiation dose (≥ 30 Gy) had a
favorable tendency regarding tumor response (OR =
0.266; 95%CI: 0.027-1.370, P = 0.119). In terms
of overall survival, radiation dose (≥ 30 Gy) and AFP
(≥ 400 ng/mL) were significant prognostic factors, as
found in previous reports. Due to limited information
regarding optimal treatment indication, doses, and
methods remains limited, further studies are required
to maximize the efficacy of SBRT.
In our study, all the patients had either advanced
or terminal stage disease based on their BCLC
classification. Remarkably, all of our patients were able
to complete treatment, although most of them were
in poor condition, had a poor performance status or
other medical complications. All patients were able to
complete treatment because SBRT has the advantage
of enabling a short treatment course while allowing
the administration of a large radiation dose in a small
number of fractions.
Furthermore, our patients were mainly comprised
those who were not eligible for sorafenib due to its
side effects or contraindications to therapy such as
[44]
poor liver function or brain metastasis. Radu et al
reported that inadequate treatment for advanced stage
HCC patients, undertreatment results in a decreased
survival (3 mo vs 4 mo) and that overtreatment may
increase survival (28 mo vs 4 mo) compared with
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standard therapy. Therefore, SBRT may be a hopeful
option for patients who are not eligible for other
treatments.
To assess the overall disease control, the trends of
AFP and PIVKA Ⅱ were evaluated. Thirty-five patients
(57%) presented with decreases in AFP, and 28
patients (53%) presented with decreases in PIVKA Ⅱ.
In multivariate analysis, fiducial marker implantation
was associated with better control of both AFP and
PIVKA Ⅱ. This was most likely because fiducial marker
implantation was performed against lesions that were
the largest burden for patients without other coexisting
viable HCC. We assume that the reason that all
patients did not achieve tumor marker improvement
was because some patients had other coexisting
lesions that were left untreated (especially in bone
metastases cases). We believe that there was a
therapeutic effect with respect to the lesions irradiated,
and that SBRT can also be used for palliative care.
In terms of SBRT for bone metastases, 69% of the
patients achieved pain relief without complications.
We conclude that SBRT can be safely and successfully
administered to palliate bone metastasis symptoms.
There were several limitations to this study. A
major limitation was its retrospective design and
consequent lack of a control group. Additionally, this
study involved only one institution and our sample size
was small. However, based on previous studies, the
median survival times of advanced stage and terminal
stage BCLC are generally reported to be 4-7 mo and
[44-46]
1-3 mo respectively
. In our study, in spite of some
patients being lost to follow-up, the median survival
times for advanced stage and terminal stage were
13 mo and 1 mo respectively. This result suggests
that SBRT may have the potential to increase the
overall survival for advanced stage HCC patients,
and compares favorably with the best supportive
care and with sorafenib (4.2 to 7.9 mo and 6.5 to
[5,8]
10.7 mo, respectively ), which is the only other
potentially available therapy for these patients. Further
prospective studies are expected to define the role of
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the Cyberknife in the management of HCC.
In conclusion, this report is pioneering because it
focused on Cyberknife SBRT in patients with advanced
or terminal stage HCC. Our results suggest that the
Cyberknife may be less invasive than other therapies
and is useful for local tumor control, palliative care
and increasing survival for those who have no other
treatment options.
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Abstract
AIM: To assess the diagnostic concordance between
endoscopic and histological atrophy in the United
Kingdom and Japan.
METHODS: Using published data, a total of 252
patients, 126 in the United Kingdom and 126 in Japan,
aged 20 to 80 years, were evaluated. The extent of
endoscopic atrophy was classified into five subgroups
according to a modified Kimura-Takemoto classification
system and was compared with histological findings of
atrophy at five biopsy sites according to the updated
Sydney system.
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RESULTS: The strength of agreement of the extent
of atrophy between histology and visual endoscopic
inspection showed good reproducibility, with a
weighted kappa value of 0.76 (P < 0.001). Multivariate
analysis showed that three factors were associated
with decreased concordance: Japanese ethnicity
[odds ratio (OR) 0.22, 95% confidence interval (CI)
0.11-0.43], older age (OR = 0.32, 95%CI: 0.16-0.66)
and endoscopic atrophy (OR = 0.10, 95%CI: 0.03-0.36).
The strength of agreement between endoscopic and
histological atrophy, assessed by cancer risk-oriented
grading, was reproducible, with a kappa value of 0.81
(95%CI: 0.75-0.87). Only nine patients (3.6%) were
endoscopically underdiagnosed with antral predominant
rather than extensive atrophy and were considered
false negatives.
CONCLUSION: Endoscopic grading can predict
histological atrophy with few false negatives, indicating
that precancerous conditions can be identified during
screening endoscopy, particularly in patients in western
countries.
Key words: Gastritis; Atrophy; Histology; Endoscopy;
Diagnosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric atrophy is generally regarded as a
precancerous condition. Thus, improvements in methods
used to diagnose atrophy may identify patients at risk
for gastric cancer. Our data on endoscopic assessment
could be compared with diagnosis by an expert
histopathologist with a weighted kappa value. Our data
of this agreement is better than the inter-observer
agreement between two histopathologists reported
before. Thus, our results suggest that endoscopic
atrophy grading can predict extensive histological
atrophy and may serve as a practical assessment of
precancerous conditions during endoscopy in routine
clinical practice, especially for patients in western
countries.
Kono S, Gotoda T, Yoshida S, Oda I, Kondo H, Gatta L, Naylor
G, Dixon M, Moriyasu F, Axon A. Can endoscopic atrophy
predict histological atrophy? Historical study in United Kingdom
and Japan. World J Gastroenterol 2015; 21(46): 13113-13123
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i46/13113.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i46.13113

INTRODUCTION
Gastric adenocarcinoma continues to be a leading
cause of cancer-related deaths in many parts of
the world. Patients at increased risk of gastric
adenocarcinoma may be identified by endoscopic
screening for precancerous conditions. According to
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the Correa hypothesis, gastric carcinogenesis is a
progressive process, from chronic gastritis to gastric
atrophy and then to dysplasia or cancer. Thus, gastric
atrophy is generally regarded as a precancerous
[1,2]
condition .
Following the identification of Helicobacter pylori (H.
[3]
pylori) in 1983 , it became apparent that longstanding
infection often leads to atrophic gastritis and that
infection and the development of gastric cancer
are strongly associated. These observations were
confirmed by a long-term prospective trial, showing
not only that the histological severity of gastritis,
atrophy and intestinal metaplasia was predictive
of cancer but that the anatomical distribution of
[4]
the gastritis was even more important . Patients
with corpus predominant or pangastritis were at
much higher risk of cancer than patients with antral
[4,5]
predominant gastritis . Thus, endoscopic evaluation
should assess both the presence and anatomic location
of atrophic gastritis in determining the potential risk of
future cancer.
In Japan, where a large number of patients
have atrophic gastritis caused by H. pylori infection,
endoscopy has long been used to assess the macro
scopic changes associated with gastritis. An endoscopic
scoring system was developed to determine the extent
[6,7]
of atrophy by identifying the atrophic border
.
defined as the transition zone between non-atrophic
and atrophic gastritis, in the stomach. Endoscopic
atrophy was found to closely correlate with gastric
[4,8]
cancer . This approach, however, is not widely used
in western countries, with few endoscopists taking
multiple biopsies during routine upper digestive
endoscopy. Moreover, it is unclear whether histological
atrophy correlates with endoscopic atrophy in western
patients.
Improvements in methods used to diagnose
atrophic gastritis may identify patients at risk for
gastric cancer. This study, using previously published
[5]
data , compared the endoscopic and histological
diagnosis of gastric atrophy in patients in the United
Kingdom and Japan. Endoscopic atrophy, determined
using the Kimura-Takemoto classification system, was
compared with histological atrophy, determined using
the updated Sydney classification system.

MATERIALS AND METHODS
Study population

The study was performed at Leeds General Infirmary
in the United Kingdom and the National Cancer Centre
Hospital in Tokyo, Japan. The data were from a cross
[5]
sectional, cluster sampling study of patients , and
were used as a historical study. Twenty-one patients
in each 10-year age group from 20 to 80 years were
recruited in both Leeds and Tokyo between May 2000
and April 2002. Other inclusion criteria were epigastric
pain as the predominant symptom and no endoscopic
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Site
Site
Site
Site

Figure 1 Location of biopsy sites according to the
updated Sydney system. GC: Greater curvature; LC:
Lesser curvature.

1, 2: Antrum
3: Angulus
4: Middle body LC
5: Middle body GC

evidence of reflux esophagitis, peptic ulcer disease,
or malignancy. Patients were excluded if they had
received H. pylori eradication therapy in the past; had
been treated with any non-steroidal anti-inflammatory
drug, proton pump inhibitor, antibiotic, or bismuthcontaining compound during the previous 2 wk; or had
received H2 receptor antagonists in the previous 2 d.
Three endoscopists (T Gotoda in Tokyo and L
Gatta and G Naylor in Leeds) trained together for 2
mo to ensure standardization of patient selection,
recruitment, biopsy sites, processing of histological
and microbiological specimens, blood sampling, and
storage. The study protocol was approved by the local
ethics committees, and all patients provided written
informed consent.

mucosa. This atrophic border has been confirmed by
[6]
assessments of sequential biopsy specimens .
The atrophic border crosses the angulus on the
lesser curvature in the C-1 pattern, the lower and
middle parts of the corpus in the C-2 pattern, and the
upper part of the corpus in the C-3 pattern (Figure 2).
The atrophic border, which is parallel to the vertical
axis of the stomach, is on the lesser curvature in the
O-1 pattern, on the anterior and posterior walls in the
O-2 pattern, and on the greater curvature in the O-3
pattern. The C-1 pattern represents highly localized
antral atrophy, with subsequent lines representing
increasing extension through the lesser and greater
curvatures. The O-3 pattern represents extensive
atrophy, affecting almost the entire stomach.

Histology

Definition of concordance

Biopsy samples were obtained using standard
endoscopy biopsy forceps from the five sites specified
in the updated Sydney system (Figure 1). Each
tissue sample was placed in a separate bottle of 10%
formalin and embedded in paraffin for sectioning.
Sections were stained with hematoxylin and eosin
(HE) and evaluated. In this study, results diagnosed
by one super-expert histopathologist in Leeds were
considered histological atrophy. The pathologist was
blinded to the age and sex of the subjects. The graded
features were scored according to the updated Sydney
system for atrophy. Patients were considered positive
for histological atrophy if the score was mild, moderate
or marked in each location.

Endoscopy examination

Endoscopies were performed by the three previously
described experienced endoscopists using GIF-Q240
conventional gastroscopes (Olympus Co., Tokyo,
Japan). Atrophic features included discoloration of the
mucosa, greater visibility of a submucosal vascular
pattern due to thinning of the mucosa, uneven surfaces
and fold disappearance. The border between atrophic
and non-atrophic mucosa was defined endoscopically
by differences in the color and height of the gastric
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The endoscopic findings of the extent of atrophy were
compared with the histological findings of glandular
atrophy at five biopsy sites (Figure 1). To compare
the extent of atrophy strictly, both classifications were
modified to five grades according to definitions of
those anatomical locations. Histological grading was
scored as 1, none; 2, antrum (site 1 and/or 2); 3,
angulus (up to site 3); 4, the middle body of the lesser
curvature (up to site 4) and 5, the middle body of the
greater curvature (up to site 5). Endoscopic atrophic
grading according to the modified Kimura-Takemoto
classification was scored as 1, none; 2; antral (C-1); 3,
antral predominant (C-2); 4, corpus predominant (C-3,
O-1, O-2) and 5, pan-atrophy (O-3) (Figure 3).
Inasmuch as extensive atrophy is associated with
[4]
a much higher cancer risk than limited atrophy ,
the Kimura-Takemoto classification was simplified
to three grades of cancer risk oriented atrophy as:
normal (no atrophy), limited atrophy (antral and antral
predominant atrophy; C-1, C-2) and extended atrophy
(corpus predominant and pan-atrophy; C-3, O-1, O-2,
O-3).
Concordance was defined as matching of endoscopic
and histologic grades, with all other findings defined as
discordance.
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“No atrophy”

“Antral” = C-1

“Antral predominant” = C-2

“Corpus predominant” = C-3 - 0-2

Figure 2 Endoscopic atrophy grades.
Original Classification

Modified Classification

“Pan-atrophy”

O-3

Site 5

C-3

O-2

“Corpus dominant”

O-1

Site 4

C-2

“Antral dominant”
Site 3
C-1

“Antral”
Site 2

Site 1

Figure 3 Original and modified Kimura - Takemoto classifications.

Serum pepsinogen levels

Fasting serum was collected from all subjects. The
samples were centrifuged immediately at 4  ℃ and
serum stored at -70  ℃ until used. Serum concentrations
of pepsinogen (PG) Ⅰ and Ⅱ were measured using a
latex-enhanced turbidimetric immunoassay, and the
PG Ⅰ to PG Ⅱ ratios (PG Ⅰ/Ⅱ) were calculated.

H. pylori

Serum samples from all patients were tested by
enzyme linked immunosorbent assay for the presence
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and concentration of IgG antibodies to H. pylori
(HM-CAP; Enteric Products Inc., Westbury, NY). A
concentration ≥ 1.8 was defined as positive (sensitivity
98.7%, specificity 100%).

Statistical analysis

Analyses were performed with Microsoft Office Exel
spreadsheet and SPSS software, version 22 (SPSS Inc,
2
Chicago, IL). χ tests and t tests were used to evaluate
endoscopic, histological, and serological parameters
in patients with gastric atrophy. Agreement between
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Table 1 Patient demographic and clinical characteristics n (%)
Clinical parameters
Sex
Male
Female
Age (yr)
≥ 50
< 50
Helicobacter pylori IgG
Positive
Negative
Serologic features (ng/mL), mean ± SD
Pepsinogen Ⅰ
Pepsinogen Ⅱ
Pepsinogen Ⅰ/Ⅱ ratio
Histological atrophy
None
Antrum
Angulus
Lesser curvature of middle body
Greater curvature of middle body
Endoscopic atrophy
No atrophy
Antral (C-1)
Antral predominant (C-2)
Corpus predominant (C-3-O-2)
Pan-atrophy (O-3)

United Kingdom (n = 126)

Japan (n = 126)

Total (n = 252)

P value (United Kingdom vs Japan)

63 (50.0)
63 (50.0)

44 (35.0)
82 (65.0)

107 (42.5)
145 (57.5)

0.019

63 (50.0)
63 (50.0)

65 (51.6)
61 (48.4)

128 (50.8)
124 (49.2)

0.801

47 (37.3)
79 (62.7)

56 (44.4)
70 (55.6)

103 (40.9)
149 (59.1)

0.733

51.9 ± 40.0
13.0 ± 8.9
4.4 ± 1.8

50.7 ± 26.8
13.7 ± 9.7
4.6 ± 2.2

51.3 ± 33.8
13.4 ± 9.3
4.5 ± 2.0

0.780
0.552
0.364

56 (44.4)
49 (38.8)
19 (15.0)
2 (1.6)
0 (0)

38 (30.2)
19 (15.0)
20 (15.8)
25 (19.8)
24 (19.0)

94 (37.3)
68 (27.0)
39 (15.5)
27 (10.7)
24 (9.5)

< 0.001

56 (44.4)
40 (31.8)
24 (19.0)
6 (4.8)
0 (0)

27 (21.4)
33 (26.2)
20 (15.8)
43 (34.2)
3 (2.4)

83 (32.9)
73 (29.0)
44 (17.5)
49 (19.4)
3 (1.2)

< 0.001

endoscopic and histologic evaluations of the grade
of gastric atrophy was assessed by determining
the weighted kappa value. Factors associated with
extensive atrophy were estimated by univariate
logistic regression analysis. Covariates showing a
significant association with extensive atrophy by the
χ 2 or t test were included in multiple logistic regression
analyses. A P value < 0.05 was considered statistically
significant.

RESULTS
Demographic data

A total of 252 patients aged 20 to 80 years were
included in this study, including 126 patients from
the United Kingdom and 126 from Japan. Mean (±
SD) patient age was 49.4 (± 16.9) years. Of these
patients, 107 were male and 145 female; and 103
(40.9%) were serologically H. pylori-positive. The
detailed characteristics of the two subgroups are
shown in Table 1.
There were significant differences between the
groups from the United Kingdom and Japan, especially
in the extent of atrophy. In the United Kingdom, only
two patients (1.6%) were diagnosed histologically as
having corpus atrophy, whereas, in Japan, 49 of 126
(38.9%) patients had corpus atrophy. Fifty-six (44.4%)
patients in the United Kingdom and 38 (30.2%) in
Japan showed no evidence of histological atrophy.

Concordance between endoscopic and histological
atrophy

Table 2 shows comparisons between endoscopic
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and histological atrophy scores. Of the 252 patients,
176 (69.8%) showed complete concordance. The
strength of agreement between the modified KimuraTakemoto classification and histological atrophy, as
defined by the updated Sydney system, showed good
reproducibility, with a weighted kappa value of 0.76
(95%CI: 0.71-0.80).
A total of 76 patients were endoscopically mis
diagnosed, including 37 (14.7%) who were overdiagnosed and 39 (15.5%) who were under-diag
nosed. Of the 24 patients histologically diagnosed
with atrophy in the middle of the body of the greater
curvature, 21 (87.5%) were under-diagnosed endo
scopically. Moreover, 15 of 94 (16.0%) patients
without histological atrophy were endoscopically overdiagnosed with antral or antral predominat atrophy
(Table 2).

Factors affecting concordance

To identify factors affecting the concordance between
endoscopic and histological atrophy, univariate analyses
were performed; factors analyzed included the patient
populations (United Kingdom vs Japan), age, sex,
H. pylori infection, endoscopic atrophy (no atrophy
vs others) and PG Ⅰ/Ⅱ ratios. Factors significantly
associated with reduced concordance included Japanese
ethnicity (P < 0.001), older age (P < 0.001), low
pepsinoge Ⅰ/Ⅱ ratio (P = 0.015), endoscopic atrophy
(P < 0.001) and H. pylori infection (P = 0.001) (Table
3). In contrast, sex was not significantly associated with
reduced concordance (P = 0.143). Multivariate analysis
showed that only three factors were independently
associated with reduced concordance: Japanese
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Table 2 Cross-tabulation of endoscopic and histological atrophy
Endoscopic atrophy

Histological atrophy
None

Antrum

Angulus

79
13
2

4
51
12
1

9
21
9

5
22

94
15

68
17

39
18

27
5

No atrophy
Antrum (C-1)
Antrum predominant (C-2)
Corpus predominant (C-3-O-2)
Pan-atrophy(O-3)
Total
Misdiagnosis

Middle body LC

Total

Weighted κ value

83
73
44
49
3
252
76 (30.2%)

0.76

Middle body GC

4
17
3
24
21

GC: Greater curvature; LC: Lesser curvature.

Table 3 Univariate analysis of factors significantly associated with reduced concordance between endoscopic and histological atrophy n (%)

Populations
United Kingdom
Japan
Helicobacter pylori IgG
Negative
Positive
Age (yr)
< 50
≥ 50
Sex
Male
Female
Pepsinogen Ⅰ/Ⅱ ratio
> 3.0
≤ 3.0
Endoscopic atrophy
No atrophy
Others

Concordant group (n = 180)

Discordant group (n = 72)

OR

95%CI

P values

107 (84.9)
69 (54.8)

19 (15.1)
57 (45.2)

1
0.22

Referent
0.12-0.39

< 0.001

113 (78.5)
60 (58.3)

31 (21.5)
43 (41.7)

1
0.38

Referent
0.22-0.67

0.001

102 (82.3)
74 (57.8)

22 (17.7)
54 (42.2)

1
0.30

Referent
0.17-0.53

< 0.001

80 (74.8)
96 (66.2)

27 (25.2)
49 (33.8)

1
0.66

Referent
0.38-1.15

0.143

141 (73.8)
35 (57.4)

50 (26.2)
26 (42.6)

1
0.48

Referent
0.26-0.87

0.015

79 (95.2)
97 (57.4)

4 (4.8)
72 (42.6)

1
0.07

Referent
0.02-0.20

< 0.001

Cancer risk-oriented atrophy grading

ethnicity, older age and endoscopic atrophy (Table 4).

Further assessments according to factors significant on
multivariate analysis

To further assess the disagreement between histo
logical and endoscopic atrophy, patients were crosstabulated by each factor found to be significant (Tables
5 and 6). Although lower concordance rates for
extensive atrophy were observed in both populations,
19 (15.1%) of the 126 British patients were mis
diagnosed, including 15 who were over-diagnosed
with histological atrophy of the antrum or angulus. In
contrast, 57 (45.2%) of the 126 Japanese patients, of
all histological grades, were misdiagnosed, including
22 who were over-diagnosed and 35 who were underdiagnosed. Of the 24 patients with histological atrophy
at the greater curvature in the middle body, 21 were
under-diagnosed (Table 5). Age also was significantly
associated with concordance. A significantly higher
percentage of older than of younger patients with
histological atrophy of the antrum or angulus or
without atrophy were over-diagnosed [27/91 (29.7%)
vs 10/110 (9.1%), P < 0.001] (Table 6).
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When classified according to cancer risk-oriented
atrophy grading defined above, 222 (88.1%) of the
252 patients were concordant (Table 7). The strength
of agreement between endoscopic and histological
assessment by cancer risk-oriented grading showed
good reproducibility, with a weighted kappa value of
0.81 (95%CI: 0.75-0.87). However, nine patients
(3.6%), all Japanese, were not diagnosed with
extended atrophy but with limited atrophy (Table 8).
Of these nine patients, seven were women and eight
were negative for H. pylori infection. Furthermore, six
of the nine patients had PG Ⅰ levels < 70 ng/mL and
eight of nine had PG Ⅰ/Ⅱ ratios ≤ 3.

DISCUSSION
Gastric atrophy has been found to progress, accom
panied by repeated loss and regeneration of gastric
mucosa due to chronic inflammation induced by
[9]
persistent H. pylori infection . The updated Sydney
system was designed to assess histological gastritis
and atrophy more objectively and has become the
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Table 4 Multivariate analysis of factors significantly
associated with reduced concordance between endoscopic and
histological atrophy
Adjusted OR

95%CI

P value

1
0.22

Referent
0.11-0.43

< 0.001

1
0.6

Referent
0.31-1.38

0.268

1
0.32

Referent
0.16-0.66

0.008

1
1.50

Referent
0.67-3.35

0.328

1
0.10

Referent
0.03-0.36

< 0.001

Populations
United Kingdom
Japan
Helicobacter pylori IgG
Negative
Positive
Age (yr)
< 50
≥ 50
Pepsinogen Ⅰ/Ⅱ ratio
> 3.0
≤ 3.0
Endoscopic atrophy
No atrophy
Others

Greater atrophy: Antral predominant, corpus predominant and panatrophy.

[10]

international standard . Although this classification
includes assessment of five biopsy sites, this extensive
approach is not common in daily practice, because
of patient discomfort, cost and time restrictions.
Conversely, endoscopic classifications of atrophy are
not common, except in Japan.
Several previous studies have assessed the rela
tionship between endoscopic and histological diagnoses
of gastritis and atrophy using a variety of evaluation
methods. Negative results were reported in a
prospective study, which found that endoscopy alone
[11]
could not reliably diagnose H. pylori gastritis . The
absence of rugae and the presence of visible vessels
in the gastric mucosa predict severe atrophy but with
[12]
relatively low sensitivity . Based on these results,
the recent guidelines of the European Society of
Gastrointestinal Endoscopy, the European Helicobacter
Study Group, the European Society of Pathology, and
the Sociedade Portuguesa de Endoscopia Digestiva
stated that conventional white light endoscopy
cannot accurately differentiate among and diagnose
[13]
preneoplastic gastric conditions . However, these
guidelines were based in part on the results of a very
[14]
old study from the 1950s .
Recent studies from Asian countries, however, have
yielded different findings. For example, the sensitivity
and specificity of endoscopy for the histological
diagnosis of atrophy were reported to be 61.5% and
57.7%, respectively, in the antrum, and 46.8% and
[15]
76.4%, respectively, in the body of the stomach .
That study also reported that mucosal inflammation
reduced the sensitivity of endoscopy at both sites,
especially in individuals below 50 years of age.
Significant correlations between endoscopic atrophy
scores based on the Kimura-Takemoto classification
and histological atrophy scores based on the Sydney
classification were reported in the gastric corpus (r
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= 0.390) but correlations in the antrum were much
[16]
weaker . Furthermore, the severity of endoscopic
gastric atrophy was found to be significantly associated
with the severity of histological gastric atrophy, as
[17]
assessed by OLGA gastritis stage . The strength
of agreement between endoscopic and histological
atrophy scores was found to be good, with a weighted
[18]
kappa value of 0.51 .
As these methods differed, they are difficult to
compare with each other and their results were
inconsistent. Furthermore, although sensitivity,
specificity or positive predictive value may have been
high, there is no obvious standard to decide whether
a classification is useful or not. Moreover, despite
the updated Sydney system being the international
standard for histological assessment, inter-observer
agreements between pathologists have been reported
[5,19,20]
to be relatively low
. Our data on endoscopic
assessment could be compared with diagnosis by an
expert histopathologist. We observed good agreement
between endoscopic atrophy grades and histological
[21]
expert assessment , with a weighted kappa value of
0.76. If agreement between a general and an expert
histopathologist is not high, our results suggest that
endoscopic atrophy grading may be comparable to
histological assessment.
This study also assessed the factors affecting
concordance. Extended endoscopic atrophy was
associated with decreased concordance. Biopsies
sample only a tiny area of the entire gastric mucosa
and may therefore not be representative of the
entire mucosa. It was not surprising, however, that
concordance was better for distinguishing between
normal and atrophic mucosa than among grades of
abnormality.
Endoscopic features associated with atrophy
included discoloration of the mucosa, visibility of a
submucosal vascular pattern due to thinning of the
mucosa, unevenness of the surface mucosa and
fold disappearance. However, their presence may
result in under-diagnosis, especially if they occur in
the middle of the body at the greater curvature. The
mucosa in this area is much thicker than on the lesser
curvature, as well as being the most difficult area
of the stomach to distend by air insufflation. Thus,
discoloration of the mucosa and fold disappearance in
this area may be more difficult to detect, with changes
associated with atrophy perhaps being overlooked and
underestimated.
The concordance rate for atrophy was significantly
higher for patients in the United Kingdom than for
those in Japan. However, many more patients in
Japan had extended atrophy, which is more easily
misdiagnosed. The two populations also had different
concordances on multivariate analysis, suggesting that
this difference may be associated with differences in
the background of the two populations. Indeed, the
two populations differed in host genetic factors, diet,
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Table 5 Cross-tabulation of endoscopic and histological atrophy according to populations
Endoscopic atrophy
United Kingdom
No atrophy
Antrum
Antrum predominant
Corpus predominant
Pan-atrophy
Total
Japan
No atrophy
Antrum
Antrum predominant
Corpus predominant
Pan-atrophy
Total

Total

Weighted κ value

0.81

0

56
40
24
6
0
126

0.68

4
17
3
24

27
33
20
43
3
126

Histological atrophy
None

Antrum

Angulus

Middle body LC

54
1
1

2
37
9
1

2
14
3

2

56

49

19

2

25
12
1

2
14
3

38

19

7
7
6

5
20

20

25

Middle body GC

GC: Greater curvature; LC: Lesser curvature.

Table 6 Cross-tabulation of endoscopic and histological atrophy according to age
Endoscopic atrophy
Age < 50 yr
No atrophy
Antrum
Antrum predominant
Corpus predominant
Pan-atrophy
Total
Age ≥ 50 yr
No atrophy
Antrum
Antrum predominant
Corpus predominant
Pan-atrophy
Total

Histological atrophy
None

Antrum

61
5
1

2
28
3

67

Angulus

Middle body LC

Total

Weighted κ value

0.81

0.67

Middle body GC

3
6
1

3
7

1
3

33

10

10

4

63
36
14
11
0
124

18
8
1

2
23
9
1

6
15
8

2
15

27

35

29

17

3
14
3
20

20
37
30
38
3
128

GC: Greater curvature; LC: Lesser curvature.

and bacterial virulence. For example, there are ethnic
differences in the protein encoded by the H. pylori
cytotoxin associated gene A (CagA), one of the most
important virulence factors for gastric mucosal injury
and atrophy. The CagA gene is polymorphic and is
primarily classified into East Asian and Western types
[22]
based on sequences in its 3′ coding region . Previous
studies have clarified the differences in gastritis and
atrophy among patients infected with East Asian CagApositive, Western CagA-positive, and CagA-negative H.
[23]
pylori , with differences in virulence perhaps causing
differences in concordance rates.
The histological structures of the normal antral
and corpus mucosa differ, with the border between
[24,25]
these two areas located at the angulus
. This
anatomically defined border is difficult to detect clearly
[25]
using conventional endoscopy , although it can
be better detected using high definition equipment.
However, a slight difference in color between the
antrum and the corpus may occur in the absence
of histological atrophy. Mistaking this anatomical
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border for the atrophic border may result in overdiagnosis. We found that older patients, particularly
older Japanese, tended to be over-diagnosed when
their histological atrophy was not too extensive. Two
possibilities may explain this finding. The first is that
our study was open-labelled; thus there may have
been observer bias because elderly Japanese are
more likely to be infected with H. pylori. The second
reason is that gastric mucosal blood flow decreases
[26,27]
with age
, which may affect mucosal appearance.
Because of the slight differences in mucosal color,
endoscopists may mistake normal for atrophic antral
mucosa in older patients.
Advanced endoscopic techniques, such as chromo
endoscopy, image-enhanced endoscopy, high definition
and magnification, are likely to improve the accuracy
of endoscopic diagnosis of atrophy. The endoscopic
Congo red test was developed in the 1970s to diagnose
[28]
the extent of atrophy . However, this test requires
gastrin injection to stimulate acid secretion and to
observe changes in color. Autofluorescence imaging
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Table 7 Cancer risk oriented atrophy grade
Endoscopic atrophy

Histological atrophy

Normal
Limited (C-1-2)
Extended (C-3-O-3)
Total

Normal

Limited

Extended

79
15

4
93
10
107

9
42
51

94

Total

Weighted κ value

83
117
52
252

0.81

Limited: Atrophy limited antrum and angulus; Extended: Atrophy with corps-predominant or pan-atrophy.

Table 8 Characteristics of underdiagnosed patients at high-risk of gastric cancer
No.
1
2
3
4
5
6
7
8
9

United Kingdom/Japan Sex
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan

F
F
F
F
F
F
F
M
M

Age Helicobacter pylori
antibody
24
42
49
55
58
66
67
35
65

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative

Pepsinogen Ⅰ
(ng/mL)

Pepsinogen Ⅱ
(ng/mL)

Pepsinogen Ⅰ/Ⅱ
ratio

Endoscopic atrophy

45.1
126.0
44.8
65.4
71.4
46.9
26.7
56.0
82.4

21.3
41.4
40.9
34.3
34.3
17.4
12.2
23.8
19.6

2.1
3.0
1.1
1.9
2.1
2.7
2.2
2.4
4.2

Antral predominant
Antral predominant
Antral predominant
Antral predominant
Antral predominant
Antral predominant
Antral predominant
Antral predominant
Antral predominant

M: Male; F: Female.

(AFI) is useful in the diagnosis of mucosal atrophy.
Loss of fundic glands through atrophy increases the
intensity of AFI, with the mucosa appearing green and
[29]
the atrophic border more reproducibly identified .
The combination of AFI and narrow band imaging
(NBI) also improves the detection of pre-cancerous
[30]
conditions . However, some of these techniques
extend the time of the endoscopic procedure, generate
additional workload and may reduce patient tolerance
for the procedure. A greater number of attributes
must be considered, with the increase in modalities
employed for diagnosis making it more difficult
for endoscopists to agree on a standard workable
protocol. Thus their routine use cannot always be
recommended. In contrast, conventional endoscopy
diagnoses atrophy only by the Kimura-Takemoto
classification. Thus, the newest endoscopes are not
needed.
A previous study reported that extensive atrophic
gastritis indicates a high risk for gastric cancer and that
the main purpose of assessing the extent of atrophy is
to identify patients at greatest risk for potential future
[4]
endoscopic surveillance . The results presented here
indicate that cancer risk oriented atrophy grading into
three groups is much more predictable and its use is
acceptable in daily practice. However, it is potentially
a serious oversight to assign a patient to an incorrect
group. Patients with histological atrophy in the middle
of the corpus should be diagnosed endoscopically as
having extensive atrophy, indicating that they are at
high risk for gastric cancer. Our results showed that
nine patients (3.6%) were diagnosed with limited
rather than extensive atrophy and were therefore
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false negatives. Inclusion of patients with antral
predominant atrophy in those with extensive atrophy
could include all patients with histological atrophy in
the middle of the corpus. However, the number of false
positive patients would dramatically increase, from 10
to 45; thus, specificity would decrease considerably
and the workload increase.
These results suggest a benefit of including
additional assessments, such as biopsy, for patients
diagnosed with antral predominant atrophy, particularly
Japanese women infected with H. pylori. Identification
of patients with low pepsinogen Ⅰ levels and Ⅰ/Ⅱ
ratios may also improve outcomes.
This study had several limitations. First, it was
based on historical study data. Therefore, there was no
intent to recruit patients for this study, and these data
were relatively old. In addition, the endoscopes used
were not the newest type. However, the characteristics
of these patients and devices may be similar to those
of more recent studies. To support these conclusions,
a prospective multicenter trial will be warranted.
Second, gastric atrophy was assessed in all patients by
three expert gastrointestinal endoscopists. Thus, interobserver agreement may have been higher than in
routine clinical practice. Third, gastritis in most patients
was caused by H. pylori infection. The effects of other
etiologies are unclear because patients taking nonsteroidal anti-inflammatory drugs were excluded. No
patient had a characteristic histological appearance of
autoimmune gastritis but parietal cell antibodies were
not measured.
In conclusion, endoscopic evaluation by the KimuraTakemoto classification showed good histological
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evaluation of the risk of stomach cancer. Simplifying
this classification to three groups was useful, enabling
most patients at high risk to be identified, with
relatively few false negatives and an acceptable number
of false positives. Indeed histological assessment is
fundamental, but endoscopic atrophy grading can
predict extensive histological atrophy and may serve
as a practical assessment of precancerous conditions
during endoscopy in routine clinical practice, especially
for patients in western countries.

3
4

5

6
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Abstract
AIM: To assess the efficacy of moxifloxacin-containing
triple therapy after non-bismuth quadruple therapy
failure for Helicobacter pylori (H. pylori ) eradication.
METHODS: Between January 2010 and December
2012, we screened individuals who were prescribed
n o n - b i s m u t h q u a d r u p l e t h e ra p y fo r H. pylori
eradication. Among them, a total of 98 patients who
failed non-bismuth quadruple therapy received 1-wk
or 2-wk moxifloxacin-containing triple therapy (400
mg moxifloxacin once daily, and 20 mg of rabeprazole
and 1 g of amoxicillin twice daily). H. pylori status was
13
evaluated using the C-urea breath test 4 wk later,
after treatment completion. The eradication rates were
determined by intention-to-treat and per-protocol
analyses.
RESULTS: In total, 60 and 38 patients received 1-wk
and 2-wk moxifloxacin-containing triple therapy,
respectively. The intention-to-treat and per-protocol
eradication rates were 56.7% (95%CI: 45.0-70.0)
and 59.6% (95%CI: 46.6-71.7) in the 1-wk group
and 76.3% (95%CI: 63.2-89.5) and 80.6% (95%CI:
66.7-91.9) in the 2-wk group (P = 0.048 and 0.036,
respectively). All groups had good compliance (95% vs
94.9%). Neither group showed serious adverse events,
and the proportions of patients experiencing mild
side effects were not significantly different (21.1% vs
13.9%). Clinical factors such as age, sex, alcohol and
smoking habits, comorbidities, and presence of gastric
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or duodenal ulcer did not influence the eradication
therapy efficacy. The efficacy of second-line eradication
therapy did not differ significantly according to the firstline regimen.
CONCLUSION: Two-week moxifloxacin-containing
triple therapy showed better efficacy than a 1-wk
regimen after non-bismuth quadruple therapy failure.
Key words: Helicobacter pylori ; Moxifloxacin-based
triple; Non-bismuth quadruple; Second-line; Eradication
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We aimed to compare 1-wk and 2-wk
moxifloxacin-containing triple therapies after nonbismuth quadruple therapy failure for Helicobacter
pylori (H. pylori ) infection, especially in patients from a
region known to be associated with a high resistance to
antibiotics. The eradication rate of the 2-wk group was
significantly higher than that of the 1-wk group (76.3%
vs 56.7%, P < 0.05), and the incidence of side effects
was similar. Thus, a 2-wk regimen may be a reasonable
choice as second-line therapy for the eradication of H.
pylori infection after non-bismuth quadruple therapy
failure.
Lim JH, Lee DH, Lee ST, Kim N, Park YS, Shin CM, Song
IS. Moxifloxacin-containing triple therapy after non-bismuth
quadruple therapy failure for Helicobacter pylori infection. World
J Gastroenterol 2015; 21(46): 13124-13131 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i46/13124.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i46.13124

INTRODUCTION
Helicobacter pylori (H. pylori) is well known as the
main cause of gastritis, gastroduodenal ulcers, gastric
mucosa-associated lymphoid tissue lymphoma, and
[1]
gastric cancer . Effective treatment of H. pylori
infection remains a challenge, 100% eradication
has not been achieved by any current strategy. The
recommended first-line regimen for the eradication
of H. pylori is the so-called standard triple therapy
consisting of a proton-pump inhibitor (PPI) and
two antibiotics (clarithromycin plus amoxicillin or
[2-6]
metronidazole) for at least 7 d
. However, the
efficacy of the standard triple regimen has considerably
[7]
decreased in patients of most countries .
One recent strategy, which could increase
eradication rates, is sequential therapy using nonbismuth quadruple drugs. This regimen comprises
sequential administration of a dual therapy (amoxicillin
with a PPI), followed by a triple therapy (clarithromycin
[8]
and metronidazole with a PPI) . According to several
previous studies, including ours, this sequential
eradication treatment regimen shows better efficacy
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[9-14]

than the standard triple therapy
. Although the
reasons for this improved efficacy are not well
understood, the disruption of cell walls caused by
amoxicillin during the first phase and the breakage of
drug efflux channels responsible for drug resistance
may improve the efficacy of clarithromycin during the
[10,15]
second phase of treatment
.
Despite the apparent superiority of sequential
therapy, one concern is the possibility of poor
compliance owing to the complexity of the regimen
[16]
with a mid-course change of drugs . Accordingly,
concurrent prescriptions using the same combination
of drugs as sequential therapy (concomitant therapy)
have been presented as a good alternative. A recent
meta-analysis confirmed that the concomitant regimen
was more effective in eradicating H. pylori than the
[17]
standard triple regimen ; our previous clinical trial
with sequential and concomitant therapies also showed
[18]
similar efficacy, compliance, and side effect profiles .
The Korean population is reported to be at high risk
for H. pylori infection, and South Korea is reported to
have a high prevalence of resistance to antibiotics used
[19,20]
for the eradication of H. pylori
. The Maastricht
IV report recommends sequential treatment or a
non-bismuth quadruple therapy regimen as first-line
treatment in areas with high clarithromycin resistance
[2]
and low availability of bismuth quadruple therapy ;
thus, non-bismuth quadruple sequential and
concomitant therapies are used as first-line eradication
regimens for H. pylori infection in South Korea.
Despite these first-line regimens, a considerable
number of patients fail to achieve eradication and
require second-line treatment. Very few studies have
reported on second-line regimens after sequential
therapy failure, and none have reported on secondline regimens after concomitant therapy failure. In a
[21]
pilot study by Zullo et al , a 10-d triple regimen with
PPI, levofloxacin, and amoxicillin administered after
sequential therapy failure had an 86% eradication
rate. The current study assessed the efficacy of
moxifloxacin-containing triple therapy as second-line
treatment for H. pylori infection after non-bismuth
quadruple sequential and concomitant therapy failure.

MATERIALS AND METHODS
Study population

Between January 2010 and December 2012, we
screened individuals who were prescribed non-bismuth
quadruple therapy for H. pylori eradication at Seoul
National University Bundang Hospital. After identifying
cases that had received first-line therapy for the
eradication of H. pylori proven by a positive rapid
urease test (CLO test; Delta West, Bentley, Australia)
or histological evidence with modified Giemsa staining,
we identified subjects who required second-line
eradication therapy. Within this period, all patients
who did not achieve eradication with first-line therapy,
except for those lost to follow-up and who refused
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further treatment, were prescribed moxifloxacincontaining triple therapy as a second-line eradication
strategy.
The exclusion criteria included the use of H2 receptor
antagonists, PPIs, or antibiotics in the previous 4 wk as
well as the use of nonsteroidal anti-inflammatory drugs
13
within 2 wk before the performance of the C-urea
breath test, previous gastric surgery, advanced gastric
cancer, systemic illness such as liver cirrhosis or
chronic renal failure, pregnancy, age < 18 years, and
insufficient data.

PP analysis excluded patients with unknown H. pylori
status following therapy, those who took less than
90% of the treatment doses, and those lost to followup or with missing data.
Statistical analysis of the outcomes was performed
2
using the Student’s t-test and χ and Fisher’s exact
tests. Independent factors influencing treatment
efficacy were evaluated by univariate analysis using
χ 2 and Fisher’s exact tests. P values < 0.05 were
considered statistically significant. The analysis was
conducted using PASW Statistics for Windows version
18.0 (SPSS Inc., Chicago, IL, United States).

Study design

As a first-line H. pylori eradication regimen, all subjects
received a non-bismuth quadruple regimen comprising
10-d sequential therapy (20 mg of rabeprazole and 1
g of amoxicillin twice daily for the first 5 d, followed
by 20 mg of rabeprazole, 500 mg of clarithromycin,
and 500 mg of metronidazole twice daily for the
remaining 5 d), 2-wk sequential therapy (20 mg of
rabeprazole and 1 g of amoxicillin twice daily for the
first week, followed by 20 mg of rabeprazole, 500 mg
of clarithromycin, and 500 mg of metronidazole twice
daily for the remaining week), or 2-wk concomitant
therapy (20 mg of rabeprazole, 1 g of amoxicillin, 500
mg of clarithromycin, and 500 mg of metronidazole,
twice daily for 2 wk). H. pylori eradication was
evaluated at least 4 wk after treatment completion
13
using a C-urea breath test.
Participants who did not achieve eradication
with the first regimen and who agreed to a second
eradication regimen subsequently received a
moxifloxacin-containing triple regimen (400 mg of
moxifloxacin once daily and 20 mg of rabeprazole and
1 g of amoxicillin twice daily) for either 1 or 2 wk. H.
pylori eradication was evaluated as described above.
The primary outcome of this study was the H.
pylori eradication rate with the second-line treatment
consisting of moxifloxacin-containing triple therapy.
Treatment compliance and side effects were also
assessed.
13

An initial breath sample was obtained after a 4-h fast.
13
One hundred milligrams of C-urea powder (UBiTkit;
Otsuka Pharmaceutical, Tokyo, Japan) dissolved in
100 mL water was administered orally. The second
breath sample was obtained 20 min later. The cutoff
value was 2.6‰. Samples were analyzed using an
isotope ratio mass spectrometer (UBiT-IR300; Otsuka
Pharmaceutical).

Eradication rates were evaluated by intention-totreat (ITT) and per-protocol (PP) analyses. The ITT
analysis included all assigned patients, and patients
with unknown infection status were considered to have
eradication failure for the purpose of ITT analysis. The
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Study group characteristics

A flow chart of patients who received first-line and
second-line treatments for H. pylori eradication during
the study period is shown in Figure 1. A total of 465
patients underwent first-line eradication treatment
with non-bismuth quadruple therapy: 146, 116, and
203 patients received 10-d sequential therapy, 2-wk
sequential therapy, and 2-wk concomitant therapy,
respectively. Among these patients, 36, 33, and 51
patients from each treatment group, respectively,
showed first-line eradication treatment failure.
After excluding patients who refused second-line
eradication, 98 patients (30, 25, and 43 patients from
each first-line group, respectively) underwent secondline eradication treatment with moxifloxacin-containing
triple therapy. The patients who received second-line
eradication treatment were divided into two treatment
groups: 60 patients (29, 0, and 31 patients from
the first-line groups, respectively) received the 1-wk
regimen and 38 patients (1, 25, and 12 patients from
the first-line groups, respectively) received the 2-wk
regimen. The demographic and clinical characteristics
of the patients who received second-line eradication
therapy did not differ significantly between groups
(Table 1).

First- and second-line treatment outcomes

C-urea breath test

Statistical analysis

RESULTS

The eradication rates for the first- and second-line
treatments are shown in Figures 2 and 3. In the firstline treatment, the eradication rates by ITT analysis
were 75.3% (95%CI: 68.5-82.2) in the 10-d sequential
group, 71.6% (95%CI: 62.1-79.3) in the 2-wk
sequential group, and 74.9% (95%CI: 68.5-80.3) in
the 2-wk concomitant group. The eradication rates by
PP analysis were 78.0% (95%CI: 71.3-84.8), 75.0%
(95%CI: 66.7-82.8), and 77.2% (95%CI: 71.3-83.2),
respectively. There was no significant difference in
eradication rates between groups. All groups had good
compliance (96.6%, 93.1%, and 95.0%, respectively).
The outcomes of 1-wk and 2-wk moxifloxacincontaining triple therapies for second-line eradication
are shown in Table 2. The eradication rates by ITT
analysis were 56.7% (95%CI: 75.0-70.0) in the 1-wk
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Patients who underwent first-line treatment for H. pylori infection using
non-bismuth quadruple drugs (n = 465)

10-d sequential
(n = 146)

2-wk sequential
(n = 116)

2-wk Concomitant
(n = 203)

ITT analysis

Loss to follow up (n = 5)
< 90% taking medication
(n = 0)

Loss to follow up (n = 4)
< 90% taking medication
(n = 4)

Loss to follow up (n = 7)
< 90% taking medication
(n = 3)

PP analysis

Not eradicated (n = 36)

Not eradicated (n = 33)

n = 30

Not eradicated (n = 51)

n = 25

n = 43

Patients who underwent second-line treatment for H. pylori infection using
moxifloxacin-containing triple therapy (n = 98)

1-wk regimen (n = 60)

2-wk regimen (n = 38)

ITT analysis

Loss to follow up (n = 3)

Loss to follow up (n = 2)

PP analysis

Figure 1 Profile of the first-line and second-line treatment for Helicobacter pylori infection. ITT: Intention-to-treat; PP: Per-protocol; H. pylori: Helicobacter
pylori.

group and 76.3% (95%CI: 63.2-89.5) in the 2-wk
group; PP analysis showed eradication rates of 59.6%
(95%CI: 46.6-71.7) and 80.6% (95%CI: 66.7-91.9),
respectively. The eradication rates were significantly
higher in the 2-wk group than in the 1-wk group in
both the ITT and PP populations (P = 0.048 and P =
0.036, respectively). Five patients were lost to followup (three in the 1-wk group and two in the 2-wk
group), and both groups had good compliance (95.0%
vs 94.9%). Neither group showed serious adverse
events that could influence medication adherence,
and the proportions of patients experiencing mild side
effects were similar in both groups (21.1% vs 13.9%)
The reported side effects included nausea, dyspepsia,
epigastric soreness, and diarrhea.
The cumulative eradication rates of the firstand second-line treatments were 87.7% (95%CI:
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84.7-90.8) and 93.1% (95%CI: 90.7-95.4) in the ITT
and PP analyses, respectively.

Clinical factors influencing second-line eradication of H.
pylori

As shown in Table 3, univariate analysis was performed
to identify clinical factors that influenced the efficacy
of second-line treatment for H. pylori infection. Clinical
factors such as age, sex, alcohol and smoking habits,
comorbidities, and presence of gastric or duodenal
ulcer did not influence the efficacy of eradication
therapy. In particular, the efficacy of second-line
eradication treatment did not differ significantly
according to the first-line regimen, although the
eradication rate in the 10-d sequential group was
slightly lower than in the other groups because of the
high proportion of participants who had received the
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100

Table 1 Demographic characteristics of the study population
n (%)

10-d ST

P = 0.751

P = 0.849

2-wk CT

No. of patients
Age (mean ± SD), yr
Sex (male/female), n
Comorbidity
Hypertension
Diabetes
Current smoking
Alcohol intake
Endoscopic diagnosis
HPAG
GU
DU
GU + DU

2-wk MCT

60
55.5 ± 9.9
28/32

38
59.4 ± 11.7
23/15

10 (16.7)
2 (3.3)
4 (6.7)
10 (16.7)

11 (28.9)
5 (13.2)
4 (10.5)
7 (18.4)

51 (85.0)
1 (1.7)
7 (11.7)
1 (1.7)

29 (76.3)
2 (5.3)
5 (13.2)
2 (5.3)

Eradication rate (%)

80
1-wk MCT

60

40

20

0

MCT: Moxifloxacin-containing triple therapy; HPAG: Helicobacter pyloriassociated gastritis; GU: Gastric ulcer; DU: Duodenal ulcer.

ITT analysis

PP analysis

Figure 2 Helicobacter pylori eradication rates of first-line treatment using
non-bismuth quadruple sequential and concomitant therapies. Error bars
indicate 95%CI. 10-d ST: Ten-day sequential therapy; 2-wk ST: Two-weeks
sequential therapy; 2-wk CT: Two-weeks concomitant therapy; ITT: Intention-totreat; PP: Per-protocol.

1-wk moxifloxacin-containing triple therapy.

100

DISCUSSION

P = 0.048

P = 0.036

1-wk MCT
2-wk MCT

Eradication rate (%)

80

The overall eradication rates with 1-wk and 2-wk
moxifloxacin-containing triple therapies after nonbismuth quadruple therapy failure by ITT analysis
were 56.7% (95%CI: 45.0-70.0) and 76.3% (95%CI:
63.2-89.5), respectively. Although neither regimen
achieved acceptable eradication levels, the 2-wk
regimen was associated with a significantly higher
eradication rate than the 1-wk regimen.
Previous studies have reported that longer
quinolone-containing triple therapy treatment periods
tend to be associated with higher eradication rates.
[22]
A meta-analysis by Gisbert and Morena
found that
a 7-d therapy regimen was suboptimal in terms of
quinolone-based triple therapy treatment duration.
A prospective study performed in Italy showed that
patients receiving 10-d levofloxacin-based triple
therapy had a higher eradication rate than those
[23]
receiving 7-d therapy (87.5% vs 67.5%, P = 0.004) .
[24]
In addition, Chuah et al
reported excellent efficacy
with 2-wk levofloxacin-containing triple therapy, with
an eradication rate of over 90%.
We have reported several retrospective and
prospective studies using non-bismuth quadruple
[13,14,18]
sequential and concomitant therapies
. For
patients with first-line eradication treatment failure,
we previously prescribed 1-wk moxifloxacin-containing
triple therapy. However, the efficacy of this regimen
was quite disappointing, with an eradication rate of
less than 60%. More recently, 2-wk moxifloxacincontaining triple therapy was administered to patients
in an attempt to achieve higher eradication rates than
those with the 1-wk regimen. In a retrospective study
[25]
by Yoon et al , an extended duration of moxifloxacincontaining triple therapy after standard triple
therapy failure did not result in improved efficacy,
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2-wk ST

60

40

20

0

ITT analysis

PP analysis

Figure 3 Helicobacter pylori eradication rates of second-line treatment
using 1-wk and 2-wk moxifloxacin-containing triple therapy. Error bars
indicate 95%CI. 1-wk MCT: One-week moxifloxacin-containing triple therapy;
2-wk MCT: Two-weeks moxifloxacin-containing triple therapy; ITT: Intention-totreat; PP: Per-protocol.

likely because moxifloxacin resistance has gradually
increased. Similarly, 2-wk sequential therapy did not
show better outcomes than 10-d sequential therapy,
as our previous results have shown. In this study,
however, a 2-wk moxifloxacin-containing triple therapy
showed superior efficacy despite being prescribed later.
Moxifloxacin-containing triple therapy showed
somewhat lower eradication rates in this study despite
the significantly higher efficacy of the 2-wk regimen.
A pilot study performed in Taiwan reported excellent
efficacy with 2-wk levofloxacin-containing triple
[24]
therapy . In addition, eradication rates with 1-wk
and 2-wk moxifloxacin-containing triple therapies
were 95.0% and 78.9%, respectively, by ITT analysis
[26]
in a randomized trial by Miehlke et al
in Germany.
The high prevalence of moxifloxacin resistance in
our region may explain the lower efficacy observed
in our study. Although we did not perform antibiotic
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Table 2 Outcomes of 1-wk and 2-wk moxifloxacin-containing
triple therapy n (%)

Eradication rate
Intention-to-treat
Per-protocol
Compliance
Side effects
Nausea
Dyspepsia
Epigastric soreness
Diarrhea

1-wk MCT

2-wk MCT

P value

34 (56.7)
34 (59.6)
57 (95.0)
12 (21.1)
5 (11.6)
4 (7.0)
2 (3.5)
1 (1.8)

29 (76.3)
29 (80.6)
36 (94.9)
5 (13.9)
0
1 (2.8)
1 (2.8)
3 (8.3)

0.048
0.036
0.954
0.384
0.178

MCT: Moxifloxacin-containing triple therapy.

Table 3 Univariate analysis of the clinical factors influencing
the efficacy of moxifloxacin-containing triple therapy
Clinical factor
Age, yr
≤ 60
> 60
Sex
Female
Male
Alcohol
No
Yes
Smoking
No
Yes
Hypertension
No
Yes
Diabetes
No
Yes
Gastric ulcer
No
Yes
Duodenal ulcer
No
Yes
First regimen
10-d ST
2-wk ST
2-wk CT
Second regimen
1-wk MCT
2-wk MCT

No. patients

Eradication rate

P value

60
38

61.7%
68.4%

0.497

47
51

66.0%
62.7%

0.740

81
17

65.4%
58.8%

0.605

90
8

64.4%
62.5%

1.000

77
21

63.6%
66.7%

0.797

91
7

62.6%
85.7%

0.416

92
6

64.1%
66.7%

1.000

83
15

63.9%
66.7%

0.834

30
25
43

50.0%
68.0%
72.1%

0.138

60
38

56.7%
76.3%

0.048

ST: Sequential therapy; CT: Concomitant therapy; MCT: Moxifloxacincontaining triple therapy.

susceptibility testing, a recent study of 162 patients
from our center (2009-2012) showed that 34.6% of
[20]
H. pylori isolates were resistant to moxifloxacin .
This rate was substantially higher than the 18.7%
reported by the Taiwanese study described above.
The authors reported eradication rates of 92% and
33% for levofloxacin-susceptible and levofloxacinresistant strains, respectively, by PP analysis. Similarly,
[27]
in the study by Liao et al , treatment success was
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remarkably influenced by fluoroquinolone susceptibility.
With the levofloxacin-containing triple therapy, the
success rate was 97.3% in the susceptible group and
37.5% in the resistant group. A study conducted in our
hospital showed borderline significance for the effect
of moxifloxacin resistance on eradication failure (P =
[28]
0.056) .
Resistance to antibiotics appears to be the most
important contributory factor to treatment failure,
although CYP2C19 polymorphism could influence
the eradication rate of PPI-based therapy for H.
pylori eradication. The frequency of the CYP2C19
polymorphism varies among different ethnic
populations. The poor metabolizer genotype is relatively
more common in Asians than in Caucasians and African
Americans. Although we did not evaluate the CYP2C19
genotype in our study population, a recent study of
2202 patients from our center (2003-2013) evaluated
[29]
the effect of CYP2C19 genotype on eradication rates .
The proportions of extensive metabolizer and poor
metabolizer genotypes were 86.0% and 14.0%,
respectively. The poor metabolizer genotype was
associated with a high eradication rate compared with
the extensive metabolizer genotype (86.8% vs 78.2%,
P = 0.035). However, the rabeprazole-based regimen
used in our study is known to be less affected by the
[30]
CYP2C19 polymorphism .
Another possible explanation is that the increased
number of antibiotics during first-line treatment can
influence the efficacy of subsequent treatments. More
research on this potential factor is required.
Our study has several limitations. First, it was
a retrospective study conducted at a single center.
The interview regarding side effects after treatment
was not well organized and was thus insufficient. For
this reason, the prevalence of side effects after the
2-wk therapy was lower than after the 1-wk regimen,
although the difference was not statistically significant.
In addition, the study population was too small for
the study to have sufficient statistical power. Finally,
because we did not perform antibiotic susceptibility
testing for moxifloxacin, the actual role of antibiotic
resistance in eradication could not be assessed.
In conclusion, moxifloxacin-containing triple
therapy, especially a 2-wk regimen, showed suboptimal
efficacy but demonstrated encouraging results as
second-line treatment for H. pylori infection after nonbismuth quadruple sequential and concomitant therapy
failure, particularly in light of the high prevalence
of antibiotic resistance in South Korea. However,
additional prospective studies with larger sample sizes
are necessary to confirm these findings.

COMMENTS
COMMENTS
Background

Non-bismuth quadruple sequential and concomitant therapies were introduced
recently to increase eradication rates. Nevertheless, many patients fail to
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achieve eradication and require second-line treatment.

10

Research frontiers

Moxifloxacin has been suggested as an effective antibiotic for Helicobacter
pylori (H. pylori) eradication in a few animal and human studies.

Innovations and breakthroughs

11

This is a preliminary study to assess the efficacy of moxifloxacin-containing
triple therapy after non-bismuth quadruple therapy failure. The 14-d regimen
showed better efficacy than the 7-d regimen and may be a reasonable option
for H. pylori eradication.

12

Applications

13

This retrospective study provided preliminary results on moxifloxacin-containing
triple therapy. Prospective studies with larger sample sizes are necessary to
confirm our findings.
14

Terminology

Non-bismuth quadruple therapy is a novel strategy for H. pylori eradication,
using a combination therapy consisting of proton-pump inhibitor, amoxicillin,
clarithromycin, and metronidazole.
15

Peer-review

This study focused on the assessment of the efficacy of triple therapy with
moxifloxacin as second-line treatment for H. pylori infection after non-bismuth
sequential and concomitant therapy failure. Patients who failed to achieve
eradication of H. pylori infection despite first-line regimens needed second-line
treatment. A total 98 patients received 1-wk or 2-wk moxifloxacin-based triple
therapy containing 400 mg moxifloxacin per day and 20 mg rabeprazole and 1
g of amoxicillin twice per day. The H. pylori status was assessed by the 13C-urea
breath test 4 wk after treatment. This study is well constructed and statistically
evaluated.
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Abstract
AIM: To assess the diagnostic accuracy, of amino
transferase-to-platelet ratio index (APRI) alone and
with antischistosomal antibody (Ab) in patients with
hepatitis C virus (HCV) and schistosomiasis coinfection.
METHODS: This retrospective study included medical
records of three hundred and eighty three Egyptian
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men patients who had undergone percutaneous liver
biopsy between January 2006 to April 2014 in tertiary
care hospital in Qatar for diagnosis or monitoring
purpose were selected. Data of patients > 18 years
of age were included in the study. The values of HCV
RNA titer and antischistosomal antibody titer were also
taken into consideration. Patients were excluded from
the study if they had any other concomitant chronic
liver disease, including; history of previous antiviral or
interferon therapy, immunosuppressive, therapy, chronic
hepatitis B infection, human immunodeficiency virus
co-infection, autoimmune hepatitis, decompensated
liver disease, hepatocellular carcinoma, prior liver
transplantation, and if no data about the liver biopsy
present.
RESULTS: Median age of patients was 46 years.
About 7.1% had no fibrosis, whereas 30.4%, 37.5%,
20.4%, and 4.6% had fibrosis of stage Ⅰ, Ⅱ, Ⅲ, and
Ⅳ respectively. In bivariate analysis, APRI score, levels
of AST, platelet count and age of patient showed
statistically significant association with liver fibrosis (p
< 0.0001); whereas antischistosomal antibody titer (p
= 0.52) and HCV RNA titer (p = 0.79) failed to show
a significant association. The respective AUC values
for no fibrosis, significant fibrosis, severe fibrosis and
cirrhosis of APRI score were 63%, 73.2%, 81.1% and
88.9% respectively. This showed good sensitivity and
specificity of APRI alone for grading of liver fibrosis.
But the inclusion of anti-Schistosoma antibody did not
improve the prediction of fibrosis stage.
CONCLUSION: The study results suggest that
noninvasive biochemical markers like APRI are sensitive
and specific in diagnosing the degree of fibrosis and
cirrhosis in patients with coinfection of HCV and
schistosomiasis as compared to biopsy. The addition of
antischistosomal Ab to APRI did not improve sensitivity
for predicting the degree of cirrhosis.
Key words: Hepatitis C; Schistosomiasis; Aspartate
transaminase to platelet ratio index; Liver biopsy; Liver
fibrosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In few parts of the world, in addition to
hepatitis C virus (HCV) other concomitant infections
play a significant role in causing liver fibrosis. This
study was conducted using data from 383 patients
to evaluate accuracy of noninvasive method called
aspartate transaminase to platelet ratio index (APRI).
Its usefulness was explored for assessment of liver
fibrosis. Also the role of anti-schistosomial antibody
was evaluated for improving sensitivity and specificity
of APRI. The APRI when used alone showed good
sensitivity and specificity for accurately evaluating
liver fibrosis in patients with HCV and schistosomiasis
coinfection. The addition of antischistosomal antibody
or HCV-RNA Titer, did not further improve the accuracy
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of APRI.
Derbala M, Elbadri ME, Amer AM, AlKaabi S, Sultan KH,
Kamel YM, Elsayed EHS, Avades TY, Chandra P, Shebl FM.
Aspartate transaminase to platelet ratio index in hepatitis C virus
and Schistosomiasis coinfection. World J Gastroenterol 2015;
21(46): 13132-13139 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i46/13132.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i46.13132

INTRODUCTION
Liver biopsy is an important investigation which plays
significant role in the management and follows up of
the patients with hepatitis C virus (HCV) infection. It
helps in staging the degree of liver fibrosis and can
[1]
also guide about the treatment response . The main
problem with use of liver biopsy is that it is invasive,
relatively costly and there are chances of technical
[2]
errors during procedure . There is always a need
of non-invasive and cheaper methods and all the
complications associated with liver biopsy have led to
the search for other “safer” modalities with comparable
effectiveness.
For the assessment of liver fibrosis in hepatitis
C infected patients certain noninvasive modalities
are available which include serum biomarkers and
[3]
imaging tools . These currently available biomarkers
and imaging methods can predict the degree of liver
fibrosis either directly, being derived from extracellular
[4]
matrix turnover or indirectly by reflecting the
[5,6]
deranged liver function .
The aspartate aminotransferases (AST) to platelet
ratio index (APRI) score is an example of one of
these non-invasive modalities. It constitutes of AST to
platelets ratio index. This score has been studied to
assess the degree of fibrosis in patients with HCV with
[7]
proven efficacy .
In many parts of the word, HCV is not the
only infection which affects chronically the liver
structure and function. Other concomitant infections
do contribute substantially in the pathogenesis of
liver fibrosis. In Mediterranean region, especially
in Egypt; patients with HCV are commonly found
to be co-infected with schistosomiasis (bilharzias).
Both conditions can augment portal hypertension
with its consequences which includes splenomegaly,
hypersplenism with pancytopenia and portal varices
[8]
with and without bleeding . However, in patients with
schistosomiasis, portal hypertension occur secondary
to periportal fibrosis rather than liver cirrhosis. It has
been postulated in patients with schistosomiasis, the
platelet count, which is a component of APRI score,
is inversely related to the degree of periportal fibrosis
[9]
and spleen size . This consideration might alter the
reliability of APRI score in patients with HCV infection
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who are also co-infected with schistosoma infection.
Significant research gaps continue to limit full
understanding of the benefits and harms of screening
for HCV infection and diagnostic accuracy of noninvasive tests to compare to the liver biopsy. Although
liver biopsy is still regarded as the most accurate
method for assessing the histological stage of HCV
infection and its complications in liver, it is an invasive
test with some risks for serious harms, making workup strategies that make use of noninvasive tests with
high diagnostic accuracy a potential alternative.
The relationship between platelet count and the
stages of fibrosis in chronic HCV hepatitis have been
examined previously, however few reports have studied
this association in patients infected with Schistosoma
[8]
mansoni . The question, whether schistosomiasisHCV coinfection can affect the sensitivity of APRI score
in this group of patients needs attention. Also, it is
important to know does antischistosomal Ab titer can
modify the sensitivity of APRI score in these patients.
As per World Health Organization, in resourcelimited countries, it is recommended to use nonin
vasive tests for the assessment of hepatic fibrosis
rather than other invasive and methods requiring more
[10]
resources .
This retrospective study was conducted to examine
the diagnostic accuracy of one such noninvasive test
for resource poor countries like Egypt; the APRI,
in adult patients with combined schistosoma and
HCV infection compared to non-shistosoma infected
patients. We also tried assessing the value of adding
antischistosomal Ab titer to the APRI score on its
sensitivity and specificity for fibrosis staging.

MATERIALS AND METHODS
The data analyzed in the study were obtained after
approval from the ethics committee for human
research of the Hamad Medical Corporation. The study
was conducted in accordance with the Declaration of
Helsinki. This study was done in the Department of
Hepatology at Hamad General Hospital. A retrospective
analysis of medical records of 383 men patients with
HCV infection who had undergone percutaneous
liver biopsy between January 2006 to April 2014
was done. Those patients were scheduled to receive
treatment for HCV infection. Chronic HCV infection
was defined as positive anti-HCV serology, active virus
replication was manifested by the detection of HCVRNA, a persistent increase in alanine aminotransferase
(ALT), and chronic active hepatitis histological pattern.
Patients 18 years or older, with confirmed diagnosis
of HCV infection were included in the study. Patients
were excluded from the study if they had any other
concomitant chronic liver disease, including chronic
hepatitis B infection, human immunodeficiency virus
co-infection, autoimmune hepatitis, decompensated
liver disease, hepatocellular carcinoma, history of
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previous antiviral or interferon therapy, immuno
suppressive therapy, prior liver transplantation, and
if no data about the liver biopsy present. Diagnosis
of schistosomal co-infection was based on positive
antischistosomal antibody titer equal to or more than
1:160 (Fumouze Diagnostics, Levallois-Perret, France).
HCV-RNA detection was done using the QIAamp Viral
RNA and RNeasy Mini kit (QIAGEN, Hilden, Germany)
according to manufacturer’s instructions. Scheuer
score was used for assessing necro-inflammatory
activity and fibrosis in liver biopsies of patients with
chronic viral hepatitis. APRI Score was calculated at
the same time with liver biopsy.

Statistical methods

All analyses were run using SAS 9.4. Data were
presented as median with interquartile range, and
frequencies with percentages. The bivariate analysis
2
was done using χ test/Fisher exact test for categorical
variables and Kruskal-Wallis test for continuous
variables to find out the association between other
factors/variables and fibrosis. Binary and multinomial
logistic regressions were used to examine the
predictors of fibrosis modeled as dichotomous or multicategories fibrosis status respectively. All models were
forced to retain the APRI score as predictors. P <
0.05 indicated that the associations were statistically
significant. The receiver characteristic curve (ROC)
analysis was used to analyze the accuracy of diagnosis
of the hepatic fibrosis. An area under the ROC curve
value close to one, indicated high diagnostic accuracy.
Because sensitivity and specificity were considered
equally important, the best cutoff points were
determined using Youden’s index which maximizes
sensitivity and specificity. To examine the possible
role of anti-schistosomiasis in improving prediction
of fibrosis stage, we compared AUC of three models
predicting each fibrosis stage; namely model 1
which included APRI as the only predictor of fibrosis
stage, model 2 which included anti-schistosomiasis
as the only predictor of fibrosis stage, and model 3
which included both APRI and anti-schistosomiasis
as predictors of fibrosis stage. The volume under
the surface (VUS) method was used additionally as
an extension to AUC, using a three-class fibrosis
[11]
variable model) . A VUS less than or equal to 16.7%
is considered worthless in prediction of fibrosis. To
calculate the VUS we used a non-parametric method
[12]
that uses a confusion matrix approach . Analysis of
VUS was conducted using the SAS macro written by
[13]
Kapasny and Rezac .
Fibrosis status were classified in several ways; twoclass variables (1) any fibrosis yes (stage 1 to 4) vs
no (stage 0); (2) significant fibrosis (stage 2, 3, 4) vs
no/low fibrosis (stage 0, 1); (3) severe fibrosis (stage
3, 4) vs no/low/mild fibrosis (stage 0, 1, 2); and (4)
cirrhosis (stage 4) vs no/low/mild/moderate fibrosis
(stage 0, 1, 2, 3). A three-class fibrosis status was
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Table 1 Population characteristics and bivariate association
with fibrosis
Characteristic
Age
APRI score
Anti-schistosoma antibody
HCV RNA titer (Log10)
AST
Platelet (× 103)
Fibrosis, n (%)
No
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ
Grade, n (%)
0
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Median
(inter-quartile range)

Bivariate analysis
(P value)

46 (38, 52)
0.63 (0.40, 1.11)
128 (0, 512)
5.60 (4.98, 6.17)
42 (31, 63)
192 (147, 232)

< 0.0001
< 0.0001
0.53
0.38
< 0.0001
< 0.0001
NA
< 0.00012
-

26 (7.1)
112 (30.4)
138 (37.5)
75 (20.4)
17 (4.6)
2 (0.54)
101 (27.4)
185 (50.1)
74 (20.1)
7 (1.90)

Table 2 Odds ratio estimates and Wald confidence intervals
of multinomial regression predicting fibrosis status

1

Outcome:fibrosis Unit

APRI_SCORE
APRI_SCORE
AGE
AGE
Grade
moderate/severe
vs no/mild
Grade
moderate/severe
vs no/mild

Severe/cirrhosis
Mild/moderate
Severe/cirrhosis
Mild/moderate
Severe/cirrhosis

1
1
5
5
NA

2.41
0.65
1.83
1.46
11.63

1.12-5.18
0.025
0.31-1.40
0.275
1.37-2.46 < 0.0001
1.14-1.88
0.003
2.41-56.12 0.002

95%CI

Mild/moderate

NA

1.29

0.51-3.28

0.587

NA: Not applicable.

1

Kruskal-Wallis test; 2Fisher exact test. P < 0.05 is considered significant.
NA: Not applicable.

defined as no (stage 0), mild/moderate (stage 1, 2),
severe/cirrhosis (stage 3, 4).

RESULTS
The study included 383 men patients. The participants
were all men. Median age was 46 (38-52).
Approximately 26 (7.1%) had no fibrosis, whereas 112
(30.4%), 138 (37.5%), 75 (20.4%), and 17 (4.6%)
had fibrosis of stage Ⅰ, Ⅱ, Ⅲ, and Ⅳ respectively.
In bivariate analysis, APRI score, levels of AST,
platelets count and age of patient showed statistically
significant association with liver fibrosis (p < 0.0001).
Antischistosoma antibody titer (p = 0.53) and HCV
RNA titer (p = 0.38) did not show a significant
association with liver fibrosis. More specifically, there
were significant difference in levels of APRI scores
among the groups of no fibrosis, stage 1, 2, 3 and 4
fibrosis; median (IQR) 0.42 (0.34, 0.71), 0.44 (0.35,
0.63), 0.64 (0.41, 0.92), 1.22 (0.62, 2.22), and 2.49
2
(1.40, 2.80) respectively (Kruskal-Wallis test: χ =
98.78, p < 0.0001).The result is summarized in Table 1.
In the multivariable logistic regression analysis,
we further explored predictors of fibrosis status. APRI
score did not significantly predict “no fibrosis” status,
while age significantly predicted “no fibrosis” status,
such that for a unit increase in the APRI score the
odds of “no fibrosis” decreased by 16%, while for each
5-year increase in age, there was approximately 35%
decrease in the odds of “no fibrosis”; OR (95%CI)
0.84 (0.45-1.57) and 0.65 (0.51-0.83) respectively.
On examining predictors of “significant fibrosis” status,
APRI score, older age, and severe inflammation
significantly predicted “significant fibrosis” status; OR
(95%CI) 2.48 (1.45-4.25), 1.23 (1.05-1.44), and
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OR

P value

Predictor

13.03 (6.90-24.60) respectively. Similarly APRI score,
older age, and severe inflammation grade significantly
predicted “severe fibrosis” status OR (95%CI) 3.53
(2.37-5.24), 1.29 (1.08-1.54) and 9.18 (2.44-34.60)
respectively. Interestingly, for each unit increase in
APRI score there was a 68% increase in the odds of
“cirrhosis” status OR (95%CI) 1.68 (1.08-2.61), and
for each 10000 unit increase in platelet count, there
was a 15% decline in the odds of “cirrhosis” status OR
(95%CI), 0.85 (0.73-0.98) (Data are not in tables).
We also ran the multinomial logistic regression
model to predict a three-level, fibrosis status (no,
mild/moderate, severe/cirrhosis). Compared to no
fibrosis, the probability of mild/moderate fibrosis was
not significantly predicted by APRI score or grade, but
significantly predicted by age. On the contrary, the
probability of severe fibrosis/cirrhosis was significantly
higher for individuals with higher APRI score, who are
older and have moderate/severe inflammation (Table 2).
To examine the improvement in predicting fibrosis
when anti-schistosoma antibodies is included as
predictor of fibrosis, we ran three models. The first
model included APRI score only, the second model
included anti-schistosoma antibodies only, and the
third model included both APRI score and antischistosoma antibodies.
The respective AUC values for no fibrosis, signi
ficant fibrosis, severe fibrosis and cirrhosis of APRI
score were 63%, 73.2%, 81.1% and 88.9% (Figure 1).
The individual APRI has shown good sensitivity
and specificity as compared to biopsy. The sensitivity
and specificity increase as grades of fibrosis increases.
Because sensitivity and specificity were considered
equally important, the best cutoff points were
determined using Youden’s index which maximizes
sensitivity and specificity. APRI score did not perform
well in predicting no fibrosis. The optimal cutoff
point was 0.45. The cutoff for significant fibrosis,
severe fibrosis and cirrhosis was 0.64, 1.06 and 1.11
respectively. The results are summarized in Table 3.
We investigated whether the prediction of fibrosis
stage would improve if both antischistosoma antibody
and APRI score were included in the prediction model.

13135

December 14, 2015|Volume 21|Issue 46|

Derbala M et al . APRI in concomitant HCV-Schistosomiasis conifection
ROC curve for model
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Figure 1 Receiver characteristic curve analysis of aminotransferase-to-platelet ratio index. Score in predicting grades of fibrosis.

Table 3 Aminotransferase-to-platelet ratio index score AUC,
cutoff points and accuracy in determining fibrosis
1

Characteristic

AUC

Cutoff point

Sensitivity

Specificity

No fibrosis
Significant fibrosis
Severe fibrosis
Cirrhosis

63%
73%
81%
89%

0.45
0.64
1.06
1.11

56%
63%
64%
88%

69%
76%
86%
79%

Table 4 Comparison of AUC of models that include
aminotransferase-to-platelet ratio index score only, antischistosomiasis only or aminotransferase-to-platelet ratio
index score plus anti-schistosomiasis in determining fibrosis
Characteristic
No fibrosis
Significant fibrosis
Severe fibrosis
Cirrhosis

1

Based on Youden’s index.

But inclusion of antischistosoma antibody did not
improve the prediction of fibrosis stage (Table 4).
Using a three class fibrosis variable (no fibrosis,
mild to moderate fibrosis and severe cirrhosis) a
VUS of 43% was observed. We investigated cutoff
points that minimize misclassification. Cut off points
of (no fibrosis < 0.2, mild/moderate fibrosis 0.2 to <
0.7, and severe/cirrhosis > 0.7) achieved a 62.5%
correctness. The correct classification was achieved in
approximately 73.1% if we used cutoffs of (no fibrosis
< 0.2, mild/moderate fibrosis 0.2 to < 1.0, and
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AUC
Model 1
63%
73%
81%
89%

1

Model 2
54%
55%
54%
52%

2

Model 3

3

60%
73%
81%
89%

1

Model includes APRI score; 2Model includes anti-schistosomiasis; 3Model
includes APRI score plus anti-schistosomiasis. APRI: Aminotransferase-toplatelet ratio index.

severe/cirrhosis > 1.0). Approximately 76.1% subjects
were correctly classified using the cutoff points of (no
fibrosis < 0.2, mild/moderate fibrosis 0.2 to < 1.5,
and severe/cirrhosis > 1.5). Increasing the cutoff point
of severe/cirrhosis to APRI score of 2 decreased the
correctness of classification to 74.5% (no fibrosis < 0.2,
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Figure 2 Volume under the surface receiver characteristic curve analysis of aminotransferase-to-platelet ratio index. Score in predicting fibrosis.

mild/moderate fibrosis 0.2 to < 2, and severe/cirrhosis
> 2). In general, the highest misclassification was in
the no fibrosis class, while the lowest misclassification
was in the mild/moderate fibrosis class (Figure 2).

DISCUSSION
In this study, we explore for the first time the utility
of anti-schistosoma antibodies in improving the
diagnostic accuracy of APRI score. World Health
Organization estimates that of the world’s population,
about 3% has been infected with HCV and that there
are approximately more than 170 million chronic
carriers who are at risk of developing liver cirrhosis
and liver cancer. Egypt has one of the highest
prevalence of HCV and a high morbidity and mortality
from chronic liver disease, cirrhosis, and hepatocellular
carcinoma. About 20% of blood donors in Egypt are
anti-HCV positive. Compared to other countries in the
world which share similar socioeconomic conditions
and equivalent sterilization, infection control and
hygienic standards for invasive medical, dental, or
paramedical procedures, Egypt has considerable
[14]
higher rates of HCV . In Egypt, the major route of
exposure is considered to be due to receiving medical
injections and inefficient infection control practices.
Also, due to blood and blood products transfusions
prior to 1994. Of note, the reported major risk factor
is a history of antischistosomal injection treatment
prior to 1986. Historically, Schistosomiasis used to
be a common parasitic disease in Egypt which were
commonly acquired through engaging in activities such
as swimming or wading in Schistosoma-contaminated
irrigation channels or standing water. Because,
during the 90s, only glass syringes were available
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for treatment of schistosomiasis, which were usually
inadequately sterilized by boiling, lead to an iatrogenic
HCV epidemic in Egypt. Overall, despite improvement
in schistosomiasis-related morbidity during 90s, such
treatment campaigns set the stage for the current
[15]
large hepatitis disease burden in Egypt .
Considering all epidemiological significance, in this
study, we tried to find out if a noninvasive method
called APRI is sensitive enough to predict degree of
fibrosis as accurately as liver biopsy. Also we tried to
find out if addition of antischistosomal Ab titer in APRI
increases the diagnostic accuracy of procedure.
In this study, we found that the degrees of liver
fibrosis of patients with chronic hepatitis C were
strongly associated with APRI score, levels of AST,
platelets count and age of patient. There was no
statistically significant association with antischistosoma
antibody titer and HCV RNA titer. Various other studies
tried to find out multiple factors related to liver fibrosis
progression in HCV infection. Inconsistent reports were
found regarding association of biomarkers. In study
[16]
by Ryder et al , age was found to have significant
association, but no association was found with AST
[17]
levels. Whereas, in a study by Butt et al , there were
positive associations between HCV RNA and duration
of HCV infection with fibrosis.
The APRI is calculated as (AST/upper limit of normal
9
range)/platelet count (10 /L) × 100. The accuracy
of APRI was improved with higher grade of fibrosis.
It was estimated using ROC curves. This finding was
[18-20]
similar as reported by many other studies
. But
few studies concluded that APRI may not be sensitive
enough to be used as a routine practice. The results
may have been because of smaller sample size used
[21]
in such studies . APRI index has been validated as a
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surrogate marker of significant hepatic fibrosis in HIV/
HCV-coinfected patients, and has recently been used
to determine advanced fibrosis in HIV-monoinfected
patients. And recently metanalysis also supported
its use for assessment of liver fibrosis in patients of
[22]
chronic HCV infection .
Addition of antischistosomal antibody to APRI
was also evaluated. This addition did not improve the
predictive capacity of APRI. That also did not decrease
the predictive capacity of APRI suggesting that it is
an independent marker and is not responsible for or
may be involved with very insignificant fibrosis. There
are no other published studies using antischistosomal
antibody with APRI for diagnosis of liver fibrosis in
chronic HCV infection.
We also tried additional method for examining
three-class indicators of fibrosis status. It was an
extension of the ROC analysis method, known as
VUS. Using this method we found that the highest
misclassification was in the no fibrosis class, while the
lowest misclassification was in the mild to moderate
fibrosis class.
One of the main reasons for doing this study was
because of many contradicting reports about HCVschistosoma coinfection and its impact. As per many
studies, the HCV-schistosoma coinfection is very
important disease in Egyptian patients. It is reported
that, the prevalence of schistosomal co-infection
among HCV-Egyptian patients is up to 27.3%. And
this figure may increase as per the histological activity
index. It is suggested that this correlation may
interfere with liver fibrosis assessment of Egyptian
[23-25]
patients
. While other studies have denied any
impact of schistosomal co-infection on the outcome
of HCV infection, in regard of liver pathology or HCV[26]
specific cell-mediated immunity .
Of note, we included only men because of the very
small number of women who have been seen in our
clinic. Therefore, our results might not be generalizable
to women.
A validated noninvasive marker of fibrosis is useful
in patients with liver fibrosis. Such a marker could
help guide clinicians in whom to treat, and serve as
a longitudinal marker of treatment efficacy without
the need for repeated liver biopsies. Even WHO
recommends using such methods in resource poor
countries for monitoring. The results of this study
indicate that APRI is a useful marker in patients with
coinfection of HCV and schistosomiasis. Our next study
is intended to try to find a more sensitive model for
schistosomal patients with HCV coninfection, using
other simple noninvasive parameters to improve
the sensitivity of APRI score. Further research is
needed in this area to verify APRI or identify other
noninvasive markers that are reliable and feasible for
use in patients with HCV and other coinfection like
schistosoma.
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Abstract
AIM: To evaluate the use of translumenal pancreato
graphy with placement of endoscopic ultrasonography
(EUS)-guided drainage of the pancreatic duct.
METHODS: This study enrolled all consecutive patients
between June 2002 and April 2014 who underwent EUSguided pancreatography and subsequent placement of
a drain and had symptomatic retention of fluid in the
pancreatic duct after one or more previous unsuccessful
attempts at endoscopic retrograde cannulation of the
pancreatic duct. In all, 94 patients underwent 111
interventions with one of three different approaches: (1)
EUS-endoscopic retrograde drainage with a rendezvous
technique; (2) EUS-guided drainage of the pancreatic
duct; and (3) EUS-guided, internal, antegrade drainage
of the pancreatic duct.
RESULTS: The mean duration of the interventions
was 21 min (range, 15-69 min). Mean patient age
was 54 years (range, 28-87 years); the M:F sex ratio
was 60:34. The technical success rate was 100%,
achieving puncture of the pancreatic duct including
pancreatography in 94/94 patients. In patients
requiring drainage, initial placement of a drain was
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successful in 47/83 patients (56.6%). Of these, 26
patients underwent transgastric/transbulbar positioning
of a stent for retrograde drainage; plastic prostheses
were used in 11 and metal stents in 12. A ring drain
(antegrade internal drainage) was placed in three of
these 26 patients because of anastomotic stenosis
after a previous surgical intervention. The remaining
21 patients with successful drain placement had
transpapillary drains using the rendezvous technique;
the majority (n = 19) received plastic prostheses, and
only two received metal stents (covered self-expanding
metal stents). The median follow-up time in the 21
patients with transpapillary drainage was 28 mo (range,
1-79 mo), while that of the 26 patients with successful
transgastric/transduodenal drainage was 9.5 mo (range,
1-82 mo). Clinical success, as indicated by reduced
or absence of further pain after the EUS-guided
intervention was achieved in 68/83 patients (81.9%),
including several who improved without drainage, but
with manipulation of the access route.
CONCLUSION: EUS-guided drainage of the pancreatic
duct is a safe, feasible alternative to endoscopic
retrograde drainage when the papilla cannot be
reached endoscopically or catheterized.
Key words: Endoscopic ultrasonography; Endoscopic
ultrasonography-guided drainage of the pancreatic
duct; Endoscopic ultrasonography-guided transmural
pancreatography; Prospective, long-term, single-center
study; Plastic prosthesis; Metal stent; Clinical success;
Technical success
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasonography-guided drainage
of the pancreatic duct (EUPD) can be considered a safe
and feasible procedure and an alternative to surgical
intervention for a select group of patients. Currently,
EUPD remains an experimental clinical procedure, and
it should be performed only in experienced hands with
great expertise in interventional endoscopy/endoscopic
ultrasonography. Further studies are recommended,
perhaps in a multi-center design, to finally assess
the clinical value of EUPD and to determine general
selection criteria of patients for the procedure, as well
as criteria for the technical/clinical success.
Will U, Reichel A, Fueldner F, Meyer F. Endoscopic
ultrasonography-guided drainage for patients with symptomatic
obstruction and enlargement of the pancreatic duct. World J
Gastroenterol 2015; 21(46): 13140-13151 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i46/13140.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i46.13140

INTRODUCTION
Pain is the most frequent symptom in patients with

WJG|www.wjgnet.com

an obstructed and enlarged pancreatic duct, and is
associated with considerably reduced subjective wellbeing. Increased intraductal pressure is regarded as
the cause for the signs, symptoms, and complaints,
so the therapeutic response is based on attemp
ting endoscopic transpapillary drainage or surgical
[1,2]
intervention .
For patients with symptomatic obstruction and
enlargement of the pancreatic duct, in whom pancreatic
carcinoma can be excluded, or those with leakage
from a postoperative pancreatic fistula, transpapillary
endoscopic retrograde pancreatography (ERP),
including placement of a drain, has been established
[3-9]
as the gold standard of treatment
. In a certain
proportion of these patients, the papilla of Vater
(papilla) can be neither catheterized nor reached
endoscopically. Specifically, a catheter cannot be
introduced into the pancreatic duct via the major or
minor papilla in patients with either chronic pancreatitis
or pancreas divisum. Postoperatively, where the
anatomy in the upper abdomen/gastrointestinal
tract has been altered, e.g., after gastrectomy with
Roux-en-Y reconstruction or a Kausch-Whipple
procedure, the papilla or the anastomotic segment
of a hepaticojejunostomy can no longer be reached,
or cannot be easily reached via the conventional
endoscopic route. Other considerations include patients
with considerable perioperative risk factors, such as
comorbidities, advanced age, and others, in whom
recurrent invasive surgical interventions are necessarily
associated with considerable morbidity and mortality.
For these select groups of patients, or for patients who
refuse to undergo surgical intervention, endoscopic
ultrasonography (EUS)-guided internal drainage of the
pancreatic duct (EUPD) can be considered a novel,
[10-22]
alternative, therapeutic approach
.
The aim of this systematic single-center, obser
vational, clinical study was to reflect on our own
daily practice and analyze the indications, technical
feasibility, safety, and long-term clinical success of
this novel interventional endoscopic technique in
a representative number of patients. The primary
endpoints of the study were the technical and clinical
success rates. The secondary endpoint was the safety
of the approach, as characterized by the range and
frequency of adverse events and by interventionrelated mortality. In particular, we describe our own
procedural experiences in comparison with published
data from the literature. In addition, we discuss the
advantages and disadvantages of the procedure and
its relevance for routine clinical practice.

MATERIALS AND METHODS
Over a period of almost 12 years (June 2002 to April
2014), all consecutive patients with symptomatic,
retained pancreatic ducts after previous unsuccessful
ERP who underwent EUS-guided transgastric pancreato
graphy were enrolled in this systematic single-center,
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be reached endoscopically and the guide wire could be
advanced toward and through the papilla from inside
the ductal lumen, the echoendoscope was replaced
by a duodenoscope. The guide wire was gripped and
pulled out further, and then conventional ERP including
endoscopic papillotomy (EPT) and placement of a stent
was performed (Figure 1).

Table 1 Clinical and pathologic characteristics of 94 patients
who underwent endoscopic ultrasonography-guided drainage of
the pancreatic duct between June 2002 and April 2014 n (%)
Clinical/pathological characteristics
Patients, n
Age (yr), mean (range)
Sex ratio, M:F
Interventions, n
Duration of the procedure (min), mean (range)
Indication for EUS-guided pancreatography, n
Indication for EUS-guided drainage, n
Indication for EUPD, n
Chronic pancreatitis
Previous surgical intervention with fluid retention
in the pancreatic duct
Pancreas divisum
Disconnected pancreatic tail syndrome
Persistent postoperative fistula
EUPD, n
Success rate
Route of access (n = 47)
Transpapillary
Transgastric

Values
94
54 (28–87)
60:34
111
21 (15–69)
94
83
94
35 (37.2)
30 (31.9)
15 (16.0)
9 (9.6)
5 (5.3)
83
47 (56.6)
21 (44.7)
26 (55.3)

EUS: Endoscopic ultrasonography; EUPD: EUS-guided drainage of the
pancreatic duct.

observational, clinical study with prospective data
collection and retrospective evaluation. The indications
for which EUS-guided transgastric pancreatography
and drainage were carried out are listed in Table 1.
All interventions were performed by the same
endoscopist/endosonographer (Will U).
Patients were positioned lying on their left side
on a fluoroscopy table for undergoing EUS with a
therapeutic longitudinal scanner (EG 3270 United
Kingdom; Hitachi, Ltd., Chiyoda, Tokyo, Japan; or GFUCT 180; Olympus Corp., Shinjuku, Tokyo, Japan).
Peri-interventionally, ceftriaxone 2 g was given iv.
The pancreatic duct was identified by EUS imaging
and was punctured using a 19-G needle (Boston
Scientific Corp., Marlborough, MA, United States)
via a transgastric or transbulbar route, using the
shortest possible distance to minimize the potential
for complications. Despite the usually low amount of
pancreatic fluid in the duct, a sample of pancreatic
juice was obtained whenever possible, for routine
cytologic analysis (to check for pancreatic cancer) and
microbiologic study (for preparation of any antibiotic
therapy required according to the resistogram in the
presence of microbial colonization). After this, the
pancreatic duct was imaged by the administration of
contrast medium under fluoroscopy control (Figure
1). In addition, a 0.035-inch guide wire (Boston
Scientific Corp.) was introduced into the pancreatic
duct and advanced toward and through the papilla or
anastomosis.

For EUPD, three approaches were tried

EUS-ERP rendezvous technique: If the papilla could

WJG|www.wjgnet.com

EUS-guided drainage of the pancreatic duct:
If it was not possible to advance the guide wire
toward or through the papilla, or if the papilla could
not be reached using a duodenoscope (e.g., after a
previous surgical intervention including Roux-en-Y
reconstruction, Kausch-Whipple procedure, or a
pylorus-preserving cephalic pancreatoduodenectomy),
the guide wire was advanced into the pancreatic
duct as far as possible. Via the guide wire, access
to the pancreatic duct was created using Will’s highfrequency ring knife (MTW-Endoskopie, Wesel,
Germany) (Figure 2) and the duct was dilated with
a 6-mm dilatation balloon specific for the biliary tree
(Boston Scientific Corp.). The puncture site and the
direction and diameter of the pancreatic duct were the
relevant criteria for deciding on the type of prosthesis
that was finally placed. Correct positioning of the
drain was checked endoscopically by observing the
intralumenal end of the stent, and regular outflow of
contrast medium via the pancreatointestinostomy (or
pancreatoduodenostomy) was checked fluoroscopically
(Figure 3).
EUS-guided internal antegrade drainage of
the pancreatic duct: If advancement of the guide
wire through the stenosis succeeds but the papilla
(or anastomosis) cannot be reached endoscopically,
access is created using Will’s high-frequency ring knife
(MTW-Endoskopie). Using the ring knife, the stenotic
segment can be reached and dilated with a balloon
(6-12 mm). To keep the dilatation effect and further
“conditioning” of the channel that has been created,
pigtail drainage can be placed (Figure 4).
The implants that were available included: doublepigtail and straight plastic prostheses (diameter, 5-10
Fr; Amsterdam prosthesis, Medi-Globe, Achenmühle,
Germany), covered self-expanding metal stents
TM
(Boston Scientific Corp.), and AXIOS stents (diameter,
10-15 mm; Xlumena, Mountain View, CA, United
st
States). On the 1 postinterventional day, transa
bdominal ultrasonography was performed to document
correct stent location. Air within the pancreatic duct,
reduction of the ductal diameter, and/or reduced
secretion from the pancreatic fistula (in patients with
a fistula) were interpreted as indicating technically
successful drainage of the pancreatic duct.
All patients were followed up within 3-6 mo after
the intervention. In particular, any new onset of clinical
symptoms was assessed. The imaging criteria for
adequate drainage were a smaller-diameter pancreatic
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A

B

C

D

Figure 1 Patient with dilated pancreatic duct, recurrent pancreatitis, and pancreas divisum in whom endoscopic retrograde cholangiopancreatography
has failed. A: After endoscopic ultrasonography-guided puncture and administration of contrast medium, imaging of the pancreatic duct under fluoroscopic control
shows there is almost no outflow of contrast medium out of the minor papilla; B: The guide wire is advanced into the pancreatic duct and through and out of the minor
papilla; C: After changing to a duodenoscope, the guide wire was identified and an extending papillotomy was performed using a conventional technique; D: An
11.5-Fr. prosthesis is placed into the minor papilla, with subsequent adequate outflow of contrast medium.

RESULTS

Figure 2 Will’s high-frequency ring knife (MTW-Endoskopie, Wesel,
Germany). The inset top left shows the tip of the device, enlarged.

duct and air within the duct.
Each patient gave written informed consent prior to
the intervention. The study was performed according
to the recommendations of the 1964 Declaration
of Helsinki for Biomedical Research and its later
amendments, and according to the standards of the
Good Clinical Practice (GCP) and the guidelines of our
hospital’s institutional review board.
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From June 2002 to April 2014, 111 interventions were
performed in 94 patients with the intention of carrying
out EUS-guided transgastric pancreatography and
drainage. The mean patient age was 54 years (range,
28-87 years). Almost twice as many men as women
were enrolled (M:F = 60:34). The mean duration of
the procedure was 21 min (range, 15-69 min).
In all 94 patients, puncture of the pancreatic duct
including pancreatography was achieved (technical
success rate, 100%). However, in ten patients with
altered anatomy after previous surgical intervention,
no drainage was required because there was sufficient
flow of contrast medium through the anastomosis.
In one further patient, Histoacryl was injected into
the tail segment of the pancreatic duct as a primary
procedure because of disconnected pancreatic tail
syndrome and a recurrent symptomatic retention
cyst, which was drained transmurally during the same
endoscopic session. Postinterventionally, there were no
complications and the patient was discharged with no
further complaints. Unfortunately, this patient did not
return for clinical and imaging follow-up (Figure 5).
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A

B

C

D

Figure 3 Patient with recurrent episodes of severe chronic pancreatitis and manifested retention of fluid in the pancreatic duct against a background of
pancreatolithiasis in whom endoscopic retrograde cholangiopancreatography failed. A: Endoscopic ultrasonography-guided puncture of the clearly dilated
pancreatic duct; B: Pancreatography showed complete obturation of the pancreatic duct; C: After failure to advance the guide wire through and out of the papilla, a 10
mm × 10 mm AXIOSTM stent was released and the position of the intraductal part of the stent checked by endoscopic ultrasonography; D: The intragastric part of the
AXIOSTM stent with secreted opaque pancreatic juice flowing into the gastric lumen.

A

B

C

D

Figure 4 Patient with anastomotic stenosis and painful retention in the pancreatic duct after previous resection of the pancreatic head for a metastasis
of bronchial carcinoma. A: After endoscopic ultrasonography-guided puncture and pancreatography, retention of fluid in the pancreatic duct is revealed - there is no
flow of contrast through the stenotic anastomosis; B: The guide wire is advanced through the anastomotic stenosis; C: Balloon dilatation of the anastomotic stenosis
up to 8 mm; D: Transgastric implantation of a 7-Fr double-pigtail prosthesis as a so-called “ring drainage” (gastropancreatojejunostomy).
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EUS-guided interventions to the pancreatic duct
(in symptomatic retention of fluid in the pancreatic duct)
n = 94

Solitary pancreaticography
(prompt outflow of contrast media)
n = 10

Intention to drain (age of) the
pancreatic duct
n = 83

Technical success
(successful drainage at first attempt)
n = 47

Transgastric/-bulbar drainage
ring drainage
n = 26
(SEM, n = 12;
plastic prosthesis, n = 14)

Histoacryl injection into the tail segment
of pancreatic duct
n =1

First attempt at drainage fails
n = 36

Transpapillary drainage
(rendezvous technique),
n = 21
(SEM, n = 2;
plastic prostheses, n = 19)

Reintervention, n = 5
Fistulotomy, n = 12
Manipulation alone - guide wire, n = 3
Transpapillary balloon dilatation, n = 1

Perforation, n = 1
Unsatisfying course, n = 14

Emergency operation due to perforation, n = 1
Surgical intervention during clinical observation
period, n = 4
Conservative management
(analgesics; plexus blockade), n = 11

Clinical success, overall
n = 68

Figure 5 Overview of the endoscopic ultrasonography-guided interventions of the pancreatic duct performed at the Gera Municipal Hospital from June
2002 to April 2014. EUS: Endoscopic ultrasonography; SEM: Self-expanding metal stent.

In the remaining 83 patients in whom obstruction of
the pancreatic duct or anastomotic stenosis was found,
drainage of the duct was indicated. In all patients,
a minimum of two ERP attempts had been made
(range, 2-8), all of which failed. Successful placement
of drainage upon first attempt was achieved in 47/83
(56.6%) patients. Overall, 26 of the 47 patients
underwent transgastric/transbulbar positioning of a
stent, whereas in the other 21 patients, drainage was
through the papilla using the rendezvous technique. Of
the 26 patients undergoing translumenal (retrograde)
drainage, plastic prostheses were used in 11 and metal
stents in 12. The remaining three of these patients
received placement of a ring drain (antegrade internal
drainage) because of the presence of an anastomotic
stenosis after former surgical intervention. Of the 21
patients with transpapillary drainage, the majority (n
= 19) received plastic prostheses; only two received
covered self-expanding metal stents.
Of the 47 patients in whom primary placement of
drainage was possible, three underwent a total of six
reinterventions because of: (1) stent dislocations (n =
2); (2) stent occlusions (n = 2); or (3) unsuccessful
positioning of the drainage in a further intervention (n
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= 2).
The median follow-up time in patients who had
undergone placement of transpapillary drainage (n =
21) was 28 mo (range, 1-79 mo). In 8/21 of these
patients, the stent was minimally changed once
later during the clinical course. In 17/21 patients,
drains were removed during the postinterventional
time period. In 2/21 patients, prostheses were still
in situ postinterventionally. In 1/21 patients, there
was a spontaneous dislocation of the prosthesis, but
reintervention was not immediately carried out, as the
patient reported no complaints. One other patient of
the 21 could not be included in the postinterventional
follow-up investigation protocol, as he did not attend as
requested. The median postinterventional time during
which patients had no complaints after successful
transpapillary drainage was 12 mo. Interestingly,
in five patients, surgical intervention was required
because of underlying disease (chronic pancreatitis).
In six cases, further endoscopic interventions became
necessary because of recurrent complaints and
symptoms after removal of the prosthesis, and it
was possible to perform these via the conventional
route. In one patient, recurrent acute pancreatitis was
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Pain, retention of the pancreatic duct & ERC is not
possible - pancreatic carcinoma excluded

Papilla can not be reached endoscopically

Papilla can be reached
but not catheterized

Pancreas in situ
Roux-en-Y reconstruction
Previous B-II gastric resection
Previous gastroenterostomy

EUS-RT

Advancement of the guide
wire and conventional ERP

Suspected anastomotic
stenosis
Previous Whipple procedure
Previous pancreatico-jejunostomy

No advancement of the guide
wire through the stricture; DPTS
Disruption - pancreatic duct
Obturation of the duct

No indication for re-operation or primary surgical intervention

EUS-guided pancreaticogastrostomy

Antegrade interne drainage

EUS-guided pancreaticogastrostomy

Balloon dilatation
EUS-guided pancreaticoduodenotomy

Ring drainage (pig tail, cSEM)

Figure 6 Treatment algorithm for patients with symptomatic retention in the pancreatic duct. ERC: Endoscopic retrograde cholangiography; DPTS:
Disconnected pancreatic tail syndrome; EUS: Endoscopic ultrasonography; EUS-RT: EUS-guided rendezvous technique.

successfully managed with analgesics alone. In eight
patients, no postinterventional complaints, signs, or
symptoms occurred.
The 26 patients with successful transgastric/
transduodenal drainage did not undergo elective stent
change, as there were no complaints and recurrent
obstruction or enlargement of the pancreatic duct
was not detected. The median follow-up time of these
patients was 9.5 mo (range, 1-82 mo). In 15/26
patients, drainage was left in situ because they had no
complaints. In four subjects, spontaneous dislocation
of the prosthesis occurred; of these, three did not need
any further reintervention, as they had not reported
any further problems. In one patient, reintervention for
placement of ring drainage through the anastomotic
stenosis after former surgical intervention became
necessary. In seven patients, drainage was removed
later on; of these, two patients underwent surgical
interventions because of recurrent complaints, two
were successfully managed with analgesics, and
three were stable (no complaints) after formation of a
persistent fistula.
In total, 36/83 patients were not successfully
drained by the primary intervention (primary failure
rate, 43.4%) (Figure 5). In 5/36 patients, drainage
was achieved after reintervention; one patient with a
transpapillary plastic prosthesis, three patients with
transgastric retrograde drainage (plastic prosthesis, n
= 2; covered self-expanding metal stent; n = 1), and
one patient with a ring drain as antegrade internal
drainage. Three out of 36 patients showed distinct
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clinical improvement after guide wire manipulation at
the pancreatic duct only, despite the failure to achieve
placement of a drain (one patient had no problems
for 19 mo, one patient with chronic pancreatitis
underwent resection of the pancreatic head, and
one patient underwent a further intervention with
successful transpapillary drainage because of recurrent
complaints). One out of 36 patients reported a
reduction of signs and symptoms after balloon dilatation
only, following a previous unsuccessful attempt to place
a drain using the rendezvous technique.
One-third of the patients (12/36) in whom drainage
placement had failed showed clinical improvement
after additional manipulation at the transgastric access
site using a ring knife, combined - if required - with
additional balloon dilatation (n = 5). In two of the 12
patients, three reinterventions were necessary for
recurrent abdominal pain (including placement of a
ring drainage in one patient, and repeat manipulation
using a ring knife for a another patient following the
failed attempt at drainage placement). Three patients
were lost to follow-up. The remaining nine patients
developed no further problems in 52 mo.
A total of 15/36 patients had persistent complaints
after the failed intervention. One patient needed to
undergo urgent surgical intervention (suturing) because
of a perforation; this patient underwent resection
of the pancreatic head 6 mo later. Four patients
underwent the same surgical procedure during a
further clinical observation period. In four patients,
the procedure was converted to conventional ERP, and
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Table 3 Adverse events related to endoscopic ultrasonographyguided drainage of the pancreatic duct in 111 interventions
performed between June 2002 and April 2014 (n = 24)

Table 2 Comparisons of endoscopic ultrasonography-guided
drainage of the pancreatic duct performed before and after
introduction of Will’s HF ring knife into clinical endoscopic
practice n (%)

n

Adverse event
Intervention period

Clinical
success

Reinterventions

Adverse
events

Before introduction of ring
knife (n = 35)
After introduction of ring
knife (n = 48)

25 (71.4)

11 (31.4)

14 (40.0)

43 (89.6)

6 (12.5)

11 (22.9)

this led to reduced complaints during a 60-mo followup. The remaining six patients were treated either
conservatively (analgesics for symptom control) or
using interventional endoscopy (plexus blockade).
Clinical success, as indicated by the reduction or
elimination of pain after the EUS-guided intervention,
was achieved in 68/83 patients (success rate, 81.9%).
For a better clinical success rate, the following
technical point may play a substantial role. The most
frequent cause for unsuccessful drainage placement is
failure to advance the guide wire, or else dislocation of
the guide wire, because of the difficulty of the access
route. By optimizing (“conditioning”) the access route
using a ring knife and - if required - additional balloon
dilatation, a more stable access route can be created,
facilitating interventions toward/in the pancreatic duct.
In addition, fistulotomy alone as the only result of
manipulation, even without subsequent placement of
drainage, can lead to clinical improvement. Thus, our
clinical success rate improved by 20% after the ring
knife was introduced to optimize the access route, and
marked reductions in the number of reinterventions
and adverse events were also seen (Table 2). This
needs further thoughtful investigation.
The median follow-up observation time was 15 mo
(range, 1-94 mo); in drainage patients alone it was
9.5 mo (range, 1-82 mo). In total, 17 reinterventions
were required for the following reasons: pain (n =
3); stent dislocation (n = 3); stent occlusion (n =
2); and technical problems (n = 9). In addition, one
patient needed urgent surgical intervention because
of perforation, two patients died of malignant disease
(tonsillar carcinoma, n = 1; cancer of unknown
primary, n = 1), and two patients had metastasized
bronchial carcinoma.
Overall, 12 patients underwent surgical intervention
for their underlying disease (chronic pancreatitis).
No pancreatic cancer was found after EUPD, and
thus, can be ruled out as a cause of obstruction and
enlargement of the pancreatic duct, and considered as
an indication for performing EUPD.
Adverse events occurred in 24/111 (21.6%)
interventions (Table 3). Of these, bleeding occurred in
six patients; in one patient it stopped spontaneously;
whereas it was controlled by epinephrine injection
and/or clip application in four patients. In one patient,

WJG|www.wjgnet.com

Major
Perforation
Abscess
Intermediate
Bleeding
Moderate pancreatitis
Abscess
Perigastric fluid
Ulcer caused by pressure
Aspiration
Minor
Perigastric fluid
Retention cyst

1
1
6
6
3
2
2
1
1
1

bleeding that led to a large hematoma needed to be
externally drained. Moderate pancreatitis occurred in six
patients, all of whom improved (no further symptoms)
with conservative treatment (e.g., infusion therapy,
analgesics). Four patients developed an abscess;
internal drainage was placed in two, and external
drainage in one, whereas one abscess was drained
laparoscopically. Perigastric fluid collections were found
in three patients. Conservative antibiotic treatment
was successful as indicated by the fact that the fluid
collections then reabsorbed spontaneously. One
patient needed to undergo urgent surgical intervention
because of a perforation. In another patient, a retention
cyst occurred after the intervention. No further
treatment was necessary because no symptoms were
caused. In one patient, aspiration occurred during the
intervention, but no operation was necessary as suction
and antibiotic therapy prevented any further problems.
Two patients with pain had pressure-associated ulcers.
After endoscopic shortening of the covered selfexpanding metal stents with argon plasma coagulation,
the patients had no further complaints. Taken together,
there were 2 severe, 20 intermediate, and 2 minor
adverse events. There was no intervention-related
death (mortality, 0).

DISCUSSION
The main cause of pain in patients with benign
retention of fluid in the pancreatic duct is intraductal
[1,2]
hypertension . Most frequently, chronic pancreatitis
with inflammatory stenosis of the duct (ductal system),
obstructions due to pancreatolithiasis and pseudocysts,
or rupture of the pancreatic duct are the main cause. In
addition, inflammatory stenosis of the papilla, anatomic
variants (e.g., pancreas divisum), and anastomotic
stenosis after previous surgical intervention can lead
to obstruction and enlargement of the pancreatic
duct. The aim of all types of treatment is, therefore, to
lower the intraductal pressure, whether by endoscopic
techniques or surgical intervention, to create a draining
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Table 4 Results of endoscopic ultrasonography-guided
drainage of the pancreatic duct - chonological order
Ref.

n

Technical
success (%)

Clinical
success (%)

Adverse
events (%)

Mallery et al[17], 2004
Will et al[20], 2007
Kahaleh et al[15], 2007
Tessier et al[19], 2007
Brauer et al[11], 2009
Barkay et al[10], 2010
Ergun et al[12], 2011
Will et al[21], 2011
Shah et al[18], 2012
Kurihara et al[16], 2013
Fuji et al[13], 2013
Will et al[22], 2013

4
14
13
36
8
21
20
65
25
14
45
84

25
69
76
92
88
48
90
60
88
88
74
59

ND
78
69
69
50
100
72
74
ND
ND
83
78

25
15
15
14
0
10
19
15
16
6
6
18

ND: No data

effect in the pancreatic duct. However, pain has a
multifactorial background. While increased intraductal
pressure is probably an important factor, it is important
to avoid attributing all pain to intraductal pressure
alone.
Endoscopic and surgical measures allow success
[23-26]
rates from 70% to 90% to be achieved
. In this
context, ERP as a minimally invasive procedure
is considered the gold standard versus surgical
intervention. However, conventional ERP has limitations
in cases where the papilla cannot be reached (due
to previous surgical interventions) or a guide wire/
catheter cannot be introduced. Until now, this has
led to surgical intervention as the only remaining
therapeutic option. Now, however, a novel alternative
to avoid surgical intervention as the last option is
EUPD.
Before EUPD is attempted, malignant tumor
growth must be definitively ruled out as a cause of the
obstruction and enlargement of the pancreatic duct.
If there is any doubt, explorative laparotomy and if required - surgical resection are recommended to
resolve symptomatic obstruction and enlargement of
[12]
the pancreatic duct. In three studies, 3/20 (15%) ,
[19]
[13]
4/36 (11%) , and 2/45 (4%)
patients were
diagnosed with malignant tumor growth. In our own
group of patients, no pancreatic cancer was found
after EUPD. However, in patients in whom symptoms
persist after EUPD, early surgical intervention should
be carried out.
In performing EUPD, there are basically three
options (Figure 6): (1) if the papilla can be reached
endoscopically but the catheter cannot be introduced,
a rendezvous procedure should be used; (2) if the
papilla cannot be reached endoscopically, transgastric
or transbulbar drainage with ante- or retrograde
outflow should be created; and (3) alternatively, if
the papilla cannot be reached but the stenotic ductal
segment can be passed, internal antegrade drainage
can be placed in the form of “ring drainage”.
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In the available studies, pancreatography was
achieved in almost 100% of cases, as also in the
present study; however, the technical success rate
varied - sometimes due in part to low case numbers
[10-22]
- ranging between 25% and 92%
(Table 4). The
most frequent cause of failed transgastric drainage is
the difficulty of the puncture route; for example, often
the guide wire cannot be advanced because of fibrotic
changes in the pancreatic parenchyma, or because
the guide wire dislocates. Using a high-frequency
diathermy knife, balloons, bougies, or retrievers, it
is usually possible to “stabilize” the access route,
giving easier access and making intervention in the
pancreatic duct possible. In the present authors’ own
experience, the introduction of Will’s ring knife (MTWEndoskopie) into clinical endoscopic practice has led
to a marked rise in the clinical success rate (up to
90%) and, simultaneously, to a fall in the number of
reinterventions (from 31% down to 12%), as well as
in the adverse event rate (40% down to 22%). In
addition to the technical elements, the experience of
[13]
the investigator is one of the most important factors .
For this reason, EUPD should only be carried out in
centers with great expertise in ERCP and interventional
EUS.
Clinical long-term success rates ranging from
50% to 100% have been reported in the available
[10-22]
literature
(Table 4). The enormous difference
in rates can be explained by the variability of case
numbers, which, in some studies, were low. Because of
the heterogeneity of the patient groups, it is not really
possible to compare the treatment results. However,
the success rate of EUPD is comparable to those of ERP
[23-26]
or surgical intervention
, as achieved in this study.
In our own group of patients, stents were routinely
changed only in patients with transpapillary drainage
in order to avoid stent-induced strictures of the
[27,28]
pancreatic duct as reported in the literature
.
Elective stent change was not regularly scheduled
in patients with transgastric drainage; if the patient
was free of complaints, signs, and symptoms, and if
postinterventional imaging showed characteristics of
adequate drainage (e.g., the pancreatic duct no longer
showed obstruction/enlargement, the duct’s caliber
was small, and air bubbles were seen within it), the
stent was left in situ.
Stent-associated changes of the pancreatic duct
have not yet been observed. Whether a regular
change of the stent in case of no complaints is
necessary at all is still a matter of debate. Greater case
numbers and a long-term follow-up time period for
postinterventional observation are required to clarify
this point. In a certain proportion of patients (14%;
12/83), sole manipulation at the transgastric access
route using a ring knife - in part combined with balloon
dilatation - can result in clinical improvement. This can
be explained by formation of a chronic fistula or of a
neo-ostium, through which overshooting intraductal
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pressure can be drained. Even after a longer time
period of transgastric drainage in situ, a persisting
pancreatogastric fistula could still be found after
removal of the prosthesis. Whether sole fistulotomy
or a temporary stenting can be sufficient, and which
factors are the most important, cannot be clarified at
present.
Adverse event rates reported in the literature have
[10-22]
ranged from 14% to 25%
(Table 4). So far, no
intervention-related death has been reported. Reported
adverse events include bleedings, perforations,
pancreatitis episodes, and the formation of pseudocysts,
all of which were successfully managed conservatively
(pancreatic enzyme replacement therapy, analgesics) or
by interventional endoscopy.
The strengths of the present study are that it
includes the largest number of patients in any published
study on EUPD so far, excludes inter-endoscopist
variability (depending on perspective, this can be also
regarded as a limitation - see below), and reports no
intervention-related deaths, indicating appropriate
patient selection.
The limitations of the study relate to the incomplete
follow-up, the single-center study design and,
associated with this, the fact that the experience is
that of one single endoscopist.
This study supplies further strong support for
EUPD as a safe and practicable procedure that is
steadily becoming more established in the daily clinical
endoscopic practice of therapeutic EUS. However, it
should still be carried out in multidisciplinary centers
that provide the back-up possibility of abdominal
surgery.
In conclusion, the place of EUPD in the spectrum
of therapeutic options for approaching symptomatic
obstruction and enlargement of the pancreatic duct
cannot be satisfactorily and finally answered at the
present time. In the light of current experience, EUPD
can be regarded as: (1) a safe and feasible procedure
for a select group of patients (in terms of age,
comorbidities, altered anatomy after previous surgical
intervention, disconnected pancreatic tail syndrome,
persistent postoperative fistula, or refusal to undergo
further surgical intervention); and (2) an alternative
to surgical intervention. Given the limited number of
[3-9]
cases in the majority of studies , it is not currently
possible to adequately compare EUPD with established
procedures and approaches (such as ER[C]P and
surgical intervention) with regard to adverse events
and technical or long-term clinical success.
Currently, EUPD is still an experimental clinical
procedure and should be performed only by experienced
endoscopists with great expertise in interventional
endoscopy and EUS. Further prospective studies and, in
addition, greater numbers of cases and studies (possibly
of multicenter design) are needed to validate and
assess technical and clinical success, as well as to allow
general recommendations as to which patients are likely
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to benefit most from EUPD.

COMMENTS
COMMENTS
Background

For patients with symptomatic obstruction and enlargement of the pancreatic
duct, in whom pancreatic carcinoma can be excluded, or those with leakage
from a postoperative pancreatic fistula, transpapillary endoscopic retrograde
pancreatography (ERP) including placement of a drain has been established as
the gold standard of treatment. In particular, increased intraductal pressure is
regarded as the cause of signs, symptoms, and complaints, so the therapeutic
response is based on attempting endoscopic transpapillary drainage or even
surgical intervention.

Research frontiers

Endoscopic ultrasonography (EUS)-guided transluminal pancreatography with
following internal drainage of the pancreatic duct (EUPD) can be considered
a novel alternative therapeutic approach in a certain proportion of patients,
including: (1) those in whom the papilla of Vater (papilla) can be neither
catheterized (due to chronic pancreatitis or pancreas divisum) nor reached
endoscopically (if the anatomy in the upper abdomen/gastrointestinal tract
has been altered postoperatively - e.g., after gastrectomy with Roux-en-Y
reconstruction, Kausch-Whipple procedure or hepaticojejunostomy); (2) there
are considerable perioperative risk factors (comorbidities, advanced age); or (3)
patients who refuse to undergo surgical intervention.

Innovations and breakthroughs

The aim of this systematic, single-center, observational, clinical study was
to reflect on our own daily practice and analyze the indications, technical
feasibility, safety, and long-term clinical success of this novel, interventional,
endoscopic technique in a consecutive patient cohort. The primary endpoints
of the study were the technical and clinical success rates. Secondary endpoint
was the safety of the approach as characterized by the range and frequency of
adverse events, and by intervention-related mortality. From the authors’ point
of view, EUPD can provide excellent technical and acceptable clinical success
rates even in the mid-term time period based on our own initial procedural
experiences in comparison with published data from the literature. Derived from
this and based on a large representative number of patients, the advantages
and disadvantages of the procedure and the relevance for routine clinical
practice can extensively be discussed.

Applications

EUPD is a safe, feasible, alternative approach to ERP for a select group of
patients (in terms of age, comorbidities, altered anatomy after previous surgical
intervention, disconnected pancreatic tail syndrome, persistent postoperative
fistula, or refusal to undergo further surgical intervention), and an alternative to
surgical intervention, but it can only be performed by experienced interventional
endoscopists/-sonographers in centers with great expertise in therapeutic EUS,
as it is still considered an experimental clinical procedure.

Terminology

ERP/ERCP is regarded as the gold standard for symptomatic therapy in
patients with chronic pancreatitis. EUS-guided transluminal pancreatography
with following internal drainage of the pancreatic duct can be considered a
novel, minimally invasive technique of interventional endoscopy/EUS and
therapeutic alternative for ERCP or even surgical intervention where (1) the
anatomy of the upper gastrointestinal tract has been altered by previous
surgery; (2) the patient’s surgical risk is high; or (3) the patient has withheld
consent.

Peer-review

The place of EUPD in the spectrum of therapeutic options for approaching
symptomatic obstruction and enlargement of the pancreatic duct cannot be
satisfactorily and finally answered at the present time. In the light of current
experience, EUPD can be regarded as a safe and feasible procedure (studyspecific results: total, n = 94 patients; procedures, n = 111; technical success
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rate for pancreatography and drainage, 100% and 56.6%, respectively; adverse
event rate, 21.6%; no intervention-related death) for a select group of patients.
EUPD deserves further systematic investigation and analysis in studies,
possibly with a multicenter design, which needs to include an assessment of
the subgroup of patients in whom this treatment is indicated before this novel
therapeutic technique can be finally validated and recommended. For example,
patients who have previously undergone gastrointestinal surgery or those in
whom the papilla cannot be reached endoscopically or catheterized due to
severe changes caused by chronic pancreatitis may be, in particular, suited to
EUPD. Given the limited number of cases in the majority of studies, adequate
comparison of EUPD with established procedures and approaches (such as
ERCP and surgical intervention) with regard to adverse events or technical
and long-term clinical success is not possible at present. Further prospective
studies and, in addition, greater numbers of cases, are needed to validate and
assess the technical and clinical success with this procedure, as well as to
allow general recommendations as to which patients are likely to benefit most
from EUPD.
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Abstract
AIM: to compare robotic and three-dimensional (3D)
laparoscopic colectomy based on the literature and our
preliminary experience.
METHODS: This retrospective observational study
compared operative measures and postoperative
outcomes between laparoscopic 3D and robotic
colectomy for cancer. From September 2013 to
September 2014, 24 robotic colectomies and 23
3D laparoscopic colectomy were performed at our
Department. Data were analyzed and reported both by
approach and by colectomy side. Robotic left colectomy
(RL) vs laparoscopic 3D left colectomy (LL 3D) and
Robotic right colectomy (RR) vs laparoscopic 3D (LR
3D). Rectal cancer procedures were not included.
RESULTS: There were 18 RR and 11 LR 3D, 6 RL and
12 LL 3D. As regards LR 3D, extracorporeal anastomosis
(EA) was performed in 7 patients and intracorporeal
anastomosis (IA) in 4; the RR group included 14 IA
and 4 EA. There was no mortality. Median operative
time was higher for the robotic group while conversion
rate (12.5% vs 13%) and lymph nodes removed (14 vs
13) were similar for both. First flatus time was 1 d for
RR and 2 d the other patient groups. Oral intake was
resumed in 1 d by LR and in 2 d by the other patients
(p = 0.012). Overall cost was €4950 and €1950 for RL
and LL 3D, and €4450 and €1450 for RR and LR 3D,
respectively.
CONCLUSION: There were no differences between
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RR and LR 3D, except that IA was easier with RR, and
probably contributed with the learning curve to the
longer operative time recorded. Both techniques offer
similar advantages for the patient with significantly
different costs. In left colectomies robotic colectomy
provided better outcomes, especially in resections
approaching the rectum.
Key words: Three-dimensional vision systems; Robotic
surgery; Laparoscopic surgery; Colectomy; Costs;
Short-term outcomes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Three-dimensional (3D) vision systems
(Robotic and 3D laparoscopy) have been applied
recently in the field of general colorectal surgery. They
have brought a lot of benefits not only for the surgeon
but also for the patient. However the robotic technique
is very expensive, and no study has been published
comparing these two techniques. Here, we compared
robotic colorectal surgery to 3D laparoscopic with
respect to short term outcomes and costs.
Guerrieri M, Campagnacci R, Sperti P, Belfiori G, Gesuita R,
Ghiselli R. Totally robotic vs 3D laparoscopic colectomy: A
single centers preliminary experience. World J Gastroenterol
2015; 21(46): 13152-13159 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i46/13152.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i46.13152

INTRODUCTION
Laparoscopy has been a reliable approach for colon
[1,2]
cancer surgery for a number of years . Technological
advances have introduced significant improvements.
Currently available technologies include robotically
assisted surgery, three-dimensional (3D) vision,
computer graphics, 4k laparoscopic systems, and
[3]
other methods . 3D surgical imaging systems provide
stereoscopic depth information that conventional 2D
display systems cannot supply. Stereoscopic projection
technology improves the performance, proficiency,
[4,5]
as well as teaching of minimally invasive surgery .
Robotic systems derive from military medical research
directed at improving procedure feasibility, safety and
[6,7]
efficacy . Since their introduction they have been
applied to several surgical specialties, to overcome
[6]
the inherent limitations of laparoscopy . The main
advantages of robotic systems include high-definition
3D vision, magnification up to 10 ×, and an endowrist with 360° range of movement. However, reports
[7-10]
of robotic colectomy (RC) involve small series
, and
there are no studies comparing laparoscopic colectomy
(3DLC) to RC. According to the literature, either
approach enhances surgeon performance; however,
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it is still unclear whether they also involve advantages
for the patient. The aim of this study was to compare
the benefits, short-term outcomes, and cost of 3DLC
and RC.

MATERIALS AND METHODS
Study population

From June 2013 to September 2014, 47 of the colon
cancer procedures performed at our Department
used a minimally invasive 3D vision technique. For
all patients, demographics, pathological examination,
operative details and postoperative outcomes were
retrospectively collected and analyzed.

Surgical procedure

Patient assignation to robotic colectomy or 3D
laparoscopic colectomy depended exclusively on
equipment availability. All procedures were performed
by two skilled laparoscopic surgeons, that performs
almost 200 laparoscopic operations per year, who had
performed at least 100 3D laparoscopic procedures
and who had recently begun using the robotic
equipment. Right colectomy was defined as the
procedure that involves removing the cecum, the
ascending colon, the hepatic flexure, the first one third
of the transverse colon and part of the terminal ileum
along with fat and lymph nodes. Left colectomy was
defined as the procedure that involves removing of the
distal transverse colon, descending colon and sigmoid
colon with colorectal anastomosis. Rectal cancer
procedures were excluded because of their complexity
while surgeons are in their learning curve.

Perioperative management

Post-operative management of patients included a
specific fast track protocol. An early mobilization and
an early re alimentation was guaranteed as soon
as possible according to patients condition and cooperation. No patient was discharged earlier than 5 d
as the local health care system does not provide home
assistance.

Statistical analysis

The benefits, short-term outcomes, and cost of 3D
laparoscopic colectomy and robotic colectomy were
examined and compared. A retrospective analysis of all
data was performed. Since right and left colectomy are
technically different procedures, data were analyzed
both in terms of approach used and of colectomy side
(Figure 1). For the quantitative values the median was
st
calculated as a measure of centrality and the 1 and
rd
3 quartiles as a measure of variability. The qualitative
values were expressed as actual values and percentage.
Data were divided into right and left colectomies. The
Wilcoxon test for independent samples was applied to
2
the quantitative values and the χ test and Fisher’s test
to the qualitative values. Statistical significance was
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Robotic left
N° 6
RL

Robotic
colectomy
N° 24

Robotic right
N° 18
RR

Colectomy
N° 47

vs

Right
laparoscopic 3D
N° 11
LR 3D

Laparoscopic
colectomy 3D
N° 23

vs

Left
laparoscopic 3D
N° 12
LL 3D

Figure 1 Study design. RL: Robotic left colectomy; LL: Laparoscopic left colectomy.

body mass index and were not significantly different in
terms of disease stage, ASA class, or previous surgery.
Patients underwent 18 right robotic colectomy (RR), 11
right 3D laparoscopic colectomy (LR 3D), 6 left robotic
colectomy (RL), and 12 left laparoscopic colectomy
(LL 3D) (Figure 1). As regards LR 3D, extracorporeal
anastomosis (EA) was performed in 7 patients and
intracorporeal anastomosis (IA) in 4; the RR group
included 14 IA and 4 EA. The benefits, short-term
outcomes, and cost of laparoscopic 3D colectomy and
robotic colectomy are analyzed and reported by side
and technique.

Table 1 Qualitative and quantitative characteristics of left
colectomies n (%)

Gender
Male
Female
Anastomosis
Extracorporeal
Intracorporeal
Conversions
Complications
Pain medications
Age1
BMI1
Overall time1 (min)
Surgical time1 (min)
Anesthesia time1
(min)
Hospital stay1 (d)
Solid food1 (d)
First flatus1 (d)
Mobilization1 (d)
Lymph nodes
removed1
Duration of pain
medications1 (d)
DRG1

RL (n = 6)

LL 3D (n = 12)

P value

1 (16.7)
5 (83.3)

5 (41.7)
7 (58.3)

0.600

1 (16.7)
5 (83.3)
2 (33.3)
1 (16.7)
5 (83.3)
65 (63-72)
26 (23-28)
175 (146-196)
114 (99-149)
159 (133-176)

4 (33.3)
8 (66.7)
1 (8.3)
1 (8.0)
9 (75.0)
66 (57-74)
27 (26-29)
167 (144-186)
113 (94-130)
153 (118-166)

0.615
0.245
1.000
1.000
0.708
0.353
0.672
0.707
0.605

6 (6-9)
1 (1-2)
2 (1-5)
2 (1-2)
13 (9-15)

6 (6-9)
2 (2-2)
2 (1-4)
1 (1-2)
13 (9-16)

0.526
0.012
0.567
0.610
0.189

3 (2-4)

2 (1-2)

0.316

7326 (7326-10570)

7326 (7326-11660)

0.911

Left colectomy

1

Median (1st-3rd quartile). RL: Robotic left colectomy; LL: Laparoscopic left
colectomy; BMI: Body mass index; DRG: Disease related group.

set at α < 0.05. The IBM SPSS Statistics program was
used for all analyses.

RESULTS
Patients were 24 men and 23 women with a mean age
of 68 years. There were 24 robotic colectomy and 23
3D laparoscopic colectomy. The robotic colectomy and
laparoscopic 3D groups were of comparable age and
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Operative results: As regards the 18 left colectomies
- 6 RL and 12 LL 3D - there were no significant
differences between patients in terms of operative
results such as operative time, intraoperative blood
loss, complications and number of lymph nodes
removed. These data are reported in Table 1 and
Figure 2. The conversion rate was higher in RC, albeit
without significant differences: 2 RC were converted
to 2D laparoscopy and one 3DLC to open surgery. EA
was performed in 4 LL and 1 RL patient; in the other
cases the Knight Griffen method was adopted. Median
operative time was 100 min for RL and 167 min for LL.
Postoperative results and complications:
Postoperative results were comparable in terms of
amount of pain medications, first passage of flatus,
mobilization, hospital stay or disease-related group
(DRG). The 6 RL patients began to eat solid food
significantly earlier (p = 0.012) than the 12 LL patients
(median 1 d vs 2 d). The only complication in RL was
an anastomotic leakage that was treated with reintervention; the sole complication in the LL group
was an abdominal abscess that was treated with
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Figure 2 Left colectomy: Surgical time, oral intake, complications, and disease related group.

percutaneous drainage.
Costs: The two left colectomies fall under the same
DRG despite the fact that their cost at discharge may
vary due to possible complications and hospital stay.
The cost of RC was higher. In fact, even excluding
equipment purchase and maintenance costs, RL cost
€4950 and LL cost €1950.

Right colectomy

Operative results: As regards the right colectomies,
there were 18 RR and 11 LR. There were no significant
differences between these patients in terms of operative

WJG|www.wjgnet.com

results such as intraoperative blood loss and number
of lymph nodes removed. These data are reported in
Table 2 and Figure 3. Median operative time was 173
min for RR and 145 min for LR; the difference was
significant (p = 0.006). One RR and 2 LR required
conversion to open procedures, and the difference was
not significant. All conversions involved patients with
previous abdominal surgery. IA were 14 in RR and 4 in
LR; the remaining 11 patients had EA performed with
a mechanical suture technique.
Postoperative results and complications:
Postoperative results were comparable in terms
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Table 2 Qualitative and quantitative characteristics of right
colectomies n (%)
RR (n = 18)
Sex
Male
Female
Anastomosis
Extracorporeal
Intracorporeal
Conversions
Complications
Pain medication
Age1
BMI1
Overall time1 (min)
Surgical time1 (min)
Anesthesia time1 (min)
Hospital stay1 (d)
Solid food1 (d)
First flatus1 (d)
Mobilization1 (d)
Lymph nodes removed1
Duration of pain
medication1 (d)
DRG1

LR 3D (n = 11) P value

9 (50)
9 (50)

9 (81.8)
2 (18.2)

0.187

4 (22.2)
14 (77.8)
1 (5.6)
3 (16.7)
11 (61.1)
74 (57-80)
26 (24-28)
173 (156-189)
130 (106-139)
155 (134-164)
5 (5-7)
2 (2-3)
1 (1-3)
2 (1-2)
14 (8-20)
1 (0-2)

7 (63.6)
4 (36.4)
2 (18.2)
4 (36.4)
6 (54.5)
65 (59-75)
26 (23-28)
145 (130-155)
100 (95-120)
125 (118-140)
5 (5-10)
2 (2-2)
2 (2-4)
1 (1-2)
14 (9-20)
1 (0-2)

0.070

7326 (7326-7326) 7326 (7326-9492)

0.649
0.449
0.449
0.559
0.654
0.006
0.033
0.008
0.723
0.137
0.927
0.345
0.829
0.832
0.588

1

Median (1st-3rd quartile). RL: Robotic left colectomy; LL: Laparoscopic left
colectomy; BMI: Body mass index; DRG: Disease related group.

of hospital stay, complications, amount of pain
medications, first flatus time, mobilization and
time until tolerance of solid food. Three RR patients
had anastomosis bleeding that was managed with
transfusion, since all had roughly 10 g/dl hemoglobin
before surgery. As regards LR, one patient had
postoperative bleeding that required transfusion and
another had wound dehiscence.
Costs: These two operations also fall under the same
DRG, despite their different final cost at discharge. The
cost of the procedure was €4450 for RR and €1450 for
LR.

DISCUSSION
Since its introduction, robotics surgery has been
proved to be a safe and effective technique for various
[8,10,11]
procedures, including complex ones
. The first
RC for colorectal cancer was performed almost 14
[12]
years ago . Since then the technology has spread
widely, and results have been published by several
[10,13-15]
groups
. However, most of the studies assessing
the benefits of robotic surgery have compared it
[16-18]
to open surgery, not to laparoscopy
. The main
advantages of robotic surgery have been documented
[7]
in gastrectomy and colorectal resections . The few
studies comparing robotic and (2D) laparoscopy found
similar benefits, but a higher cost and longer operative
time for the former technique. Finally, there are no
studies comparing robotic and 3D laparoscopy. Two
ongoing randomized trials, the ACOSOG Z6051 and
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the ROLARR (Robotic vs Laparoscopic Resection for
Rectal cancer) are evaluating RC and 3DLC. While
awaiting their findings, laparoscopy remains the
optimal approach in terms of patient outcomes and
[19]
use of healthcare resources . Where the oncological
results are concerned, the robot likely performs
superior total mesorectal excisions (TME) in a narrow
[20]
and deep space . With regard to surgeon benefits,
[21]
a multicenter study by Pigazzi et al
found an
interesting 97% survival rate 3 years after robotic TME.
The literature suggests that there are no significant
differences in the other oncological measures between
the two techniques, thus confirming the safety of
[22]
robotic surgery . The majority of studies refer mainly
to rectal cancer or colorectal cancer and there is poor
evidence in the literature concerning colon cancer
alone.
Despite the small sample, our data agree with
the above reports; for instance the number of lymph
nodes removed was similar for both approaches in all
resections. None of the short-term outcomes evaluated
in our study were significantly different, except the
interval until solid oral intake, which was 1 d for RL and
2 d for all the other procedures (p = 0.012). Operating
time was significantly longer between RR and LR 3D (p
= 0.006) (median 173 min vs 145 min). This is easily
explained by the higher rate of IA in the RR compared
with the LR 3D group (14 vs 4).
Some studies have suggested that in RR patients
IA may result in superior postoperative outcomes and
[23,24]
lower extraction site morbidity, such as herniation
.
Moreover, a hand-sewn laparoscopic IA is quite complex
to perform: this part of the procedure is enhanced
by the robot, which provides considerable benefits,
especially in the case of obese patients with a short and
[24]
heavy mesentery . The shorter RC incision is also an
advantage, especially to the extent that it reduces the
[25]
risk of wound infection . Nevertheless, the feasibility
of robotic surgery needs further evaluation.
Despite these advantages, the price of robotic
equipment is a problem for stressed western
economies. Previous publications have described the
poor cost-effectiveness of RC. Other studies have
stressed that the steep purchase cost is accompanied
by expensive dedicated disposable instruments and
[19]
tools . In our experience and according to the
literature, RC costs almost three times as much as
3DLC procedure even without factoring in the purchase
[26,27]
cost
. Our study provides no clear evidence of post
operative benefits that would help offset such greater
[19]
cost . 3D vision is one of the main advantages of
robotics technology, but based on our data 3DLC
provided similar short-term outcomes at a lower cost.
However, the present study refers to a preliminary
experience and has several limitations. Most impor
tantly, this was a retrospective study and with a small
sample size. In addition, results can be influenced
by surgeon being in their learning curve of robotic
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Figure 3 Right colectomy: Surgical time, oral intake, complications, and disease related group, and type of anastomosis.

surgery. The lack of high quality data in literature in
this field demonstrates the need for randomized clinical
trials.
Why then should we invest in this new technology?
For example, the United Kingdom has adopted an
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integrated national teaching program to extend
laparoscopic surgery, including 3D laparoscopy,
instead of RC technology, to achieve a more efficient
[28]
and effective use of healthcare resources . Yet
robotic should be viewed as the natural evolution of
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laparoscopy, even though its indications are still to be
defined. Robotics surgery overcomes the limitations of
[29,30]
laparoscopy, also by reducing the conversion rate
[19]
and improving nerve function . The current state of
healthcare resources suggests that 3D laparoscopy
should be extended to treat the majority of patients
with colon cancer, but it should be stressed that RC
provides an opportunity to develop the technology
further with the same safety profile and efficiency
[31]
of treatment. Finally, a Dutch study
suggests that
evaluation of a new technology should take into account
its affordance. The Affordances approach “can capture
empirically the contextual dynamics of technology
adoption in health care by exploring in depth actor’s
interaction with the technology while considering the
interpretative spaces created in situation of use. This
is the best way to elicit real-life values of innovations,
values as defined through the eyes of the (potential)
[31]
users” . According to this approach, robotics surgery
is both rational and inevitable.
Further evaluation is required to establish the
clinical benefits and real cost of RC before its intro
duction into routine practice. The two techniques
fall under the same DRG despite the fact that RC is
more expensive. This currently limits its use to cases
where laparoscopy is least effective and RC provides
real advantages to patients, but this requires further
comparative studies. Robotics should be considered as
the logical evolution of laparoscopy. The only way to
develop it is to use it.

where significant advantages exist according to the literature and robotics
should be adopted. The authors suggest that economic resources should be
more properly invested to extend laparoscopic surgery, especially 3D rather
than robotics, in the field of colon cancer. Nowadays robotic colectomy provides
an opportunity to develop the technology further with the same safety profile
and efficiency of treatment.

Terminology

Currently available technologies include robotically assisted surgery, 3D vision,
computer graphics, 4k laparoscopic systems, and other methods. 3D surgical
imaging systems provide stereoscopic depth information that conventional 2D
display systems cannot supply. Stereoscopic projection technology improves
the performance, proficiency, as well as teaching of minimally invasive surgery.

Peer-review

To date, no study has compared 3D laparoscopic surgery with Robotics in
the field of colorectal surgery. This study evaluated the short outcomes of
Robotic vs laparoscopic 3D surgery in colorectal cancer checking, as well as
its economic feasibility. These findings could be applied in clinical practice
right away. They are likely to be of great interest to the vision of surgeons,
researchers, clinicians, and trainees.
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Abstract
AIM: to assess the morphological impact of transanal
endoscopic surgery on the sphincter apparatus using
the modified Starck classification.
METHODS: A prospective, observational study of 118
consecutive patients undergoing Transanal Endoscopic
Operation/Transanal Endoscopic Microsurgery (TEO/
TEM) from March 2013 to May 2014 was performed. All
the patients underwent an endoanal ultrasound prior
to surgery and one and four months postoperatively
in order to measure sphincter width, identify sphincter
defects and to quantify them in terms of the level,
depth and size of the affected anal canal. To assess
the lesions, we used the “modified” Starck classifi
cation, which incorporates the variable “sphincter
fragmentation”. The results were correlated with the
Wexner incontinence questionnaire.
RESULTS: Of the 118 patients, twelve (sphincter
lesions) were excluded. The results of the 106 patients
were as follows after one month: 31 (29.2%) lesions
found on ultrasound after one month, median overall
Starck score of 4 (range 3-6); 10 (9.4%) defects in
the internal anal sphincter (IAS) and 3 (2.8%) in the
external anal sphincter (EAS); 17 patients (16%) had
fragmentation of the sphincter apparatus with both
sphincters affected in one case. At four months: 7
(6.6%) defects, all in the IAS, overall median Starck
score of 4 (range 3-6). Mean IAS widths were 3.5
mm (SD 1.14) preoperatively, 4.38 mm (SD 2.1)
one month postoperatively and 4.03 mm (SD 1.46)
four months postoperatively. The only statistically
significant difference in sphincter width in the IAS
measurements was between preoperatively and one
month postoperatively. No incontinence was reported,
even in cases of ultrasound abnormalities.
CONCLUSION: TEO/TEM may produce ultrasound
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abnormalities but this is not accompanied by
clinical changes in continence. The modified Starck
classification is useful for describing and managing
these disorders.
Key words: Transanal endoscopic surgery; Endoscopic
ultrasound; Anal continence; Starck classification;
Sphincteric lesions
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This prospective study shows that transanal
endoscopic surgery does not produce lesions in the
sphincter apparatus. Alterations are described after
using a 4 cm diameter rectoscope, with no alterations
in continence.
Mora López L, Serra-Aracil X, Navarro Soto S. Sphincter lesions
observed on ultrasound after transanal endoscopic surgery. World
J Gastroenterol 2015; 21(46): 13160-13165 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i46/13160.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i46.13160

INTRODUCTION
Transanal endoscopic surgery of rectal lesions, either
by Transanal Endoscopic Microsurgery (TEM-Wolf)
or by Transanal Endoscopic Operation (TEO-Storz),
involves minimal surgical aggression compared to
[1]
total mesorectal excision (TME) . Morbidity rates of
5% and mortality rates of 0.3% have been reported
[2-5]
in transanal endoscopic surgery (TEO-TEM)
. In
contrast, morbidity rates associated with TME are
estimated at between 7%-68% and mortality rates at
2%-4%. In addition, between 20% and 30% of TME
patients report genitourinary disorders and impaired
[6-10]
sexual function
.
Few studies have described morphological
alterations of the sphincter after transanal endoscopic
surgery. Most of those published to date have
focused on functional impairment using continence
questionnaires and manometry.
The performance of forced anal dilatations and
the use of instruments like Parks’ anal retractor may
damage the sphincter apparatus, especially the
[11-13]
internal anal sphincter (IAS)
.
During TEO/TEM, a 4 cm diameter rectoscope is
used for anal canal dilatation, albeit in a controlled
manner. Among the few studies published on the
impact of continence caused by TEO/TEM, most agree
that basal pressure (BP) and voluntary contraction
pressure (VCP) both fall in comparison with the
preoperative data and they tend towards normalization
within six months postoperatively, although without
reaching the initial rates. Our group recently described
a series of 201 patients with reduced BP and VCP
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after one and four months. According to the Wexner
test results, however, this decrease in pressure does
not lead to clinical incontinence and no risk factors for
incontinence have been identified. Apparently TEO/
TEM causes abnormalities in both smooth muscle (IAS)
and striated muscle (external anal sphincter, EAS).
While the striated muscle recovers postoperatively, the
[14,15]
smooth muscle remains damaged
.
Little is known of TEO/TEM’s morphological impact
on the sphincter apparatus and its correlation with
continence. In addition, these possible sphincter
alterations are difficult to classify and monitor.
The aim of the present study is to describe
the possible morphological lesions of EAS and IAS
after TEO/TEM and their correlation with clinical
symptoms. We applied a modified version of the
[15]
Starck classification , previously used to describe
obstetric sphincter injuries and now adapted to assess
abnormalities after TEO/TEM.

MATERIALS AND METHODS
A prospective, observational study of 112 consecutive
patients undergoing transanal endoscopic surgery was
performed. All the patients underwent anal ultrasound
prior to surgery and then one and four months
postoperatively.
Ultrasound was performed using the Hawk EXL
B-K medical scanner B and 1850 endosound probe
with a latex sheath. The exploration was performed
with the patient in the left lateral position. The
presence of IAS and EAS defects was assessed
using the modified Starck classification: level of anal
canal affected (dividing the canal into thirds), depth
(involvement of the entire sphincter or of only part)
and size (involvement of up to 90° of the sphincter
circumference, between 90° and 180°, or above 180°).
Sphincter fragmentation was also assessed in the
[16]
postoperative control scans
(Table 1), defined as an
increase in the thickness of the sphincter affected (either
the IAS or the EAS) accompanied by poorly defined
margins.
During the examinations prior to surgery and at one
and four months postoperatively, patients completed
the Wexner incontinence questionnaire. Patients with
Wexner scores of 6 or higher were considered to
[17]
be incontinent . The width of both sphincters was
recorded in each of the three ultrasound sessions in
the middle anal canal.
To calculate the number of subjects required, we
started from an estimated proportion of 25% with an
alpha value of 0.05. Assuming a maximum error of
10%, we obtained the figure of 73 patients. Assuming
a possible loss of 25% (19 patients), the minimum
number of patients was 92.
Quantitative variables are described taking the
mean and standard deviation when the distribution
was normal, otherwise the values of median and
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Table 1 Modified Starck classification
Score

0

1

Table 2 Patient characteristics
2

Eas defect
≤ 50%
Length
No
> 50%
Depth
No
Partial
Total
≤ 90°
Size
No
90°-180°
EAS fragmentation : Yes/no
IAS defect
≤ 50%
Length
No
> 50%
Depth
No
Partial
Total
≤ 90°
Size
No
90°-180°
IAS fragmentation: Yes /no
No defect: Score = 0; Maximum defect: Score =16
Considered as defect: score > 8

3

Lesion characteristics
Lesion size
Lesion height
Quadrants affected by lesion

Total
>180°

Total
> 180°

Surgical characteristics
Surgical time
Surgical position

Hospital stay

4.3 ± 2.17 cm
(1-12 cm)
10.2 ± 14.02 cm
(1-15 cm)
1 quadrant: 40 patients
2 quadrants: 52 patients
3 quadrants: 10 patients
4 quadrants: 1 patient
98.0 ± 45.4 min
(25-265 min)
Lithotomy: 29 patients
Prone: 24 patients
Left lateral: 29 patients
Right lateral: 21 patients
4.2 ± 3.38 d
(2-34 d)

EAS: External anal sphincter; IAS: Internal anal sphincter.

range. Categorical variables are described in absolute
numbers and percentages. The statistical analysis
of the quantitative variables was performed using
the Student “t” parametric test for paired data; if a
nonparametric test was necessary, the Wilcoxon T test
was used. The variable “Wexner test” was analyzed as
a categorical variable since Wexner scores ≥ 6 indicate
incontinence and scores < 6 indicate continence.
The data were analyzed using the McNemar test
of symmetry. p values of < 0.05 were considered
statistically significant. All data were analyzed using
SPSS version 18.0.

RESULTS
From March 2013 to May 2014, 118 patients were
evaluated. Twelve were excluded from the study: six
who presented sphincter abnormalities on preoperative
ultrasound, three with fragmentation of the IAS, two
with a left posterolateral defect due to prior internal
lateral sphincterotomy and one who had previously
undergone rectovaginal fistula repair. The 106
remaining patients comprised 59 men and 47 women
with a mean age of 68 years (SD 11; range: 33-86
years). Table 2 displays all the patient characteristics.
Table 3 shows these abnormalities using the Starck
classification. Ultrasound at one month identified 31
abnormalities (29.2%) with a median overall Stark
score of 4 (range 3-6). Ten defects were in the IAS
(9.4%), with a median Stark score of 4 (range 3-5),
and 3 in the EAS (2.8%), with a median Stark score
of 4 (range 4-6). Seventeen patients (16%) presented
with fragmentation of the sphincter apparatus (one
case with both EAS and IAS involvement, the others
with only IAS involvement). The ultrasound performed
at four months revealed only seven abnormalities in
the IAS (6.6%), with a median Stark score of 4 (range
3-6).
Focusing on the length of the IAS abnormalities
at one month, the middle anal canal was involved in
all cases but one. Only two cases also presented with
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upper anal canal involvement and only one presented
with involvement of the upper anal canal alone. In
most cases the defect was partial and in only three
cases was it complete. The median degree of the
circumference of the IAS affected at one month was
67.5° (range 27°-141°), that is, below half in all cases.
As for abnormalities in the EAS, the middle anal canal
was affected in all cases and one case presented with
lower anal canal involvement. All the defects were
complete and the median degree of involvement of the
circumference was between 55° and 105°.
In the scan at four months, only the IAS continued
to present with defects. In three of the ten cases
which presented with IAS defects at one month the
defect had disappeared. The seven remaining cases
were patients with persistent abnormalities affecting
the middle anal canal and two also presented with
a defect in the upper anal canal. Most of the defects
were complete, three were partial, and the degrees of
circumference affected ranged between 45° and 180°.
All patients had Wexner scores between 1 and 2 at
both one and four months.
As regards sphincter width in the 106 patients, the
mean IAS width was 3.5 mm (SD 1.14) preoperatively,
4.38 mm (SD: 2.1) one month postoperatively and
4.03 mm (SD 1.46) after four months. Mean EAS
width was 7.33 mm (SD 2.01) preoperatively, 7.47
mm (SD 1.92) one month postoperatively and 7.14
mm (SD 2.36) at four months (Table 4).
The differences of the means were calculated
by paired data analysis and were correlated with
the variation in continence. Sphincter width differed
between the preoperative scan and the scans at
one and four months, although the only significant
difference was in IAS width between the preoperative
and one month postoperative measurements. No
clinical incontinence was recorded at any of the time
points. The difference on the Wexner questionnaire
comparing preoperative data and data at one and four
months was 0.4; it was not statistically significant in
either case and all patients had scores well below 6.
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Depth

IAS (10/31) - Median Starck score: 4
Medium anal canal
1
Complete
Medium anal canal
1
Partial
Medium anal canal
1
Complete
Medium anal canal
1
Partial
Medium and upper anal canal
2
Partial
Medium and upper anal canal
2
Complete
Medium anal canal
1
Partial
Medium anal canal
1
Partial
Medium anal canal
1
Partial
Upper anal canal
1
Partial
EAS (3/31) - Median Starck score 4
Medium anal canal
1
Complete
Lower and medium anal canal
2
Complete
Medium anal canal
1
Complete
Sphincter fragmentation
IAS: 17
EAS: 1 (Accompanied by IAS fragmentation)

Length

One month post-op (31/106 - 29.2%)

13163

2
2
2

2
1
2
1
1
2
1
1
1
1
55°
105°
60°

70°
45°
110°
65°
141°
95°
65°
125°
63°
27°

Size

1
1
1

1
2
1
1
2
1
1
2
2
1

0
0

4
6
4

4
3
5
3
5
5
5
4
3
3

STARCK
Depth

Sphincter fragmentation

EAS

IAS (7) - Median Starck score: 4
Medium anal canal
2
Complete
Medium anal canal
1
Partial
Medium anal canal
1
Complete
Medium anal canal
1
Complete
Medium and upper anal canal
2
Partial
Medium and upper anal canal
2
Complete
Medium anal canal
1
Partial

Length

Four months post-op (7/106 - 6.6%)

2
1
2
2
1
2
1

70°
45°
110°
180°
141°
95°
65°

Size
1
2
1
2
1
2
1

4
3
5
5
5
6
3

STARCK

The morbidity and mortality rates associated with transanal endoscopic surgery are known to be low but few studies have discussed the functional or anatomical impact
[18]
of the procedure on the sphincter apparatus. The first problem is the definition of anorectal incontinence . It is unclear how incontinence should be assessed because
there is no objective test that is specific and sensitive enough to allow a correct diagnosis. Many clinical tests are available but none are entirely reliable. For the present
[17]
study, we decided to use the Wexner test on the grounds that it has been used to assess continence in many previous studies which would allow us to compare our
results with those in the literature.
Few studies have investigated possible ultrasound abnormalities after TEO/TEM. Fewer still have discussed how to classify them or what association they may
have with the clinical symptoms of incontinent patients. The Starck classification is a good tool for assessing injuries to the sphincter apparatus. Its usefulness in the
[16]
management of obstetric sphincter injury has already been demonstrated and in the study of fecal incontinence
it can help to characterize the lesions that cause
[19]
incontinence and their correlations with manometry results .
In transanal endoscopic surgery, the Starck classification allows a detailed description of the type of injury and its development. In our study, none of the
[15]
abnormalities observed on ultrasound can be considered as injuries since the Starck score was below 8 in all cases . In addition, the abnormalities persisted after four
months in the first seven cases shown in Table 3 but disappeared in all the other cases.
[20]
Using postoperative ultrasound, Gracia Solanas et al
reported IAS injury resulting in gas incontinence at one month in six out of 40 patients. After six months,
[21]
four patients had recovered. However, the authors did not report any other effects on sphincter function. Jin et al described IAS injuries in five of 37 patients with gas
incontinence in the immediate postoperative period, which disappeared within two weeks.

DISCUSSION

EAS: External anal sphincter; IAS: Internal anal sphincter.

1
2
3

1
2
3
4
5
6
7
8
9
10

Case

Table 3 Description of ultrasound lesions applying the Starck classification
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Table 4 Description of sphincter width
EAI
Preop-1m
Preop- 4m

EAE

WEXNER

Average difference

DE

P value

Average difference

DE

P value

McNemar (Sig)

-0.70
-0.38

1.58
1.81

0.0008
0.0590

-0.310
0.081

2.34
2.51

0.13
0.59

1.0
0.4

[14]

In a series of 112 patients studied by our group ,
abnormalities were observed in the IAS in 10 (9.4%)
cases and in the EAS in 3 (2.8%). At four months,
only 7 patients (6.6%) had ultrasound abnormalities,
all in the IAS. These abnormalities were detected on
the ultrasound at one month and persisted over time.
Only one case presented with a deterioration since
the scan at one month; however, the variation was
slight and may in fact have been due to inaccuracies
in the measurement since this exploration is observerdependent.
Our findings of sphincter fragmentation and the
increase in IAS width have rarely been reported by
other groups. In the few previous descriptions published
[12]
to date they were considered as sphincter injuries but
in our study we did not see any functional impact. In
our group, we saw sphincter fragmentation in 17 (16%)
patients in the ultrasound scan after a month, mainly
in the IAS; we only found one case affecting the EAS,
which also presented as IAS fragmentation, but this
abnormality was no longer observed at four months.
Both these variations may be immediate consequences
of the surgery.
As far as continence was concerned, no differences
were observed at either postoperative assessment
between patients with ultrasound abnormalities and
those without. No patients presented with clinical
symptoms of incontinence. All patients (both those
with and without ultrasound abnormalities) had
Wexner scores below 2 - that is, well below 6, which is
considered the cut-off point for incontinence.
Comparing the width of both sphincters in the
scans preoperatively and at one and four months
postoperatively, we found statistically significant
differences in the measurement of the IAS prior to
surgery and at one month. This is probably related
to the appearance of sphincter fragmentation, which
was observed in 17 (16%) cases after one month. It
may be that the IAS is affected in all cases, although
not enough to cause fragmentation. In our patients,
IAS width had returned to normal four months after
surgery and, in our view, the variations were not
associated with any clinical abnormality.
In conclusion, endoscopic transanal surgery may
produce ultrasound abnormalities in the sphincter
apparatus, especially in the IAS. However, these
abnormalities have little clinical impact on continence.
The modified Starck classification appears to be a
good tool for diagnosing and monitoring the sphincter
defects identified by ultrasound since it demonstrates
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the low impact of the impairment.

COMMENTS
COMMENTS
Background

Performing transanal surgery using a rigid rectoscope (TEO/TEM) is increasing
as it allows the excision of benign rectal lesions and initial malignant rectal
lesions. This may be expanded to the removal of foreign bodies, pelvic abscess
debridement or excision of presacral tumors, part of NOTES surgery. A rigid
4 cm diameter rectoscope is used to produce a forced and maintained anal
dilatation throughout the process, which can be 1 to 4 h. Little is known about
the impact of this anal dilatation on anal continence. the authors have already
done a study showing that at a functional level this procedure does not produce
clinical changes but as they do not know what the morphological alterations
that may result could be, this study has been carried out. In addition, the
authors have shown that the Starck classification is useful for defining possible
alterations that can be generated from the rigid rectoscope.

Research frontiers

In this study, the authors demonstrated that the use of a rigid rectoscope for
performing transanal surgery produces little morphological alterations on the
sphincter apparatus and no changes in clinical continence. The modified Starck
classification appears to be a good tool for diagnosing and monitoring the
sphincter defects identified by ultrasound.

Innovations and breakthroughs

There are very few studies that analyze the ultrasound effects on the sphincter
that transanal surgery by TEO/TEM may cause. There are only two studies that
have described sphincter lesions on the internal anal sphincter in 6/40 (GarciaSolanas) or 5/37 (Jin) patients studied. Both refer to alterations in clinical
continence which subsequently recovered. The authors show that the sphincter
alterations do not become injuries and have no impact on clinical continence.

Applications

The absence of sphincter lesions and the lack of clinical impact on continence
after TEO/TEM means that this procedure can be used without fear of causing
incontinence in patients and that it can be indicated for procedures already
mentioned at the beginning: NOTES and presacral tumor resection.

Terminology

Transanal surgery (TEO/TEM): specific surgery that allows approach by
transanal excision of rectal lesions. This requires a specific instrument, a 4
cm diameter rigid rectoscope, has a learning curve before it can be used and
allows a better view of the injury. The Starck classification of anal lesions was
initially used to describe obstetric injury.

Peer-review

A descriptive study that can prove that the use of a rigid 4 cm diameter
sigmoidoscope does not produce ultrasound abnormalities in the sphincter
apparatus and has no clinical impact on continence. It shows that using the
Starck classification to diagnose and follow the sphincter ultrasound changes is
a good tool.
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Abstract
AIM: To evaluate the safety of endoscopic procedures in
neutropenic and/or thrombocytopenic cancer patients.
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METHODS: We performed a literature search for
English language studies in which patients with
neutropenia and/or thrombocytopenia underwent
endoscopy. Studies were included if endoscopic
procedures were used as part of the evaluation of
neutropenic and/or thrombocytopenic patients, yielding
13 studies. Two studies in which endoscopy was not a
primary evaluation tool were excluded. Eleven relevant
studies were identified by two independent reviewers
on Pubmed, Scopus, and Ovid databases.
RESULTS: Most of the studies had high diagnostic
yield with relatively low complication rates. Therapeutic
endoscopic interventions were performed in more than
half the studies, including high-risk procedures, such as
sclerotherapy. Platelet transfusion was given if counts
3
were less than 50000/mm in four studies and less
3
than 10000/mm in one study. Other thrombocytopenic
precautions included withholding of biopsy if platelet
3
count was less than 30000/mm in one study and
3
less than 20000/mm in another study. Two of the
ten studies which examined thrombocytopenic
patient populations reported bleeding complications
related to endoscopy, none of which caused major
morbidity or mortality. All febrile neutropenic patients
received prophylactic broad-spectrum antibiotics in
the studies reviewed. Regarding afebrile neutropenic
patients, prophylactic antibiotics were given if absolute
3
neutrophil count was less than 1000/mm in one study,
if the patient was undergoing colonoscopy and had a
high inflammatory condition without clear definition of
significance in another study, and if the patient was in
an aplastic phase in a third study. Endoscopy was also
withheld in one study for severe pancytopenia.
CONCLUSION: Endoscopy can be safely performed
in patients with thrombocytopenia/neutropenia.
Prophylactic platelet transfusion and/or antibiotic
administration prior to endoscopy may be considered in
some cases and should be individualized.
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Core tip: Gastroenterologists are often requested
to perform endoscopic evaluation in neutropenic
and thrombocytopenic patients. Endoscopists may
be hesitant to perform these procedures in these
situations, due to the fear of possible complications,
such as bleeding and infection. In this systematic
review, we provide gastroenterologists with the
available safety data, preventive measures prior to the
procedures, and the diagnostic yield of the procedures
in this patient population.
Tong MC, Tadros M, Vaziri H. Endoscopy in neutropenic and/
or thrombocytopenic patients. World J Gastroenterol 2015;
21(46): 13166-13176 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i46/13166.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i46.13166

INTRODUCTION
There are multiple causes for thrombocytopenia and
neutropenia, especially in malignant conditions. Both
are most commonly seen following chemotherapy
for cancer patients or immunosuppression for bone
marrow transplant recipients. Additional etiologies
include aplastic anemia and hypersplenism. This review
will focus on cancer patients with thrombocytopenia as
opposed to more acute scenarios, such as idiopathic
thrombocytopenic purpura (ITP) or thrombotic
thrombocytopenic purpura (TTP). Thrombocytopenia
increases the risk of bleeding, in particular from the
gastrointestinal (GI) tract, while neutropenia carries
the risk of infection with high morbidity and mortality.
Gastroenterologists may be consulted during the
course of thrombocytopenia and/or neutropenia for
evaluation of GI symptoms. Symptoms, such as GI
bleeding, dysphagia, odynophagia, nausea, vomiting,
abdominal pain, and alteration of bowel habits, may
require evaluation by endoscopy. Clinical suspicion for
graft-vs-host disease (GVHD) or an underlying fungal
infection may also require endoscopic evaluation. In
such clinical situations, one may be hesitant to perform
endoscopy.
We performed a systematic review of the literature
to help assess the safety of performing endoscopic
procedures in thrombocytopenic and/or neutropenic
patients. Currently there is very limited data available,
but our goal is to increase awareness of this important
topic and help further develop evidence-based guidelines.
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Current guidelines for endoscopy and thrombocytopenia

The American Society for Gastrointestinal Endoscopy
(ASGE) acknowledged that the minimal platelet
[1]
threshold for endoscopy has not been established .
[2-4]
In 2012, based on limited data , ASGE guidelines
3
concluded that a platelet level of 20000/mm or
greater can be used as a threshold for performing
diagnostic upper endoscopies, but a threshold of
3
50000/mm may be considered before performing
[1]
biopsies . The ASGE also provided the guidelines
shown below, stratifying procedures into high and
[5]
low risk for bleeding : (1) Low risk procedures:
diagnostic [esophagogastroduodenoscopy (EGD),
colonoscopy, flexible sigmoidoscopy], including biopsy,
endoscopic retrograde cholangiopancreatography
(ERCP) without sphincterotomy, endoscopic ultrasound
(EUS) without fine needle aspiration (FNA), capsule
endoscopy, enteroscopy and diagnostic balloonassisted enteroscopy, and enteral stent deployment
without dilation; and (2) High risk procedures:
polypectomy, biliary or pancreatic sphincterotomy,
pneumatic or bougie dilation, percutaneous endoscopic
gastrostomy (PEG) placement, therapeutic balloonassisted enteroscopy, EUS with FNA, treatment of
varices, endoscopic hemostasis, tumor ablation by any
technique, and cystogastrostomy.
In a systematic review in 2012, the threshold for
platelet transfusion in patients with non-variceal upper
GI bleeding was evaluated by analyzing 10 studies,
including four randomized controlled trials and six
[6]
cohort studies . Due to the paucity of high level
evidence, the proper threshold of platelet transfusion
specifically in GI bleeding was based on expert
3
opinion, and transfusion of platelets to 50000/mm
[6]
was proposed for GI bleeding .
The current general recommendation for platelet
3
transfusion is for a goal of 50000/mm prior to
[7,8]
any intervention . British guidelines recommend
ensuring the availability of platelet support before
endoscopic intervention when the platelet count is
3
below 50000-80000/mm , with no clear established
guideline for prophylactic platelet transfusion in
[9]
thrombocytopenic patients who undergo endoscopy .

Current guidelines for endoscopy and neutropenia

According to the ASGE, there is insufficient evidence
to recommend for or against administration of
prophylactic antibiotics prior to routine endoscopic
procedures in patients with severe neutropenia
(absolute neutrophil count or ANC < 500 cells/ml) and
that the decision to use antibiotics in these scenarios
[10]
should be individualized .
[11]
The Infectious Diseases Society of America
does not provide any recommendations regarding
endoscopy in neutropenic patients. The American
Heart Association does not provide guidance regarding
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Table 1 Comparison of United States and British guidelines for endoscopy in thrombocytopenic and neutropenic patients

Thrombocytopenia and
endoscopy
Neutropenia and
endoscopy

US guidelines

British guidelines

ASGE: Acknowledge limited data. Platelet threshold
20000/mm3 for diagnostic endoscopy;
50000/mm3 if biopsies performed
ASGE: Recommend considering antibiotic in
immunosuppressed patients undergoing a high-risk
procedure

BSG: Ensure platelet support is available before endoscopic
intervention when platelet count is < 50000-80000/mm3
BSG: Recommend antibiotic prophylaxis for ANC < 500/mm3 and
undergoing a high risk procedure
(based on risk of bacteremia in immunocompetent patients)

ASGE: American Society for Gastrointestinal Endoscopy; BSG: British Society of Gastroenterology.

prevention of endocarditis in neutropenic patients
[12]
undergoing endoscopy either .
On the other hand, both the British and European
guidelines recommend antibiotics prior to endoscopy
3
if the ANC is less than 500/mm and the patient is
undergoing a high-risk procedure, such as ERCP
with obstructed system, endoscopic dilatation, and
[9,13,14]
sclerotherapy
.
Studies with relevant information are outdated.
The studies evaluating the incidence of bacteremia
in patients with bone marrow transplant revealed
[15,16]
contradictory results
, with one study reporting
clinically relevant bacteremia occurring in 19% of the
[15]
47 patients requiring EGD , while the other found
no episodes of clinically relevant bacteremia after 67
[16]
upper and lower endoscopies in 53 patients .
The British Society of Gastroenterology (BSG)
reviewed the risk of bacteremia associated with specific
endoscopic procedures in immunocompetent patients.
The procedures were categorized as low risk (< 10%
risk) and high risk (≥ 10%). Low risk procedures
included EUS with FNA, colonoscopy, diagnostic EGD
with or without biopsy, rectal digital exam, rigid
proctosigmoidoscopy, ERCP without duct occlusion, and
variceal band ligation. High risk procedures included
sclerotherapy, ERCP with occluded duct, esophageal
[14]
laser therapy, and esophageal dilation/prosthesis .
Comparisons of United States and British guidelines
for endoscopy in neutropenic and thrombocytopenic
patients are shown in Table 1.

MATERIALS AND METHODS
To evaluate the safety of the endoscopic procedures
in cancer patients with thrombocytopenia and/or
neutropenia, two independent reviewers performed an
extensive search of the English literature in PubMed,
Scopus, and Ovid databases from January 1980 to
February 2014 using a combination of keywords, such
as “endoscopy”, “gastrointestinal”, “neutropenia”,
“thrombocytopenia”, “aplastic anemia”, and “cancer”.
Potential studies were identified using the inclusion
criteria of evaluation of endoscopic procedure in
thrombocytopenic and/or neutropenic patient
populations. The search was also limited to human
studies. After this initial search, selected articles were
screened, and those that were not primarily targeted
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at endoscopy or did not use endoscopy as part of
patient evaluation were excluded. Once a study of
interest was identified, the full text was retrieved and
further evaluated, and the references were searched
for any additional relevant studies. A net total of 11
studies were identified that discuss endoscopy as the
primary target or as a part of the evaluation for GI
symptoms in thrombocytopenic and/or neutropenic
patients (Figure 1).
The following data were retrieved: type of endoscopic
procedures, adverse events, preventive measures
when taken, diagnostic yield, and adverse events
related to the endoscopic procedures.
The patient populations differed in the included
studies. Four studies were done in stem cell transplant
patients, two in bone marrow transplant patients, and
one in aplastic anemia patients (Figure 2). Also, four
studies were performed in the pediatric population
while the other seven were performed in adults.
Due to the limited number of relevant studies, both
retrospective (8 studies) and prospective (3 studies)
studies were included. For the same reason, we did
not exclude studies based on study design or number of
patients evaluated (Figure 3).

RESULTS
Study design

Please refer to Table 2 for a summary of study design
and patient and endoscopic characteristics of the
included studies.
Of the 11 studies identified, four studies focused
on cancer patients, four on post-stem cell transplant
patients, two on patients undergoing bone marrow
transplant, and one on patients with aplastic anemia
(Figure 2). One of the studies on cancer patients
[17]
focused exclusively on thrombocytopenic patients .
Seven of the studies investigated adults, while the
other four investigated the pediatric population. Most
studies were conducted between 1985 and 2007, with
the exception of one that was conducted in the 1970s.
Eight studies were retrospective chart reviews, and
three were prospective cohort studies. Overt GI bleed
was investigated in five studies, while subjects in the
remainder of the studies had general GI complaints
as the indication for endoscopic procedures. Not all
studies looked purely at thrombocytopenic and/or
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2 Independent Reviewers
Search: All fields
Terms: “Endoscopy” AND
“Gastrointestinal” AND…

“Thrombocytopenia”

“Neutropenia”

Databases

Databases

PubMed

Scopus

Ovid

PubMed

Scopus

Ovid

Search results: 83

Search results: 270

Search results: 1478

Search results: 28

Search results: 116

Search results: 848

Inclusion

Inclusion

Thrombocytopenic patients
who underwent endoscopic
procedure

Neutropenic patients who
underwent endoscopic
procedure

References reviewed
for relevant studies

6 studies

References reviewed
for relevant studies

7 studies

Exclusion: Not primarily targeted for endoscopy or did not use
endoscopy as part of evaluation

2 studies excluded

Total final studies: 11

Figure 1 Method of literature search on PubMed, Scopus, and Ovid databases.
5

Adults

5
No. of studies

4
No. of studies

6

Pediatrics

3
2
1

4
3
2
1

0

0
Cancer

Stem cell
transplant

Bone marrow
transplant

Aplastic
anemia

n < 100

n = 100-200

n > 200

n = No. of patients who underwent endoscopy

Figure 2 Nature of patients studied and etiologies of neutropenia or
thrombocytopenia.
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Figure 3 Size of study.
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Table 2 Study design and characteristics of patients and endoscopies
Study

Design

Patient and endoscopic characteristics

Buderus et al[19] (2012)

Retrospective
1995-2004

Chu et al[17] (1983)

Retrospective
1978-1979

Gorschlüter et al[20] (2008)

Retrospective
1993-2005

Kaur et al[22] (1996)

Retrospective
1986-1993

Kaur et al[23] (2013)

Retrospective
2007-2010
Retrospective
1995-2002

38 pediatric cancer patients with various GI complaints
40 diagnostic endoscopies, 7 follow-up endoscopies, 10 therapeutic endoscopies
Diagnostic yield 82.5%: Gastritis, esophagitis, duodenitis, colitis, Mallory-Weiss tears, ulcer
133 cancer patients with thrombocytopenia and overt GI bleed
187 diagnostic endoscopies, no therapeutic endoscopies
Diagnostic yield 92% for upper, 60% for lower exam: Unifocal and multifocal lesions in
majority; rare diffuse bleeding
104 acute leukemia patients after myelosuppressive chemotherapy
131 primary endoscopies, 40 follow-up endoscopies; includes 16 therapeutic interventions
and 5 ERCPs (2 for jaundice, 2 for suspicion of cholecystitis, 1 for suspicion of cholangitis)
Diagnostic yield 91% for upper, 70% for lower exam: esophagitis, gastric erosions, hiatal
hernia, gastritis
43 post-bone marrow transplant patients with overt GI bleed
31 endoscopies total: 26 EGD, 5 colonoscopy; 2 endoscopies required hemostasis
Diagnostic yield 100% for upper, 80% for lower exam: Diffuse esophagitis, gastritis, or
duodenitis in upper exam; 2 ulcers, 1 colitis, 1 tumor recurrence in lower exam
11 pediatric patient requiring PEG placement in anticipation of BMT (BMT group) compared
with 30 patients requiring PEG placement for other indications (comparison group)
191 pediatric patients who underwent hematopoietic stem cell transplantation
198 EGDs, 220 lower endoscopies. All diagnostic endoscopies for GI complaints, mostly for
nausea, vomiting, and non-bloody diarrhea.
Diagnostic yield 32% for upper, 16% for lower exam:
Mucosal abnormalities most common
Acute GVHD in 14% on histological exam
Non-GVHD histological evidence of inflammation in 24%
32 patients with aplastic anemia and overt GI bleed, each evaluated by endoscopy, 3 of
which required therapeutic intervention
Diagnostic yield 66%: bleeding sites in esophagus, stomach, duodenum, small intestine,
large intestine
112 patients with simultaneous upper and lower endoscopic procedures following
hematopoietic stem cell transplant. All diagnostic endoscopies for GI symptoms
Diagnostic yield: GVHD diagnosed in 81% of patients
42 post-allogeneic stem cell transplant patients admitted for GI complaints
22 upper, 12 lower, and 13 upper and lower endoscopies performed, unclear distinction
between primary and follow-up endoscopies
Diagnostic yield 100%: Majority GVHD, gastritis, CMV, bacterial enteritis
1102 patients with hematopoietic cell transplantation followed prospectively, of whom 75
developed severe GI bleed. Endoscopic evaluation included diagnostic and therapeutic
procedures, however, number of procedures was unclear
Diagnostic yield: Majority had multiple sites of bleed, caused by GVHD and peptic acid
esophageal ulcers
451 patients with hematological malignancies, of which 32 developed overt GIB
25 upper GI bleeding episodes, of which 8 EGDs were performed, remainder managed by
supportive care. The other 7 patients had lower GI bleed episodes caused by neutropenic
enterocolitis excluding the need for endoscopic procedures.
Diagnostic yield 100% (8 endoscopies): Erosive gastritis (5/8), duodenal ulcers (3/8) in
upper GI bleed

Khan et al[24] (2006)

Park et al[21] (2010)

Retrospective
2002-2007

Ross et al[25] (2008)

Retrospective
2002-2006

Schulenburg et al[26] (2004)

Schwartz et al[18] (2001)

Soylu et al[27] (2005)

Prospective cohort
1996-2001

Prospective cohort
1985-1987 and 1996-1997

Prospective cohort
1999-2005

GI: Gastrointestinal; ERCP: Endoscopic retrograde cholangiopancreatography; EGD: Esophagogastroduodenoscopy; PEG: Percutaneous endoscopic
gastrostomy; GVHD: Graft-vs-host disease.

neutropenic patients.
Please refer to Figures 2 and 3 for study characteristics.

Endoscopic therapeutic interventions

Of the 11 studies, six described therapeutic
[18-23]
interventions
(Table 3). Endoscopic hemostasis
was discussed in six studies, which included
sclerotherapy for varices, epinephrine and/or fibrin glue
injections, electrocautery with or without injection, clip
[18-22,24]
placement, and argon plasma coagulation (APC)
.
All were successful with the exception of one study,
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[18]

which had a very small sample size .
Two studies described successful placement of
[19,20]
duodenal and naso-jejunal feeding tubes
. One
study described five patients who underwent ERCP
with and without sphincterotomy, three of which had
true pathology in the biliary tree while the remaining
[20]
two patients had no abnormality detected . Suc
cessful PEG tube placements were described in two
studies; however, both studies reported infectious
adverse events in neutropenic patients (see “Infectious
[19,23]
Adverse Events” below)
.
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Table 3 Thrombocytopenic precautions, therapeutic interventions, and bleeding adverse events
Study

Thrombocytopenic precautions

Therapeutic intervention

Bleeding Adverse events

4 PEG tube placements
1 PEG tube removal
2 sclerotherapies for varices
6 NJ tubes placement
None

None

n = No. thrombocytopenic patients
Buderus et al[19]

Chu et al[17]

Gorschlüter et al[20]

Kaur et al[22]

Kaur et al[23]
Khan et al[24]

Park et al[21]

Platelets < 30000/mm3: Biopsies not taken
n = 12 (Platelets < 50000/mm3; 3 of 12 had
platelets < 30000/mm3)

Platelets < 20000/mm3: Biopsies not performed
Platelet transfusion not a prerequisite, but made
available
n = 44 (Platelets < 40000/mm3; 25 of 44 had
platelets < 20000/mm3)
Platelets < 10000/mm3: Prophylactic platelet
8 endoscopic hemostasis in upper exam,
transfusion
including:
n = unknown
5 used fibrin glue
Median platelets 23000/mm3
2 used fibrin glue plus epinephrine
1 used epinephrine alone
ERCP in 5 patients
Duodenal tube placement in 8 patients
Platelets < 50000/mm3:
2 patients underwent successful
Prophylactic platelet transfusion
electrocautery for bleeding ulcers
No target platelet count sought
For all patients:
Prophylaxis with H2 blockers or sucralfate or both
Hematopoietic cell progenitor support
n = 27 (Platelets < 50000/mm3)
None
11 PEG tube placements
n = unknown
For platelets < 50000/mm3: Platelets transfused
None
during procedure
n = 111 (Platelets < 50000/mm3)

For platelets < 5000/mm3 or unstable (fever,
hemorrhagic signs) patients with a platelet <
10000/mm3:
Prophylactic platelet transfusion
n = unknown

Ross et al[25]

Schulenburg et al[26]

Schwartz et al[18]

3 patients successfully treated
with argon plasma coagulation for
gastric angiodysplasia, hemoclips on
colon ulcer, hemoclips on duodenal
Dieulafoy’s lesion
None

For platelets < 25-50000/mm3:
Prophylactic platelet transfusion at discretion of
endoscopist
44 patients received prophylactic platelet
transfusion
n = at least 44 (Platelets < 25000-50000)
For platelets < 50000/mm3: Prophylactic platelet
None
transfusion
Platelet support to maintain count > 20000/mm3
n = unknown
For platelets < 50000/mm3:
2 attempted endoscopic hemostasis
No endoscopy if 50000/mm3 not reached
1 injection successful
n = unknown
1 bipolar cautery plus injection that was
unsuccessful and required surgery
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None

2 of 106 (1.9%) primary upper EGD had
proven adverse events: hemorrhage
induced by EGD (one stopped bleeding
spontaneously and the other one
required injection
No ERCP-related adverse events
10 of the 31 patients in which endoscopies
were performed had recurrent bleed at
median of 7 d after index bleed (range
2-27 d), none readmitted
No adverse events as a result of
endoscopy
None reported
GI bleeding adverse events occurred
in 12 procedures out of 418 total
procedures (2.9%). Thrombocytopenia
was significantly associated (P < 0.01)
with bleeding, occurring in 10 of the 12
procedures with bleeding adverse events
8 cases of bleeding events following
EGD, of which there were:
4 cases of duodenal hematomas that
resolved with conservative management
1 case requiring repeat endoscopy with
electrocautery
3 cases of acute GVHD managed
conservatively
4 cases of bleeding events following
lower endoscopy"
All due to acute GVHD
Appear to have been managed
conservatively
1 death from massive GI bleed
Re-bleed of Dieulafoy lesion, successfully
treated by re-clipping
No adverse events attributable to
endoscopy
None reported

None

No adverse events attributable to
endoscopy reported
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Soylu et al[27]

For platelets < 20000/mm3:
Prophylactic platelet transfusion
Active bleeding with higher platelet count also
received prophylactic transfusion
Severe thrombocytopenia (level not defined):
EGD withheld in 17 of 25 upper GI bleeding
episodes
Colonoscopy withheld in 7 lower GI bleeding
episodes
n = unknown

None

No deaths or adverse events attributable
to endoscopy

GI: Gastrointestinal; EGD: Esophagogastroduodenoscopy; PEG: Percutaneous endoscopic gastrostomy; GVHD: Graft-vs-host disease.

although a specific platelet count was not mentioned
and four cases of duodenal hematoma (one associated
[24]
with pancreatitis) were reported in that study (Table 3).

Without bleeding adverse events
With bleeding adverse events
100%

Bleeding adverse events

Percent of studies

80%
60%
40%
20%
0%
< 5000-10000

< 10000-30000

< 50000
3

Platelet threshold (mm )

Figure 4 Proportional distribution of studies with and without bleeding
adverse events for platelet threshold level used for taking precautions (i.e.,
withhold biopsy, transfuse platelets).

Thrombocytopenic patient populations

Ten of the 11 studies investigated thrombocytopenic
patient populations and commented on precautions
used. In five studies, transfusions were given if the
3[18,22,24-26]
platelet count was less than 50000/mm
. In
patients with an overt GI bleed, different approaches
were undertaken, including platelet transfusion
[21]
[27]
if the count was < 10000 , < 20000 , or <
3[22]
50000/mm
, avoiding endoscopy if the platelet
3
[18]
count of 50000/mm was not achieved , or making
the platelets available as needed without requiring
transfusion as a prerequisite indication prior to
[17]
endoscopic procedures .
[19]
In the study by Buderus et al , prophylactic
transfusions were not given but no biopsies were taken
3
if the platelet count was < 30000/mm . In the study
[20]
by Gorschlüter et al , prophylactic platelets were
3
given if the platelet count was < 10000/mm .
Three studies discussed thrombocytopenic
[17,19,24]
precautions for biopsies
. These precautions
included withholding biopsies if the count was less than
3[17]
20000/mm
, withholding biopsies if the count was
3[19]
less than 30000/mm , or avoiding duodenal biopsies
if the risk of bleeding was estimated to be high,
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Out of the four studies with records of bleeding
adverse events, two studies reported bleeding adverse
[20,24]
events related to endoscopy
. The total number
of bleeding adverse events was very small, ranging
from 2/106 to 12/418 (1.9%-2.9%) endoscopic
procedures, and most of them were managed
conservatively with the exception of three patients
who needed repeat endoscopy. One of these three
[20]
patients stopped bleeding spontaneously , another
[20]
required injection , and the last one required
[24]
electrocautery . Four additional patients developed
duodenal hematomas, which were managed
[24]
conservatively . None of the above adverse events
caused major morbidities.
Bleeding adverse events were found to be relatively
low among thrombocytopenic patients. Figure 4
summarizes the proportion of studies with and without
bleeding adverse events for each given platelet cutoff.

Neutropenic patient populations

Neutropenia was generally defined as an absolute
3
neutrophilic count of less than 500 cells/mm , although
3[17,22]
two studies defined it as ANC < 1000/mm
while
3[23]
another study used a cut off of 1500/mm
. Eight
studies involved neutropenic patients undergoing
[17-23]
endoscopy
(Table 4). Broad-spectrum antibiotics
were given to all patients with neutropenia and fever.
Precautions for afebrile neutropenic patients varied
among the studies. One study gave all patients
[26]
antibiotics during the aplastic phase . In a second
study, endoscopy was not performed if pancytopenia
was severe, defined as very low values in two or more
3
cell lines, including ANC < 500/mm , platelet count <
3
20000/mm , and absolute reticulocyte count < 60000/
3[21]
[24]
mm . In the study by Khan et al , broad-spectrum
antibiotics were given if the absolute neutrophilic count
3
was < 1000/mm . In Buderus’ study, antibiotics were
given to the patients undergoing colonoscopy who had
high inflammatory conditions without clear definition
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Table 4 Neutropenic precautions and infectious adverse events
Study

Neutropenic precautions

Infectious adverse events

n = No. of afebrile neutropenic patients
Buderus et al[19]

ANC < 1000/mm3 threshold:
Upper endoscopies performed under “aseptic
conditions” (not defined), appears that this did not
include antibiotic prophylaxis
Colonoscopies performed under antibiotic prophylaxis
n = 10 (ANC < 1000/mm3)

Chu et al[17]

None
n = unknown
Neutropenia not defined
n = unknown
Median WBC 1.5 G/l

Gorschlüter et al[20]

Kaur et al[22]

Neutropenia not defined
n = unknown
No neutropenic precautions taken
n = 4 (ANC < 1500/mm3)

Kaur et al[23]

Khan et al[24]

Park et al[21]

Ross et al[25]
Schulenburg et al[26]
Schwartz et al[18]
Soylu et al[27]

For ANC < 1000/mm3:
Broad-spectrum antibiotics prophylaxis
n = 148 (WBC < 4000/mm3)
“Severe aplastic anemia” defined as bone marrow
cellularity less than 25% and very low values for at
least 2 of 3 hematopoietic lineages (including ANC <
500/mm3)
No precautions (no patients with fever)
n = 28 (Severe aplastic anemia)
None
n=0
Antibiotic prophylaxis during aplasia for all patients
No extra prophylaxis for endoscopy
None
n = unknown
Severe neutropenia (level not defined):
Withhold endoscopy in 17 upper and 7 lower GI bleed
episodes
n = unknown

One (2.1%) procedure-related adverse event:
Fever and abdominal tenderness after colonoscopy

Patient had not received antibiotic prophylaxis despite neutropenia
(ANC 490/mm3); no explanation given in article
Symptoms resolved in 2 d under IV antibiotics
None
16 of 106 (15%) primary upper EGD: Fever within 48 h
3 of 20 (15%) primary colonoscopies: Fever within 48 h
Total # patients with fever following endoscopy: 19.
5 of these died within 10 d.
Not significantly different from # patients who died without having a
fever following endoscopy.
No ERCP-related adverse events
2 deaths due to sepsis
No adverse events attributed to endoscopy
4 (36%) infectious adverse events total (both neutropenic and nonneutropenic)
2 patients neutropenic at time of PEG placement.
First patient had cellulitis and small abscess at PEG site, treated by
removal of PEG
Second patient had cellulitis at PEG site, treated by IV antibiotics
2 patients non-neutropenic at time of PEG placement, but had
neutropenia at the time of infection
No infectious adverse events related to endoscopy.
1 colonic perforation resulting in death
No adverse events attributable to endoscopy

None reported
None
No adverse events attributable to endoscopy
No adverse events attributable to endoscopy

EGD: Esophagogastroduodenoscopy; PEG: Percutaneous endoscopic gastrostomy; ERCP: Endoscopic retrograde cholangiopancreatography; GI:
Gastrointestinal.

of this state, and upper endoscopies were performed
under aseptic conditions if the absolute neutrophil
3
count was < 1000/mm ; however, these conditions
[19]
were not defined .

Infectious adverse events

Infectious adverse events were discussed in three of
[19,20,23]
the seven studies
. One study reported fever
and abdominal tenderness in a neutropenic patient
who did not receive prophylactic antibiotics prior to
[19]
colonoscopy . In the second study, 15% of patients
undergoing upper and lower endoscopy developed
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fever within 48 h after the procedure, of whom 26%
[20]
(five patients) died thereafter . No patients died as
a direct result of endoscopy, and the death rate was
not significantly different in patients who did or did not
have a fever following endoscopy.
ANC at the time of PEG tube placement appeared
to have a major influence on outcome, with a high
infection rate in neutropenic patients. Infection can
also occur when the patient becomes neutropenic after
[23]
the PEG tube placement . PEG placement should
be avoided if possible during significant neutropenic
[23]
episodes .
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Benefits of endoscopic procedures

The diagnostic yield varied among the studies, ranging
from 30% to 100% among patients who underwent
upper endoscopy. The yield for colonoscopy or
sigmoidoscopy was lower. The majority of the findings
were esophagitis, gastritis, duodenitis, erosions, ulcers,
cytomegalovirus (CMV) infection, fungal infection,
GVHD, hiatal hernia, colitis, proctitis, and tumors.
[17]
Chu et al
showed in patients who have throm
bocytopenia and GI bleed that unifocal or multifocal
source of bleeding was the most common finding rather
than diffuse mucosal oozing, which accounted for only
3
12% of patients with platelet counts < 40000/mm in
this study.
Although the treatment plan was changed for more
than 55% of patients undergoing upper endoscopy,
this was mostly comprised of the addition or
[20]
modification of acid suppression therapy .

DISCUSSION
Based on our literature review, it appears that
endoscopy can be safely performed in most thrombocy
topenic and neutropenic patients. Thrombocytopenia
and neutropenia should not be viewed as absolute
contraindications for endoscopy. In fact, endoscopy
can provide a high diagnostic utility, helping to discern
peptic ulcer disease, GVHD, and viral and fungal
infections, among other diagnoses. Additionally, we
learned that diffuse mucosal oozing is unlikely to be
[17]
the etiology for a GI bleed in this group of patients .
It is also clear that endoscopic interventions, including
hemostasis, feeding tube placement, and even ERCP,
can be accomplished successfully. One interesting
finding is that peptic ulcer disease was a common
finding. Hence, one may consider attempting empiric
acid suppression therapy before endoscopic evaluation
in high risk patients.
3
Most studies used a threshold of 50000/mm for
prophylactic platelet transfusion prior to endoscopic
procedures, although some performed uneventful
endoscopies with lower counts. Therefore, based on this
review and general practice guidelines, we recommend
3
using 50000/mm as the threshold to perform
endoscopy. However, if clinically required, lower platelet
counts may be considered by the endoscopist. Platelet
transfusion during the procedure for patients who could
not maintain this threshold is an option especially if
a high risk procedure is planned. Although patients
with lower platelet levels have undergone endoscopic
procedures or endoscopic biopsies, duodenal biopsies,
in particular, should be avoided if the platelet count is
3
< 20000/mm , as they can be a high risk factor for
bleeding and hematoma development.
In terms of the clinical application of platelet
threshold, it is worth considering the risk and benefit
of platelet transfusion to achieve a platelet goal.
Transfusion is not without risks. Alloimmunization to
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platelets is especially a problem in the cancer or bone
marrow transplant patient population, as they are likely
to require multiple transfusions over time. Transfusion
reactions and infection are also risks that still should
be taken into account. In addition, unlike other blood
products, such as red blood cells, platelets can be
quickly transfused immediately before or during the
procedure.
As for neutropenia, it is more challenging to
develop guidelines, as fewer studies are available. For
those who are afebrile, antibiotics should be given
prior to high risk procedures, such as ERCP with
obstruction of the biliary tree, endoscopic dilatation,
or variceal endoscopic treatment. For neutropenic
patients requiring low risk endoscopic procedures, the
endoscopist may consider antibiotics. Notably, patients
who had fevers following endoscopy did not receive
antibiotics in the reviewed studies. One may argue
3
that if the ANC is less than 500/mm , then antibiotics
should be given regardless of the presence of fever.
When administered, the antibiotics should cover gram[20]
negative rods and anaerobes .
Authors of several studies have emphasized the
effectiveness and importance of endoscopy when
evaluating patients with GI symptoms, in spite of low
platelet and neutrophil counts, considering the high
[21,22,26]
diagnostic yield and low adverse event rate
. In
one study that involved only eight endoscopies in 25
episodes of overt GI bleed, the authors expressed that
endoscopy may not be necessary because GI bleeding
[27]
was not the cause of death in these patients .
Limitations of this systematic review include the
small number of available relevant studies, which
required the use of older and/or small size studies.
There was also a lack of consistency in study design
among the included studies. Due to the nature of
the search method, the data used may also reflect
publication bias; most of the data were obtained
through retrospective reviews.
Endoscopy can be safely performed in the settings
of thrombocytopenia and neutropenia. Prophylactic
platelet transfusion prior to endoscopy may be
3
considered for platelet counts < 50000/mm , although
platelet counts below this threshold are not an absolute
contraindication to endoscopy. We recommend
prophylactic antibiotics in afebrile patients with
neutropenia prior to high-risk endoscopic procedures.
For low risk procedures in afebrile neutropenic patients,
prophylactic antibiotics may be considered. Risks and
benefits should be weighed in each individual scenario
with thrombocytopenic and/or neutropenic patients
who require endoscopic evaluation.
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COMMENTS
COMMENTS
Background

There is limited data available regarding the safety and preventive measures
prior to endoscopic procedures in cancer patients with thrombocytopenia
and neutropenia. American Society for Gastrointestinal Endoscopy (ASGE)
guidelines acknowledge that there is limited pertinent data, but recommend
a platelet threshold of 20000/mm3 for diagnostic endoscopy and 50000/mm3
if biopsies are performed. British guidelines recommend ensuring platelet
support is available before endoscopic intervention when platelet counts are
below 50000-80000/mm3. Regarding neutropenia, the ASGE recommends
that the decision to use antibiotics in patients with ANC < 500 should be
individualized. British guidelines recommend antibiotic prophylaxis if ANC <
500/mm3 and a patient is undergoing a high-risk procedure. In this systematic
review, a summary of the relevant studies is being presented. This article will
help treating physicians consider diagnostic yield and safety of endoscopic
procedures when facing these difficult cases, in addition to applying preventive
measures when necessary.

Research frontiers

5

6

7
8

The majority of the relevant studies were retrospective. Future large prospective
studies are needed. Currently, the data in the field is relatively limited, and any
additional studies would help to solidify the recommendations regarding the
safety of endoscopy in thrombocytopenic and neutropenic patients.

9

Innovations and breakthroughs

10

Investigating the safety of endoscopy in neutropenic and thrombocytopenic
settings is an ever evolving process, to which new data will contribute to a better
understanding and help us provide better care to our patients. The approach
to advancing knowledge on this topic will likely be a gradual amalgamation of
data.

11

Applications

Based on this systematic review, if endoscopic evaluation of a patient with
thrombocytopenia is indicated, the procedure should not be withhold solely
based on their platelet level. Platelet transfusion may be considered in some
cases depending on the platelet count and the type of the procedure being
performed. In afebrile neutropenic patients, we recommend prophylactic
antibiotics prior to high-risk endoscopic procedures and consideration of
antibiotics prior to low-risk procedures. Febrile neutropenic patients are mostly
on antibiotic treatments that should be continued.

12

Peer-review

The topic investigated in this article is interesting. Nevertheless, studies
included in this “systematic review” are very different in design and endpoints.
The quality of the available data is poor, and it is very difficult (or impossible)
to analyze them in a rigid framework, such as a meta-analysis, or even a
systematic review.
13

REFERENCES
1

2

3
4

ASGE Standards of Practice Committee, Ben-Menachem T,
Decker GA, Early DS, Evans J, Fanelli RD, Fisher DA, Fisher L,
Fukami N, Hwang JH, Ikenberry SO, Jain R, Jue TL, Khan KM,
Krinsky ML, Malpas PM, Maple JT, Sharaf RN, Dominitz JA,
Cash BD. Adverse events of upper GI endoscopy. Gastrointest
Endosc 2012; 76: 707-718 [PMID: 22985638 DOI: 10.1016/
j.gie.2012.03.252]
Van Os EC, Kamath PS, Gostout CJ, Heit JA. Gastroenterological
procedures among patients with disorders of hemostasis: evaluation
and management recommendations. Gastrointest Endosc 1999; 50:
536-543 [PMID: 10502177]
Rebulla P. Revisitation of the clinical indications for the
transfusion of platelet concentrates. Rev Clin Exp Hematol 2001; 5:
288-310; discussion 311-312 [PMID: 11703819]
Samama CM, Djoudi R, Lecompte T, Nathan-Denizot N, Schved
JF; Agence Française de Sécurité Sanitaire des Produits de Santé

WJG|www.wjgnet.com

14

15

16
17

13175

expert group. Perioperative platelet transfusion: recommendations
of the Agence Française de Sécurité Sanitaire des Produits de
Santé (AFSSaPS) 2003. Can J Anaesth 2005; 52: 30-37 [PMID:
15625253]
ASGE Standards of Practice Committee, Anderson MA, BenMenachem T, Gan SI, Appalaneni V, Banerjee S, Cash BD, Fisher L,
Harrison ME, Fanelli RD, Fukami N, Ikenberry SO, Jain R, Khan
K, Krinsky ML, Lichtenstein DR, Maple JT, Shen B, Strohmeyer L,
Baron T, Dominitz JA. Management of antithrombotic agents for
endoscopic procedures. Gastrointest Endosc 2009; 70: 1060-1070
[PMID: 19889407 DOI: 10.1016/j.gie.2009.09.040]
Razzaghi A, Barkun AN. Platelet transfusion threshold in patients
with upper gastrointestinal bleeding: a systematic review. J Clin
Gastroenterol 2012; 46: 482-486 [PMID: 22688143 DOI: 10.1097/
MCG.0b013e31823d33e3]
Yarris JP, Warden CR. Gastrointestinal bleeding in the cancer
patient. Emerg Med Clin North Am 2009; 27: 363-379 [PMID:
19646642 DOI: 10.1016/j.transci.2009.07.004]
Marwaha N, Sharma RR. Consensus and controversies in platelet
transfusion. Transfus Apher Sci 2009; 41: 127-133 [PMID:
19717344 DOI: 10.1016/j.emc.2009.04.011]
Andreyev HJ, Davidson SE, Gillespie C, Allum WH, Swarbrick
E. Practice guidance on the management of acute and chronic
gastrointestinal problems arising as a result of treatment for
cancer. Gut 2012; 61: 179-192 [PMID: 22057051 DOI: 10.1136/
gutjnl-2011-300563]
ASGE Standards of Practice Committee, Khashab MA, Chithadi
KV, Acosta RD, Bruining DH, Chandrasekhara V, Eloubeidi MA,
Fanelli RD, Faulx AL, Fonkalsrud L, Lightdale JR, Muthusamy VR,
Pasha SF, Saltzman JR, Shaukat A, Wang A, Cash BD. Antibiotic
prophylaxis for GI endoscopy. Gastrointest Endosc 2015; 81: 81-89
[PMID: 25442089 DOI: 10.1016/j.gie.2014.08.008]
Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen
CA, Raad II, Rolston KV, Young JA, Wingard JR; Infectious
Diseases Society of Americaa. Clinical practice guideline for the
use of antimicrobial agents in neutropenic patients with cancer:
2010 Update by the Infectious Diseases Society of America. Clin
Infect Dis 2011; 52: 427-431 [PMID: 21205990 DOI: 10.1093/cid/
ciq147]
Wilson W, Taubert KA, Gewitz M, Lockhart PB, Baddour LM,
Levison M, Bolger A, Cabell CH, Takahashi M, Baltimore RS,
Newburger JW, Strom BL, Tani LY, Gerber M, Bonow RO,
Pallasch T, Shulman ST, Rowley AH, Burns JC, Ferrieri P, Gardner
T, Goff D, Durack DT. Prevention of infective endocarditis:
guidelines from the American Heart Association: a guideline from
the American Heart Association Rheumatic Fever, Endocarditis and
Kawasaki Disease Committee, Council on Cardiovascular Disease
in the Young, and the Council on Clinical Cardiology, Council on
Cardiovascular Surgery and Anesthesia, and the Quality of Care
and Outcomes Research Interdisciplinary Working Group. J Am
Dent Assoc 2008; 139 Suppl: 3S-24S [PMID: 18167394]
Rey JR, Axon A, Budzynska A, Kruse A, Nowak A. Guidelines
of the European Society of Gastrointestinal Endoscopy (E.S.G.E.)
antibiotic prophylaxis for gastrointestinal endoscopy. European
Society of Gastrointestinal Endoscopy. Endoscopy 1998; 30:
318-324 [PMID: 9615888]
Allison MC, Sandoe JA, Tighe R, Simpson IA, Hall RJ, Elliott TS;
Endoscopy Committee of the British Society of Gastroenterology.
Antibiotic prophylaxis in gastrointestinal endoscopy. Gut 2009; 58:
869-880 [PMID: 19433598 DOI: 10.1136/gut.2007.136580]
Bianco JA, Pepe MS, Higano C, Applebaum FR, McDonald GB,
Singer JW. Prevalence of clinically relevant bacteremia after upper
gastrointestinal endoscopy in bone marrow transplant recipients.
Am J Med 1990; 89: 134-136 [PMID: 2382662]
Kaw M, Przepiorka D, Sekas G. Infectious complications of
endoscopic procedures in bone marrow transplant recipients. Dig
Dis Sci 1993; 38: 71-74 [PMID: 8420762]
Chu DZ, Shivshanker K, Stroehlein JR, Nelson RS. Thrombo
cytopenia and gastrointestinal hemorrhage in the cancer patient:
prevalence of unmasked lesions. Gastrointest Endosc 1983; 29:

December 14, 2015|Volume 21|Issue 46|

Tong MC et al . Endoscopic procedures in neutropenic/thrombocytopenic patients

18

19

20

21

22

269-272 [PMID: 6605893]
Schwartz JM, Wolford JL, Thornquist MD, Hockenbery DM,
Murakami CS, Drennan F, Hinds M, Strasser SI, Lopez-Cubero
SO, Brar HS, Ko CW, Saunders MD, Okolo CN, McDonald
GB. Severe gastrointestinal bleeding after hematopoietic cell
transplantation, 1987-1997: incidence, causes, and outcome. Am J
Gastroenterol 2001; 96: 385-393 [PMID: 11232680]
Buderus S, Sonderkötter H, Fleischhack G, Lentze MJ. Diagnostic
and therapeutic endoscopy in children and adolescents with cancer.
Pediatr Hematol Oncol 2012; 29: 450-460 [PMID: 22612259 DOI:
10.3109/08880018.2012.678568]
Gorschlüter M, Schmitz V, Mey U, Hahn-Ast C, Schmidt-Wolf
IG, Sauerbruch T. Endoscopy in patients with acute leukaemia after
intensive chemotherapy. Leuk Res 2008; 32: 1510-1517 [PMID:
18495243 DOI: 10.1016/j.leukres.2008.03.016]
Park YB, Lee JW, Cho BS, Min WS, Cheung DY, Kim JI, Cho
SH, Park SH, Kim JK, Han SW. Incidence and etiology of overt
gastrointestinal bleeding in adult patients with aplastic anemia.
Dig Dis Sci 2010; 55: 73-81 [PMID: 19165598 DOI: 10.1007/
s10620-008-0702-3]
Kaur S, Cooper G, Fakult S, Lazarus HM. Incidence and outcome
of overt gastrointestinal bleeding in patients undergoing bone
marrow transplantation. Dig Dis Sci 1996; 41: 598-603 [PMID:

23

24

25

26

27

8617143]
Kaur S, Ceballos C, Bao R, Pittman N, Benkov K. Percutaneous
endoscopic gastrostomy tubes in pediatric bone marrow transplant
patients. J Pediatr Gastroenterol Nutr 2013; 56: 300-303 [PMID:
23085894 DOI: 10.1097/MPG.0b013e318279444c]
Khan K, Schwarzenberg SJ, Sharp H, Jessurun J, Gulbahce HE,
Defor T, Nagarajan R. Diagnostic endoscopy in children after
hematopoietic stem cell transplantation. Gastrointest Endosc 2006;
64: 379-85; quiz 389-92 [PMID: 16923486]
Ross WA, Ghosh S, Dekovich AA, Liu S, Ayers GD, Cleary
KR, Lee JH, Couriel D. Endoscopic biopsy diagnosis of acute
gastrointestinal graft-versus-host disease: rectosigmoid biopsies
are more sensitive than upper gastrointestinal biopsies. Am J
Gastroenterol 2008; 103: 982-989 [PMID: 18028511]
Schulenburg A, Turetschek K, Wrba F, Vogelsang H, Greinix
HT, Keil F, Mitterbauer M, Kalhs P. Early and late gastrointestinal
complications after myeloablative and nonmyeloablative allogeneic
stem cell transplantation. Ann Hematol 2004; 83: 101-106 [PMID:
14615909]
Soylu AR, Buyukasik Y, Cetiner D, Buyukasik NS, Koca E,
Haznedaroglu IC, Ozcebe OI, Simsek H. Overt gastrointestinal
bleeding in haematologic neoplasms. Dig Liver Dis 2005; 37:
917-922 [PMID: 16243010]
P- Reviewer: Camellini L, Moussata D S- Editor: Ma YJ
L- Editor: Filipodia E- Editor: Ma S

WJG|www.wjgnet.com

13176

December 14, 2015|Volume 21|Issue 46|

World J Gastroenterol 2015 December 14; 21(46): 13177-13187
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i46.13177

© 2015 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Endoscopy vs surgery in the treatment of early gastric
cancer: Systematic review
André Kondo, Eduardo Guimarães Hourneaux de Moura, Wanderley Marques Bernardo, Osmar Kenji Yagi,
Diogo Turiani Hourneaux de Moura, Eduardo Turiani Hourneaux de Moura, José Gonçalves Pereira Bravo,
Kendi Yamazaki, Paulo Sakai
André Kondo, Eduardo Guimarães Hourneaux de Moura,
Diogo Turiani Hourneaux de Moura, Eduardo Turiani
Hourneaux de Moura, José Gonçalves Pereira Bravo, Kendi
Yamazaki, Paulo Sakai, Gastrointestinal Endoscopy Division,
Department of Gastroenterology, Hospital das Clínicas da
Faculdade de Medicina da Universidade de São Paulo, Sao Paulo
05403-000, Brazil
Wanderley Marques Bernardo, Guidelines Program Coordinator,
Brazilian Medical Association (AMB), Sao Paulo 01333-001,
Brazil
Osmar Kenji Yagi, Gastrointestinal Surgery Division, Sao
Paulo State Cancer Institute (ICESP), Hospital das Clínicas da
Faculdade de Medicina da Universidade de São Paulo, Sao Paulo
01255-000, Brazil
Author contributions: Kondo A did the electronic database
search, revised and read all selected studies, analyzed all data
and graphics, wrote the paper; de Moura EGH scientifically
coordinated the study; Bernardo WM peer-reviewed the paper and
scientifically coordinated the study (biostatistics and evidencebased guidance); Yagi OK translated the article in Japanese and
carried out the analysis; de Moura DTH, de Moura ETH and
Bravo JGP helped with data calculation and graphics creation;
Yamazaki K helped with paper writing; Sakai P scientifically
coordinated the study; all authors reviewed and approved the final
manuscript as submitted.
Conflict-of-interest statement: All the authors declare that they
have no competing interests.
Data sharing statement: The technical appendix, statistical
code, and dataset are available from the corresponding author at
andrekondo@gmail.com. No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on

WJG|www.wjgnet.com

different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: André Kondo, MD, Gastrointestinal
Endoscopy Division, Department of Gastroenterology, Hospital
das Clínicas da Faculdade de Medicina da Universidade de São
Paulo, Sao Paulo 05403-000, Brazil. andrekondo@gmail.com
Telephone: +55-11-26616467
Fax: +55-11-26616467
Received: May 27, 2015
Peer-review started: May 28, 2015
First decision: June 20, 2015
Revised: June 27, 2015
Accepted: September 14, 2015
Article in press: September 15, 2015
Published online: December 14, 2015

Abstract
AIM: To report a systematic review, establishing
the available data to an unpublished 2a strength of
evidence, better handling clinical practice.
METHODS: A systematic review was performed using
MEDLINE, EMBASE, Cochrane, LILACS, Scopus and
CINAHL databases. Information of the selected studies
was extracted on characteristics of trial participants,
inclusion and exclusion criteria, interventions (mainly,
mucosal resection and submucosal dissection vs
surgical approach) and outcomes (adverse events,
different survival rates, mortality, recurrence and
complete resection rates). To ascertain the validity of
eligible studies, the risk of bias was measured using
the Newcastle-Ottawa Quality Assessment Scale. The
analysis of the absolute risk of the outcomes was
performed using the software RevMan, by computing
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risk differences (RD) of dichotomous variables. Data
on RD and 95%CIs for each outcome were calculated
using the Mantel-Haenszel test and inconsistency was
2
2
qualified and reported in χ and the Higgins method (I ).
Sensitivity analysis was performed when heterogeneity
was higher than 50%, a subsequent assay was done
and other findings were compiled.
RESULTS: Eleven retrospective cohort studies were
selected. The included records involved 2654 patients
with early gastric cancer that filled the absolute or
expanded indications for endoscopic resection. Threeyear survival data were available for six studies (n
= 1197). There were no risk differences (RD) after
endoscopic and surgical treatment (RD = 0.01, 95%CI:
-0.02-0.05, P = 0.51). Five-year survival data (n =
2310) showed no difference between the two groups
(RD = 0.01, 95%CI: -0.01-0.03, P = 0.46). Recurrence
data were analized in five studies (1331 patients)
and there was no difference between the approaches
(RD = 0.01, 95%CI: -0.00-0.02, P = 0.09). Adverse
event data were identified in eight studies (n = 2439).
A significant difference was detected (RD = -0.08,
95%CI: -0.10--0.05, P < 0.05), demonstrating better
results with endoscopy. Mortality data were obtained
in four studies (n = 1107). There was no difference
between the groups (RD = -0.01, 95%CI: -0.02-0.00,
P = 0.22).
CONCLUSION: Three-, 5-year survival, recurrence
and mortality are similar for both groups. Considering
complication, endoscopy is better and, analyzing
complete resection data, it is worse than surgery.
Key words: Gastric cancer; Endoscopy; Gastroscopy;
Gastrectomy; Surgery; Systematic review
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As clinical and oncological outcomes of
endoscopic resection of early gastric cancer compared
to surgery have not been reported in systematic
reviews, this study adds an important value to scientific
literature, as it establishes and unifies data regarding
this comparison. There are only retrospective cohort
studies on this topic (2b evidence-level according to
Oxford Centre). This review brings the information
to an unpublished 2a strength of evidence, better
handling nowadays clinical practice.
Kondo A, de Moura EGH, Bernardo WM, Yagi OK, de Moura
DTH, de Moura ETH, Bravo JGP, Yamazaki K, Sakai P.
Endoscopy vs surgery in the treatment of early gastric cancer:
Systematic review. World J Gastroenterol 2015; 21(46):
13177-13187 Available from: URL: http://www.wjgnet.
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org/10.3748/wjg.v21.i46.13177
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INTRODUCTION
Rationale

Almost one million new cases of stomach cancer were
estimated to have occurred in 2012 (952000 cases,
6.8% of the total), making it the fifth most common
malignancy in the world, after cancers of the lung,
[1]
breast, colorectum and prostate . Despite advances
in diagnosis and treatment, prognosis of gastric cancer
remains poor, usually attributed to diagnosis at a late
stage.
Early gastric cancer (EGC) was defined by the
Japanese Society of Gastroenterological Endoscopy
in 1962 as adenocarcinoma involving mucosa or sub
[2]
mucosa irrespective of nodal status . While radical
gastrectomy can achieve adequate oncological clearance
with wide resection margins and lymphadenectomy,
it poses significant perioperative morbidities and
compromises long-term gastrointestinal function as
[3]
well as quality of life . With the low risk of lymph node
metastasis, methods of endoscopic treatment were
[4]
pioneered for EGC .
According to current guidelines, absolute indi
cation for endoscopic treatment of EGC is defined as
moderately or well-differentiated intramucosal adeno
carcinoma that is elevated and smaller than 2 cm
in diameter or is depressed and smaller than 1 cm
[5]
without ulceration . The absolute (standard) indication
criteria, however, is so strict that unnecessary sur
[6]
geries are likely performed . Therefore, expanded
[5]
criteria for endoscopic resection was suggested and
many reports have shown good results. Gotoda et
[6]
al proposed this criteria: (1) mucosal cancer without
ulcer findings, irrespective of tumor size; (2) mucosal
cancer with an ulcer ≤ 3 cm in diameter; and (3)
minimal (≤ 500 μm from the muscularis mucosa)
submucosal invasive cancer ≤ 3 cm in size.
This study adds an important value to scientific
literature as it establishes, unifies and, accordingly, set
the available published data regarding the best way to
treat ECG.

Objectives

Clinical and oncological outcomes of endoscopic
resection in patients with EGC, compared to surgery,
have not been reported in systematic reviews.
This systematic review and meta-analyses was
developed to address the short- and long-term outcomes
of endoscopic resection compared to surgery in the
treatment of EGC.

MATERIALS AND METHODS
Protocol and registration

This study was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic
[7]
reviews and Meta-analyses) recommendations. The

13178

December 14, 2015|Volume 21|Issue 46|

Kondo A et al . Treatment of early gastric cancer
review was registered on PROSPERO international
[8]
database (www.crd.york.ac.uk/prospero/) under
number CRD42014015127.

Eligibility criteria

Types of studies: Clinical trials and/or observational
studies of adequate quality; Types of participants:
Patients with EGC; Types of intervention: Endoscopic
treatment and surgery; Types of outcome measures:
Basically, procedure-related adverse event, short- and
long-term survival rates.

Information sources

Studies were identified searching electronic databases
and scanning reference lists of the selected articles. No
limits were initially applied for language. This search
was applied for Medline and EMBASE (considering all
years), Cochrane and LILACS (via BVS), Scopus and
CINAHL (via EBSCO). The last manual search was run
th
on January, 20 , 2015 and automatic updates were
evaluated for new studies monthly until April, 2015 for
Medline.

Search

The following search strategy, stratified by the
components Population (P), Intervention (I) and
Comparison (C), based on MeSH terms, was first used
for MEDLINE, named MAINMEDLINE for abbreviation
purposes: P: “{[Gastric cancer (MeSH)] OR [(Adeno
carcinoma OR Carcinoma OR Early Detection of Cancer
OR Carcinoma in Situ OR Polyps) AND (Stomach OR
Gastric)] OR [(Gastric Mucosa OR Early Diagnosis)
AND (Gastric Cancer)]} AND I: [Endoscopy (MeSH) OR
Endoscopy, Digestive System (MeSH) OR Endoscopy,
Gastrointestinal (MeSH)] AND C: [Gastrectomy (MeSH)
OR Digestive System Surgical Procedures (MeSH) OR
Surgery (Subheading) OR General Surgery (MeSH) OR
Minimally Invasive Surgical Procedures (MeSH)]”.
Aiming high quality studies, MAINMEDLINE was
filtered twice (#1 and #2): #1 “(MAINMEDLINE AND
random*)”; and #2 “(MAINMEDLINE AND therapy/broad
[filter]). The totality of articles was obtained mixing the
investigation in the Pubmed Advanced Search Builder:
“(#1 OR #2).” The Medline search strategies were
peer reviewed (Kondo A and Bernardo WM).
The EMBASE search was: “[(gastric cancer
AND endoscopy AND surgery) AND (“clinical trial”
OR “controlled study” OR “major clinical study” OR
“prospective study” OR “retrospective study”)]”. For
Cochrane, LILACS, Scopus and CINAHL, the search was:
“(gastric cancer AND endoscopy AND surgery)”.

Study selection

Eligibility assessment and the selection of screened
records were performed independently in an unblinded
standardized manner by the reviewers. Disagreements
were resolved by consensus.

Data collection process

The method of data extraction consisted of filling
WJG|www.wjgnet.com

out information sheets. A Scottish Intercollegiate
[9]
Guidelines Network (SIGN) based checklist was used.
Relevant data were extracted from each included study
using a standardized extraction form. Extracted data
were double checked by the reviewers. Disagreements
were resolved by discussion.

Data items

Information was extracted on: (1) characteristics of
trial participants (including age and pattern of different
types of EGC), trials’ inclusion and exclusion criteria,
length of follow-up; (2) interventions (considering
different modalities in endoscopic treatment, mainly
mucosal resection and submucosal dissection; vs
surgical approach: tailored gastrectomy and respective
lymphadenectomy, if necessary, according to tumor
stage); and (3) outcomes (adverse events, different
survival rates, mortality, recurrence and complete
resection rates).
Overall 3- and 5-year survival rates included
patients alive in these analyzed follow-up periods,
despite the presence or absence of cancer.
Treatment-related morbidity and adverse events
include any adverse procedure-related implication.
Complete resection was considered the total removal
of gastric cancer, using surgical or endoscopic approach,
with no residual viable cell on the local procedure lay.
Recurrence was characterized by the reappearance
of gastric cancer after its treatment, and after a
period of no clinical or imagenological detection. It
was considered both local and distant recurrence
for analysis. Metachronous gastric cancer was not
considered in this set.
Mortality data are based on procedure-related
death.

Statistical analysis

Risk of bias in individual studies: To ascertain the
validity of eligible studies, the reviewers measured
the risk of bias using the Newcastle-Ottawa Quality
[10]
Assessment Scale
for cohort studies and the
[9]
Scottish Intercollegiate Guidelines Network checklist .
The critical evaluation of the included trials should
reveal a score ≥ 6, total of 9 highest possible score.
The levels of evidence according to the Oxford Centre
[11]
for Evidence-based Medicine
(2009 classification)
were obtained.
Summary measures: The analysis of the absolute
risk of survival rates, adverse event, complete resec
tion, recurrence and mortality rates was performed.
Also, data on absolute risk reduction (ARR) or increase
(ARI) and number needed to treat (NNT) or harm
(NNH) were analyzed on main outcomes, with 95%CI.
Planned methods of analysis: The analysis was
performed using the software Review Manager
[12]
(RevMan) 5.3 , by computing risk differences (RD) of
dichotomous variables using fixed-effects model and
providing the respective forest and funnel plots. Data
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on RD and 95%CIs for each outcome were calculated
using the Mantel-Haenszel test and inconsistency
2
(heterogeneity) was qualified and reported in χ and
2
the Higgins method, termed I . Data on ARR or ARI
and NNT or NNH were obtained using the Critically
[13]
Appraised Topic (CAT)
software. The statistical
review of the study was performed by a biomedical
statistician (Bernardo WM).
Risk of bias across studies: Risks of publication
bias for outcomes across studies were plotted (funnel
2
plots) and identified (outliers detection), along with I
quantitative analysis.
Additional analyses: The cut-off value for hetero
geneity of 50% was assumed to be adequate for this
meta-analysis. Trying to find out if the results from this
meta-analysis are adequate and reliable for medical
practice and not arbitrary or based in unclear data,
sensitivity analysis was performed when heterogeneity
2
(I ) was higher than 50%. A subsequent assay was
done, excluding the outliers, and other findings were
compiled. When outliers were not detected, true
heterogeneity was presumed, i.e., publication bias was
excluded.

RESULTS
Study selection

Six thousand, three hundred and eighty six (6386)
studies were screened and the articles assessed for
eligibility were selected after the title and abstract
were read. Six thousand, three hundred and seventy
six (6376) articles were excluded because they did
not contemplate the following comparison. Ten studies
compare endoscopic treatment vs surgery in the
treatment of EGC. Scanning the reference lists of the
selected articles, two more studies were found (Fukase
[14]
[15]
et al
and Etoh et al ). These articles were not
identified in the initial search strategy for two reasons.
The study published by Fukase in 1994 did not have its
journal (Digestive Endoscopy) indexed until then. The
article written by Etoh in 2005 would be found if the
Medline filter “[epidemiologic methods]”, not used, was
applied. A clinical series study was excluded (Teixeira
et al, Arq Gastroenterol, 1992). Eleven studies were
included in quantitative and qualitative synthesis. An
adapted PRISMA flow diagram illustrates the study
[7]
selection process (Figure 1) .

Study characteristics

Methods: The eleven studies selected were retro
spective cohorts (RC). Ten were published in English
and the other one was an article written in Japanese
(translated by Yagi OK). No randomized controlled
trials were found.
Participants: The included records involved 2654
patients. The inclusion criteria entailed adults with EGC

WJG|www.wjgnet.com

that filled the absolute (AI) or expanded indication (EI)
for endoscopic resection. As the number of studies was
relatively small, all follow-up periods, in months, were
adopted. The studies published by Fukase and Nishida
[16]
et al considers the Kaplan Meier curve.
Intervention: Different endoscopic treatment moda
lities were analyzed, mainly endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection
(ESD). Mucosectomy with ligation device (EMR-L) and
high-frequency cauterization (HFC) was also verified.
Comparison: Tailored modalities of surgical proce
dures (mainly, gastrectomy ± lymphadenectomy)
were compared to endoscopic approach.
Outcomes: The primary outcomes assessed were the
short- and long-term survival rates (SR), e.g., 3-, 5and 10-year. The secondary and additional outcomes
were: adverse event (AER), complete resection (CRR),
recurrence (RR) and mortality rates (MR). A summary
of the characteristics of the included studies is shown
[14-24]
in Table 1
.

Risk of bias within studies

Using a standard approach with defined criteria, risk
of bias was assessed to define methodological quality
and the levels of evidence were compiled, as shown in
[14-24]
Table 2
.
Two studies obtained score 7 according to the
[10]
Newcastle-Ottawa Quality Assessment Scale
for
cohort studies. Other two scored 8 points and seven
studies reached 9 points.
Aiming to increase confidence in the strength of
association between exposure and outcomes, other
parameters were used. According to the Scottish
[9]
Intercollegiate Guidelines Network checklist , all studies
were considered acceptable, i.e., having some flaws and
an associated risk of bias (possibility of conclusion change
in the light of further studies). The SIGN classification
considers three category levels: 0 (low quality), +
(acceptable) and ++ (high quality). The included studies
were classified as having level of evidence 2b (2009
[11]
Oxford Centre for Evidence-based Medicine) .

Results of individual studies

The results of individual studies are show in absolute
numbers in the next forest plots.

Synthesis of results (meta-analyses), risk of bias across
studies and additional analyses

Three-year survival data were available for six studies,
reporting information of 1197 patients, as shown
in Figure 2. In the pooled analysis, there were no
differences in 3-year survival data after endoscopic
and surgical treatment of EGC [risk difference (RD) =
2
0.01, 95%CI: -0.02-0.05)]. Heterogeneity was low (I
= 31%).
Five-year survival data were identified in nine
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Additional records identified
through other sources
(n = 4363) - EMBASE = 1857,
Scopus = 2255, CINAHL = 95,
LILACS = 88, Cochrane = 68

Screening

Identification

Records identified through
database searching (medline)
(n = 2023)

Records excluded
(n = 6376)
Not related to the
objective

Records screened
(n = 6386) + 2 (obtained by scanning
reference lists)

Full-text articles
excluded, with reasons
(n = 1)
Teixeira et al ., Arq
Gastroenterol, 1992 clinical series

Eligibility

Full-text articles
assessed for eligibility
(n = 12)

Included

Studies included in qualitative
synthesis
(n = 11)

Studies included in
quantitative synthesis
(n = 11)

Figure 1 Search strategy and study selection flowchart.

Table 1 Summary of included studies evaluating the treatment of early gastric cancer
Ref.
Nishida et al[16]
Fukase et al[14]
Kim et al[17]
Etoh et al[15]
Choi et al[18]
Chiu et al[19]
Fukunaga et al[20]
Park et al[21]
Kim et al[22]
Choi et al[23]
Kim et al[24]

Study
design

No. of
patients

Inclusion
criteria

EA

RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC

109
175
55
93
551
114
287
225
213
375
457

AI
AI
AI
AI
AI
AI
AI or EI
AI or EI
AI or EI
AI
EI

EMR, laser
EMR, HFC, laser
EMR-L
EMR
EMR
ESD
ESD
ESD
ESD
EMR, ESD
EMR, ESD

SA

Follow-up (median)

Outcomes

EA + SA
Not specified
Not specified
Gastr + lymphadenect
Gastrectomy
Gastrectomy
Gastr + lymphadenect
Not specified
Gastr + lymphadenect
Gastr + lymphadenect
Gastr + lymphadenect
Gastr + lymphadenect

(2-3 yr)
6 mo (5-10 yr)
35.3 mo + 29.3 mo
57 mo
81 mo + 88 mo
27 mo + 77.6 mo
45.3 mo + 67.2 mo
17.6 mo + 24.2 mo
76.7 mo + 65.5 mo
76.4 mo
58.6 mo

3-5 yr SR + CRR
5-10 yr SR + CRR
3 yr SR + CRR + RR
3-5 yr SR + CRR + AER + MR
3-5-10 yr SR + RR + AER + MR
3 yr SR + AER + MR
5 yr SR + AER + RR
5 yr SR + RR + AER + MR
3 yr + 5 yr + CRR + AER + RR
5 yr SR + RR + AER
5 yr SR + RR + AER

EA: Endoscopic approach; SA: Surgical approach.

studies. However, significant heterogeneity was initially
2
2
detected (χ = 20.87 and I = 62%). Sensitivity
analysis, through a funnel plot, identified one study
(outlier) differing from the others (Fukase, 1994).
Exclusion of this study decreased the statistical
heterogeneity to 0% (Figure 3) and did not affect the
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finding of no evidence of a difference in 5-year survival
rate between endoscopic and surgical treatment of
EGC (RD = 0.01, 95%CI: -0.01-0.03). Information of
2310 patients was obtained.
In a subgroup analysis, considering the available
six studies comparing ESD vs surgery, four cohorts

13181

December 14, 2015|Volume 21|Issue 46|

Kondo A et al . Treatment of early gastric cancer
Table 2 Quality measures of the analyzed studies: Newcastle-Ottawa Scale - Bias measures
Length and
Assessment
Comparability of
Representativeness Ascertainment Demonstration that
of exposed cohort of exposure outcome of interest cohorts on the basis of of outcome adequacy of
(max. 1 follow up (max.
was not present at the design or analysis
(max. 1
and selection of the
2 points)
point)
(max. 2 points)
start of study (max.
point)
non exposed cohort
1 point)
(max. 2 points)

Ref.

Nishida et al[16]
Fukase et al[14]
Kim et al[17]
Etoh et al[15]
Choi et al[18]
Chiu et al[19]
Fukunaga et al[20]
Park et al[21]
Kim et al[22]
Choi et al[23]
Kim et al[24]

Study or subgroup
Nishida 1993
Kim 2000
Etoh 2005
Choi 2011
Chiu 2012
Kim 2014

2
2
2
2
2
2
2
2
2
2
2

Endoscopy
Events
Total
37
52
14
15
40
49
164
172
133
140
137
142

1
1
1
1
1
1
1
1
1
1
1

Surgery
Events
Total
46
57
17
17
32
44
365
379
52
59
65
71

Total (95%CI)
570
627
Total events
525
577
2
2
Heterogeneity: χ = 7.28, df = 5 (P = 0.20); I = 31%
Test for overall effect: Z = 0.65 (P = 0.51)

1
1
1
1
1
1
1
1
1
1
1

1
1
2
2
2
1
1
2
2
2
2

Weight
10.2%
3.0%
8.7%
44.6%
15.6%
17.8%

Risk difference
M-H, fixed, 95%CI
-0.10 [-0.26, 0.06]
-0.07 [-0.23, 0.10]
0.09 [-0.08, 0.26]
-0.01 [-0.05, 0.03]
0.07 [-0.02, 0.16]
0.05 [-0.02, 0.12]

100.0%

0.01 [-0.02, 0.05]

1
1
1
1
1
1
1
1
1
1
1

1
1
2
2
2
2
2
2
2
2
2

Score and levels of
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Figure 2 Three-year survival data after endoscopic and surgical treatment of early gastric cancer.

(1014 patients) evaluated the five-year survival. There
was no difference between endoscopic and surgical
treatment of EGC (RD = 0.02, 95%CI: -0.01-0.05), as
shown in Figure 4.
Adverse events include any harmful procedurerelated implications, such as anastomotic leakage,
stenosis, perforation, hemorrhage, infection, mechanical
ileus, herniation or, even, clinical illness decompensation
(acute renal failure, pulmonary infection, myocardial
infarction and so on).
Adverse event data were identified in eight studies
(Figure 5). A high heterogeneity was initially detected
2
2
(χ = 34.50 and I = 80%), a funnel plot was drawn
and two outliers detected (Chiu, 2012 and Kim, 2014).
As, excluding these studies, heterogeneity persisted
2
2
high (χ = 9.95 and I = 50%) and there was no
change in diamond trend, they were kept for metaanalysis. The same finding was obtained if the random
effects model was applied. Data analysis of 2439
patients showed significant difference (RD = -0.08,
95%CI: -0.10--0.05), demonstrating better results
with endoscopic approach. The pooled NNT (1/[RD])
was 12.
In the ESD subgroup analysis, five studies (1252
patients) evaluated the adverse event data. A high
2
heterogeneity was initially detected (χ = 28.79 and
2
I = 86%), a funnel plot was drawn and two outliers
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detected (Park, 2014 and Choi, 2015). As, excluding
these studies, heterogeneity persisted high and there
was no change in diamond trend, they were kept
for meta-analysis. Data analysis showed significant
difference [RD = -0.12, 95%CI: -0.15-(-0.08)],
favouring endoscopic approach (Figure 6).
Complete resection data comparing endoscopic and
surgical treatment of EGC were seen in five studies.
2
The heterogeneity was represented by χ = 13.59 and
2
I = 71%. The funnel plot analysis showed an outlier
(Nishida, 1993). Excluding this study, heterogeneity
2
dropped (I = 41%%) and there was no change
in diamond trend. Data analysis, thus, was made
considering a total amount of 536 patients and four
studies. It showed significant difference in complete
resection rates [RD = -0.13, 95%CI: -0.17-(-0.09)],
exhibiting improved results in the surgical group (Figure
7). The pooled NNH (1/[RD]) was 7.
Recurrence data were identified in seven studies
2
and the heterogeneity was represented by χ =
2
16.51 and I = 64%. The funnel plot analysis showed
two outliers (Choi, 2015 and Kim, 2015). Excluding
2
these studies, heterogeneity dropped (I = 13%)
and there was a change in diamond trend. A total of
1331 patients were analyzed (Figure 8). There was no
difference in terms of recurrence between endoscopic
and surgical treatment of EGC (RD = 0.01, 95%CI:
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Figure 3 Five-year survival data after endoscopic and surgical treatment of early gastric cancer (excluding outlier).
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Figure 4 Five-year survival data after endoscopic submucosal dissection and surgical treatment of early gastric cancer.
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Figure 5 Adverse event data after endoscopic and surgical treatment of early gastric cancer.

-0.00-0.02).
Mortality data include peritonitis due to perforation
at the operation site, small bowel strangulation, splenic
artery bleeding and anastomosis site leakage.
Mortality data were obtained in four studies and
a total of 1107 patients were analyzed (Figure 9). No
2
2
heterogeneity was detected (χ = 0.85 and I = 0%).
In the pooled analysis, there was no evidence of a
difference in terms of mortality between endoscopic
and surgical treatment of EGC (RD = -0.01, 95%CI:
-0.02-0.00).
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DISCUSSION
The reported analysis combines data across studies in
order to verify treatment effects with more precision
than is possible in a single study. The greater advan
tage is that it increases the level of evidence of single
retrospective cohort studies from 2b to 2a (systematic
[11]
reviews of 2b studies) according to Oxford Centre .
Although gastrectomy (associated or not with
lymphadenectomy) is the conventional oncologic
surgical procedure to treat early gastric cancer, endo
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Figure 6 Adverse event data after endoscopic submucosal dissection and surgical treatment of early gastric cancer.
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Figure 7 Complete resection data after endoscopic and surgical treatment of early gastric cancer (excluding outlier).
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Figure 8 Recurrence data after endoscopic and surgical treatment of early gastric cancer (excluding outliers).

scopic approach has become an interesting and less
[5,6]
invasive alternative for a select group of patients .
Basically, the two main endoscopic approaches
consist of tumor resection, whether it is EMR or ESD.
Many studies have demonstrated that endoscopic
[25-29]
treatment of EGC is safe, even for elderly patients
.
Nowadays, specially after 2004, EMR was replaced
with ESD, which has higher rates of en bloc and
[30]
complete endoscopic and pathological resection .
Even disregarding the oldest studies, published in the
[16]
[14]
early 1990s by Nishida et al
and Fukase et al ,
when endoscopic resection was not completely and
well-established, the three-, five-year survival rates
and complete resection data did not significantly
changed.
This systematic review fails to compare, on a
subgroup analysis, the complete resection rates of ESD
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vs surgery. Although it is known that gastric tumor R0
resection is nearly 100% with surgical approach, no
study regarding this comparison was found. According
[22]
[23]
to Kim et al and Choi et al , the complete resection
rates, considering ESD, may reach 97.7% in some
selected cases. These high total resection rates resulted,
as seen previously in Figure 8, in lower recurrence rates,
similar to surgery group. It is important to highlight
that, even in situations of positive resection margins, an
additional endoscopic treatment is feasible.
Although the expanded criteria proposed by
[6]
Gotoda was based on surgical specimens analysis,
usually clinicians choose treatment modality based
on limited information, such as endoscopic gross
[21]
finding and histopathology of biopsy specimens . It
is known that, in some cases, a high rate of histologic
discrepancy between endoscopic forceps biopsy and
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Figure 9 Mortality data after endoscopic and surgical treatment of early gastric cancer.
[31]

endoscopic resection specimens may be present . An
important limitation of the available studies is that the
obtainable data includes retrospective final pathology
after endoscopic resection and surgery, rather than the
criteria of pretreatment evaluation. Nevertheless, all
data considered only patients with EGC, adding, on the
other hand, more strength to the evidence. However,
as previously cited, recent studies have implied that
long-term outcomes of ESD for non-differentiated EGC
[32,33]
are great
.
Some recent studies indicate comparable results
between absolute and expanded indications, and
considering all variables involved in treatment decision,
a less harmful position should be first considered
and, if possible, adopted. Thus, a cautious and careful
approach on patients filling the expanded criteria
ought to be chosen, once a limited number of studies,
reporting equivalent outcomes to surgery, are published.
An unexpected inadequate endoscopic resection or
recurrence identification would be inconveniences
related to this practice. Thus, well-designed prospective
randomized clinical trials are needed to evaluate the
outcomes of endoscopic resection, considering the
expanded indications.
The decision of which treatment modality is the best
comprises a complex interaction of factors, such as
patient clinical condition and age, tumor characteristics,
physician expertise (surgeon, pathologist and endo
scopist) and hospital infrastructure.

Summary of evidence

Overall, the evidence of survival rates seems to be
enough to determine the comparative effectiveness of
endoscopic resections over surgical procedures, once
no statistically significant difference was seen.
Analyzing the nine studies contemplating 5-year
[14]
survival, only one study (Fukase et al , 1994) was
discrepant from the others. This study was removed
from pooled analysis (outlier). In a subgroup analysis,
considering the available six studies comparing ESD vs
surgery (1014 patients), no difference was verified.
Some other reports have shown that endoscopic
treatment for EGC can achieve survival rates similar
to those seen in patients that undergo surgical proce
dures, irrespective the criteria adopted. However, welldesigned prospective randomized controlled trials
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should be performed to assign this statement properly.
Acceptable evidence was appointed regarding
adverse event rates. Data analysis of 2439 patients
showed significant difference favouring endoscopic
treatment. The pooled NNT was 12. Considering
that the selected studies were done in specialized
centers, with high gastrointestinal surgical volume
and excellence endoscopic units, reproducibility must
be interpreted with caution. In the ESD vs surgery
subgroup analysis (1252 patients), significant difference
favouring endoscopic approach was also detected.
Data on complete resection rates confirm the
advantages of surgical procedures in obtaining free
resection margins, as they have wider boundaries.
There was a significant difference favouring gas
trectomy group (RD = 13%, P < 0.0001, NNH = 7).
Although significantly more efficient in R0 resection,
surgery incorporates an inherent risk of adverse
events, even in experienced hands. It is reported a
lower complete resection rates of EGC performing
[16,17]
EMR
. More than one session was needed in some
studies, although authors emphasize the possibility of
sequential endoscopic resection procedures or, even,
rescue surgery. Nowadays, enlarged dissections, such
ESD, improve these results. This sequential approach
seems to have no effect in survival rates, as evidenced.
Data on recurrence demonstrated no difference
between endoscopic and surgical treatment after a
complete tumor removal, i.e., R0 resection (RD =
1%, P = 0.09), irrespective the number of endoscopic
sessions needed to achieve this objective. As mentioned
above, endoscopic retreatment or salvage surgery may
be the choice according to tumor restaging.
Mortality data showed no evidence of a difference in
the four meta-analyzed studies (RD = 1%, P = 0.22).
Important to remember is that statistical sign
ificance of the effect does not always suggest clinical
relevance, or likewise, a non-significant result may
not mean the ineffectiveness of a treatment. All
data should be considered in the context of different
patients and settings.
Nowadays, unnecessary surgeries seem to be
performed in some early cancers and elderly patients,
what could improve morbidity and mortality rates.
Recent studies report a beneficial impact, favouring
prognosis, in selected patients when considering age
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and comorbidities. Although not addressed in this
review, endoscopic treatment shows better perioperative
outcomes in terms of procedure time, costs and
[18,19,21]
hospital stay
. Thus, endoscopic treatment has
its role increased in recent times due to technology
development, indication expansion, tumor oncological
aspects, patient clinical condition, early diagnosis and
physician enthusiasm.
Despite the treatment guidelines, it is equally, or
even more, important that these patients be treated in
reference centers, used to a high-volume routine and
host of specialized and meshed professionals, whatever
the approach. Generalization to nonspecialized
institutions requires discretion, aiming to improve
outcomes.

Limitations

Publication bias regards to a problematic tendency
of researchers to handle the reporting of results that
are positive and good, leading to a misleading bias
[34]
in the overall published literature . It was detected
on funnel plot analysis for the outcomes of 5-year
survival, complete resection and recurrence data.
A limitation within this meta-analysis is the
presence of heterogeneity detected within some
outcomes and low number of studies in this topic.
Although sensitivity analysis was done, some degree
of heterogeneity is inevitable and it may undermine
the quality and legitimacy of the results obtained. The
2
categorization of values for I considers adjectives
of low, moderate and high to 25%, 50%, and 75%,
[35]
respectively . Quantification of heterogeneity is
only one component of a wider investigation of
variability across studies and the observed degree of
inconsistency may have clinical implications.
The retrospective nature of the selected studies
is also a limitation compared to prospectively and
randomized collected database. The choice of
endoscopic resection or surgery was not based on
randomization. Although some studies used propensityscore matching to minimize selection biases, hidden
ones may remain with the influence of unmeasured
confounders.
In conclusion, addressing the outcomes of endo
scopic resection compared to surgery in the treatment
of early gastric cancer, this systematic review con
cludes that 3-, 5-year survival, recurrence and mor
tality rates are similar.
Considering procedure-related adverse event
rates, endoscopic approach achieves significantly
better results and, analyzing complete resection data,
surgical procedures are preferred.
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Peliosis hepatis (PH) is a disease characterized by
multiple and small, blood-filled cysts within the
parenchymatous organs. PH is a very rare disease,
more common in adults, and when it affects the liver, it
comes to the surgeon’s attention only in an extremely
urgent situation after the lesion’s rupture with the
resulting hemoperitoneum. This report describes the
case of a 29-year-old woman affected by recurring
abdominal pain. Computed tomography scans showed
a hepatic lesion formed by multiple hypodense areas,
which showed an early acquisition of the contrast
during the arterial phase. Furthermore, it remained
isodense with the remaining parenchyma during
the late venous phase. We decided on performing a
liver resection of segment Ⅶ while avoiding a biopsy
for safety reasons. The histopathologic examination
confirmed the diagnosis of focal PH. PH should always
be considered in the differential diagnosis of hepatic
lesions. Clinicians should discuss the possible causes
and issues related to the differential diagnosis in
addition to the appropriate therapeutic approach. The
fortuitous finding of a lesion, potentially compatible
with PH, requires elective surgery with diagnostic and
therapeutic intents. The main aim is to prevent the
risk of a sudden bleeding that, in absence of properly
equipped structures, may have a fatal outcome.
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Core tip: This report describes the case of a 29-yearold woman affected by recurring abdominal pain.
Computed tomography scans showed a hepatic lesion
formed by multiple hypodense areas, which showed
an early acquisition of the contrast during the arterial
phase. We performed a liver resection of segment
Ⅶ while avoiding biopsy for safety reasons. The
histopathologic examination confirmed the diagnosis of
focal hepatic peliosis. Surgery was successful and the
patient had a good recovery.
Crocetti D, Palmieri A, Pedullà G, Pasta V, D’Orazi V, Grazi GL.
Peliosis hepatis: Personal experience and literature review. World
J Gastroenterol 2015; 21(46): 13188-13194 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i46/13188.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i46.13188

INTRODUCTION
Peliosis hepatis (PH) is a disease characterized
by multiple, small, blood-filled cysts within the
parenchymatous organs. PH is a very rare disease that
comes to the surgeon’s attention just after the rupture,
even spontaneous, of the lesion, resulting in a massive
hemoperitoneum. In this particular case, PH becomes
[1-5]
a potentially fatal disease .

CASE REPORT
This case involves a 29-year-old woman who was
hospitalized at the Hepato-Pancreato Biliary Surgery
Unit at Rome “Regina Elena” Cancer Institute because
of recurrent, though discontinuous over the years,
abdominal pain. The pain initiated from the back
and had become chronic since 2006, when she was
subjected to a laparoscopic cholecystectomy for
gallbladder stones and without any postoperative
complications.
The patient came to our hospital for persistent
symptoms after cholecystectomy, characterized by
epigastric pain that spread to the shoulder blade area.
Past medical history was negative for other kinds of
abdominal diseases. The ultrasound did not show the
presence of hepatic masses, except for the presence
of biliary sand. The patient did not report chronic
use of drugs, such as steroids or oral contraceptives,
antibiotics, estrogens, or tamoxifen. The past medical
history was negative for infection with Rickettsia,
hepatitis, human immunodeficiency virus (HIV),
tuberculosis, and other diseases of the hematopoietic
system. Abdominal ultrasound showed multiple, low
echogenicity liver cysts in the right lobe in addition to
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Figure 1 Computed tomography (arterial phase). The lesion is composed of
greater areas of low attenuation and shows an early acquisition of the contrast.

some other high echogenicity areas, mainly located in
the seventh segment (total diameter = 4 cm). These
features suggested the presence of multiple abscesses
or a newly formed process of indeterminable nature.
A contrast Computed tomography (CT) was also
performed: the lesion appeared to be comprised of
multiple low-attenuation areas, and an early acquisition
of contrast (Figure 1) with centrifugal progression
was noticed during the arterial phase. The entire
parenchyma appeared as homogeneously isodense as
large vessels during the late venous phase such that
the lesion was indistinguishable.
The patient was also subjected to magnetic
resonance imaging (MRI) examination both with and
without contrast. In T2-weighted sequences, the lesions
were as hyperintense as the remaining parenchyma
with multiple high-signal spots (Figure 2A); in T1weighted sequences the lesions were hypointense
(Figure 2B). As in CT, an early enhancement was found.
CT and MRI images did not guide the diagnosis for
any of the hepatic lesions most commonly identified.
The only plausible hypothesis seemed to be that of a
hemangioma, even though the presence of necrotic
areas of persistent attenuation requires a differential
diagnosis with abscesses, hematomas, and liver tumors.
Percutaneous biopsy was not performed because
the mass was located in the liver and because of the
remarkable vascularization of the lesions.
Due to the variety of pathologies, including cancer,
that may determine a biliary duct dilatation with pain
and/or segmental Caroli’s disease, and the impos
sibility to establish or exclude the presence of PH in
the differential diagnosis, we decided to operate on the
patient, fully removing the lesion via the resection of
segment Ⅶ with diagnostic and therapeutic intent.
The histopathologic examination confirmed the
presence of hemorrhagic cyst cavities in the liver paren
chyma, sized from less than one to several millimeters
in diameter, and excluded the presence of neoplastic
cells. The histopathologic features were useful for the
diagnosis of the focal PH (Figures 3 and 4).
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Figure 2 Magnetic resonance. A: T2-weighted sequence. The lesion is as hyperintense as the remaining parenchyma with multiple foci of high-signal intensity; B:
T1-weighted sequence. The lesion appears hypointense.

Figure 3 Hepatic tissue with pseudovascular pattern (without
endothelium) filled with debris and erythrocytes. Note the presence of rich
intratissutal capillary vessels (Hematoxylin and eosin; magnification × 200).

Figure 4 Pseudovascular spaces associated with reactive lymphoid
aggregates with macrophage cells and tissutal hystiocytes (Hematoxylin
and eosin, magnification × 200).

DISCUSSION

adults, even though it can also be found in pediatric
[11,14,15]
patients
. PH pathogenesis remains uncertain,
[14]
but Pan et al
divided the etiologic factors between:
(1) factors related with drugs; (2) factors related with
autoimmune mechanisms; and (3) factors related with
infectious cases.
Over time, many drugs have been associated
with PH onset, such as steroids, oral contraceptives,
tamoxifen, methotrexate, thiopurine, azathioprine,
and iron chelators, in addition to several toxins, such
as arsenic or thorium. Even alcohol consumption
facilitates the onset of PH, as it reduces the amount
of glutathione that would have a protective and
detoxifying effect for sinusoidal endothelial cells,
especially during the metabolism of immunomodulatory
[7,14,16]
drugs. As previously reported
, patients who
take these kinds of drugs are more likely to develop
[7,8,17,18]
PH
. There is also severe risk in association with
neoplastic diseases (such as hepatocellular carcinoma),
in particular myeloproliferative disease, or in those
[13,14,19-21]
diseases involving the lymphatic system
,
[13,22]
and Castleman’s disease
. Some authors have
reported associations between arteritis, telangiectasia,
[10,23,24]
and intestinal lymphangiectasia
and cases of
portal circulation hypertension in un-transplanted
[25]
[26,27]
patients
and cases of myopathy tubular
, cystic

PH was first described in 1861 by E. Wagner. In 1916,
W. Schoenlack denominated it peliosis from the Greek
[6-8]
word “pelios” that means “reddish” or “bluish” . Its
pathogenesis remains uncertain, though the triggering
event that produces the dilation of sinusoids might
be due to an altered outflow with the consequent
damage of the sinusoids’ walls and the dilatation of the
[9,10]
central vein of the hepatic lobule
. A pathogenesis
determined by the hepatocellular necrosis with the
subsequent formation of blood-filled cavities is also
[10,11]
supposed
.
PH could have a focal development within liver paren
[6,12]
chyma, even though more often it is widespread
.
Even the possibility of hepatic rupture varies in
percentage considering the different sites of the
disease: on the right liver in 75% of the cases, on the
left liver in 11% of the cases, and on both in 14% of
[1]
the cases .
Although most commonly identified in the liver, the
same process may occur in the spleen, bone marrow,
lymph nodes, and more rarely in lungs, stomach,
intestine, parathyroid, pancreas, pituitary gland, and
[2,5-7,13]
kidneys
. Its incidence does not vary according
to sex, and a greater frequency is observed among
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[2]

[13]

fibrosis , and celiac disease . Other authors have
described associations between PH and leprosy,
tuberculosis, or sifilidis, or more in general, infectious
[2,8,11,13,28,29]
cases of HIV
, such as the bacillus infection
of Rickettsia family (Rochalimaea henselae and R.
[2,6,13,30]
quintana)
. In 20%-50% of the cases it is not
possible to identify any comorbidity.
Imaging studies (CT angiography, ETG and MRI
angiography), though carried out using hepatospecific
contrast in hepatic sites of the disease, did not allow a
[11,30-37]
clear diagnosis of PH
. The differential diagnoses
in hepatic localizations include adenomas, hemangioma,
focal nodular hyperplasia, Caroli’s disease, multiple
[3,11,20,32,38,39]
abscesses, and metastatic adenocarcinomas
.
Lesions may show a variable diameter from a few
[5,38,40]
millimeters up to more than 4 cm
. Ultrasound
scans may show a pseudocystic lesion of the hepatic
parenchyma, which may correspond to venous lakes
that are commonly described upon histopathologic
[5]
examination . Even the condition of the hepatic
parenchyma determines the sonographic features of
PH, which appears hyperechoic in presence of steatosis,
and hypoechoic in a normal parenchyma. Through
Doppler examination, it is possible to show the intra- or
[11,32,37]
perilesional vascularity
. Some authors have also
reported the use of ultrasound with contrast, though
[37,38]
an effective higher sensitivity was not emphasized
.
Angiography examination shows multiple hyper
vascularized nodules during the late arterial phase,
and the enhancement is more pronounced during the
parenchymal phase and persists during the venous
[1,32]
phase
. CT images may show small lesions ranging
[5]
from a few millimeters to 1-4 cm in diameter . These
lesions appear as multiple areas with low signal.
Their aspect depends on the degree of thrombosis
or hemorrhage inside the cavity, as they can appear
with variable density (though more often hypodense)
[2,7,11,32]
and contain some calcifications
. In the early
arterial phase, they may appear hyperdense and then
[5,32]
become isodense with the remaining parenchyma
.
The dimensions of the cavities can have a density
comparable to that of vessel or they can even appear
[5,24,32]
without enhancement when thrombosed
.
CT scans cannot detect lesions smaller than 1 cm
in diameter, and this method does not appear to be
more sensitive compared with the ultrasound in PH
[6,24]
diagnosis
. On the other hand, MRI examination
represents the gold standard in radiologic diagnosis
[32]
for this disease , especially if it is combined with
[30]
the use of a hepatospecific-contrast medium .
The imaging varies considerably depending on the
[1,3,5,8]
blood component of the lesion
. Usually, lesions
[32]
are never exophytic ; in T2-weighted-sequences,
they may appear as hyperintense lesions compared
with the surrounding parenchyma with high-signal
multiple spots that are attributable to hemorrhagic
[5,8,24]
necrosis
. In T1-weighted-sequences, different
types of lesions can be detected (hypo, iso, or
hyperintense), which show enhancement at the time
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of contrast medium administration. This enhancement
is generally centrifugal (as for the CT), but can also be
[5]
centripetal .
In T1 acquisitions with fat suppression, during
the late stage and after the use of gadobenate
dimeglumine, a strong contrast with ramifications
[24,32]
due to the vascular component is observed
.
The acquisition of the contrast medium during the
late phase can sometimes indicate a hemangioma
as differential diagnosis. The uncertainty can only
[3,4]
be resolved after the surgery . For the differential
diagnosis with proliferative lesions, the use of positron
emission tomography allows one to exclude a high
[39]
metabolic activity of the lesion .
Some authors claim that, due to the high risk
of bleeding, an open biopsy is essential in order to
realize the differential diagnosis under intraoperative
[2,6,13,31,34,40]
ultrasound supervision
. Macroscopic
examinations show that peliotic lesions in the cutting
section present hemorrhagic cyst cavities of various
sizes (from < 1 mm to several centimeters) with
[1,3]
features of “Swiss cheese” . From the histopathologic
point of view, the differential diagnosis is used in order
to diversify the sinusoids’ dilatation from Budd-Chiari
syndrome, which determines a venous congestion of
[1,4,41]
the liver due to a vascular occlusion
.
[42]
Yanoff et al
described microscopically two
different types of PH: “parenchymal peliosis,” which
consists of irregular cavities that are surrounded
neither by the sinusoidal cells nor by fibrous tissue,
and “peliosis flebectasica,” which is characterized
by spherical regular cavities coated by endothelium
[3,5,32]
and/or fibrosis
.
Even though the blood-filled cavities do not always
have endothelial coverage, it has been observed
that this is quickly reconstituted. The continuity and
the new breaking of the sinusoids’ endothelium do
[5]
not constitute a real classification parameter ; in
this manner it is more adequate to describe such
circumstances as temporally different aspects of the
[33]
same pathology .
PH does not show a well-defined evolution. It can
become worse asymptomatically and present as an
accidental finding that occurs during investigations
[2,32]
of other diseases or on the autopsy table
. Some
authors claim that PH could be associated to liver
failure with clinical features of hepatomegaly, portal
hypertension, cholestasis, and, more rarely, in cirrhotic
[6,32,43]
patients positive for hepatitis C virus
or in cases
of rupture of the lesions with hemoperitoneum and
hemodynamic decompensation with lethargy and
[1,3,6,32]
abdominal pain
. In other cases, especially
when PH occurs at very young age, the disease
shows important effects of compression with stenosis
[44]
of the vena cava . In still other cases, after the
interruption of the steroid therapy or the resolution
of the subsequent infections, a total regression was
[5,6,32]
noticed
. The regression can also occur without any
connection with the past medical history, especially in
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those cases (20%-50%) that do not allow association
[30]
of PH to any kind of etiology . Even though some
authors support possible transplantation in acute liver
failure cases or to use hepatectomy for the diagnosis
and treatment of PH, surgery is more and more often
used in urgent cases as treatment for the bleeding that
may occur. At the same time, for the same issue, some
authors proposed embolization that may be performed
[45,46]
by an interventional radiologist
or during the
operation or the laparoscopic biopsy, as previously
mentioned.
PH is a rare disease that often arises with atypical
symptoms, but more often is asymptomatic and occurs
in urgent situations after the spontaneous lesion’s
rupture or related to minor trauma. The peculiarity
of the present case is that it was not diagnosed in an
urgent situation, but as a result of the preoperative
investigations. We decided to operate by means of
diagnostic and therapeutic means by which we could
prevent future bleeding complications.
Patients are rarely treated with elective surgery
because of the diagnostic difficulty and because
none of the preoperative investigations are useful for
making a certain diagnosis. As already described in the
[11,32]
literature
, the ultrasound (level Ⅰ investigation)
shows only the presence of a hypervascularized lesion,
usually hypoechoic, without further features. Even CT
showed only the presence of a hypervascular lesion
in the early stage (Figure 1) with rapid washout of
contrast, which was not useful for obtaining a differential
[5,32]
diagnosis
. Even MRI with contrast material did
not allow for diagnostic classification because in T2weighted sequences, lesions were as hyperintense
as the remaining parenchyma with multiple highsignal spots. On the contrary, in T1-weighted
sequences, lesions were hypointense, and thus hardly
distinguishable from that of the hemangiomatous
[4,32]
lesions
. We decided not to perform a percutaneous
biopsy because of the considerable vascularity of the
[31,34,40]
lesion and the consequent high risk of bleeding
.
We decide to perform an hepatic resection that,
[6]
according to Samyn et al , permits better manage
ment of the prior hemostasis, also in concordance
[38]
with Fowell et al’s
assertions and the patient’s good
condition, such as her young age and the site of the
lesion in site Ⅶ (that can be easily reached in surgery).
The histopathologic examination of the entire mass
confirmed the presence of hemorrhagic cyst cavities in
the hepatic parenchyma, sizes from less than one to
[3,5,32]
several millimeters in diameter
; it also confirmed
the diagnosis of PH. In the case reported here, we
could not identify any past medical history element
because of the nature of the lesion. In 20%-50% of
the cases, in fact, it is not possible to define the PH
[11,24,30,31]
etiology
. In addition to permitting the diagnosis
and the pathology therapy, the surgical intervention
also allows for the prevention of possible hemorrhagic
events that are very frequent in patients affected by
PH.
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In conclusion, PH is a rare and difficult to diagnose
disease. From an iconographic point of view, it is
almost impossible to carry out a differential diagnosis,
especially during the preoperative phase, because
of the presence of many other diseases with similar
characteristics. The conspicuous vascularization, which
is not only a PH feature, requires caution toward
percutaneous biopsies. The PH is by definition an
asymptomatic disease until a dramatic event, such as
the hemorrhage, makes it obvious. We believe that
the fortuitous finding of a lesion, potentially compatible
with PH, requires elective surgery with diagnostic and
therapeutic intents. The main aim is to prevent the
risk of sudden bleeding that, in absence of properly
equipped structures, may have a fatal outcome.
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A 29-year old woman affected by recurring abdominal pain.

Laboratory diagnosis

Histopathological examination confirmed the presence of haemorrhagic
cyst cavities in the liver parenchyma, with size from less than one to several
millimetres in diameter, and excluded the presence of neoplastic cells.

Imaging diagnosis

Computed tomography scan showed a hepatic lesion formed by multiple
hypodense areas, which showed an early acquisition of the contrast during the
arterial phase.

Treatment

Liver resection of segment VII avoiding biopsy was performed for safety
reasons.

Experiences and lessons

The fortuitous finding of a lesion, potentially compatible with peliosis hepatis,
requires elective surgery with diagnostic and therapeutic intents. The main aim
is to prevent the risk of a sudden bleeding that, in absence of properly equipped
structures, may have a fatal outcome.
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Abstract
Gastric neuroendocrine tumors are rare; however, the
incidence has recently increased due to the increasing
use of upper endoscopy. Neuroendocrine tumors arise
from the excess proliferation of enterochromaffinlike (ECL) cells. The proliferative changes of ente
rochromaffin cells evolve through a hyperplasiadysplasia-neoplasia sequence that is believed to
underlie the pathogenesis of gastric neuroendocrine
tumors. Endoscopic resection is recommended as the
initial treatment if the tumor is not in an advanced
stage. However, there is no definite guideline for the
treatment of recurrent gastric neuroendocrine tumors
following endoscopic resection. Here, we report a rare
case of gastric neuroendocrine tumors in a 56-yearold male who experienced two recurrences within 11
years after endoscopic resection. The patient finally
underwent a total gastrectomy. The pathological
features of the resected stomach exhibited the full
hyperplasia-dysplasia-neoplasia sequence of the ECL
cells in a single specimen.
Key words: Neuroendocrine tumor; Hyperplasia of
neuroendocrine cell; Dysplasia of neuroendocrine cell;
Total gastrectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This rare case exhibited the full hyperplasiadysplasia-neoplasia sequence of enterochromaffinlike cells in a single specimen. This case clarifies
the pathogenesis of gastric neuroendocrine tumors.
Furthermore, this case revealed that total gastrectomy
is a treatment option for patients with recurrent
neuroendocrine tumors following excision.
Jung M, Kim JW, Jang JY, Chang YW, Park SH, Kim YH, Kim
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INTRODUCTION
Neuroendocrine tumors (NETs) arise from the
excessive proliferation of enterochromaffin-like (ECL)
cells. Gastric NETs are rare but are being reported
at an increasing rate due to the increased use of
esophagogastroduodenoscopy (EGD). The incidence
of gastric NETs has increased ten-fold in the last
[1]
35 years . These tumors have been reported to
represent less than 2% of all NETs and less than 1% of
all stomach neoplasms, but more recent analyses have
suggested that these values may actually be 10% or
[2]
higher . Endoscopic treatments, such as endoscopic
resection, are recommended as initial treatments for
gastric NETs when the lesions are small and limited
[3]
in number and there is no lymphovascular invasion .
When gastric NET recurs after endoscopic treatment,
surgical local resection or total gastrectomy should be
[4]
considered .
However, there is a lack of studies of the natural
disease course following treatments such as endoscopic
treatment and local surgical resection of the stomach.
We report a rare case involving two recurrences
of gastric NET within 11 years that arose from the
hyperplasia-dysplasia of ECL cells that was ultimately
treated with total gastrectomy.

CASE REPORT
In October 2003, a 45-year-old Korean male was
admitted to our hospital presenting with periumbilical
pain. He had several medical problems, including
hypertension and diabetes mellitus. The medicines he
was taking included metformin, gliclazide, lacidipine,
moexipril, and aspirin. The patient was mildly illlooking in appearance. His vital signs were stable.
All of the laboratory results were within the normal
ranges with the exception of an increased glucose
level. An abdominal computed tomography (CT) scan
was performed and revealed a diffuse and marked
thickening of the stomach wall that was suspected
to be Borrmann type Ⅳ advanced gastric cancer. He
did not have any family history of cancer or stomach
disease. Diagnostic EGD was performed and revealed
mild atrophic gastritis and three 0.7-1 cm polypoid
lesions in the mid body to high body. However,
advanced gastric cancer was not suspected. Biopsy of
the lesions demonstrated a grade 1 NET. The lesions
were removed by endoscopic mucosal resection (EMR).
After EMR, annual EGDs revealed no recurrence of
the gastric NET. However in 2010, two nodular lesions
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were detected. One of these lesions was in the cardia
and approximately 1 cm in diameter (Figure 1A).
The other lesion was a nodular lesion approximately
1.5 cm in diameter with central umbilication in the
greater curvature side of the high body (Figure 1B).
Endoscopic ultrasound (EUS) indicated that the
NETs were limited to the mucosa and submucosa.
Because the tumors were large and had recurred, the
patient underwent wedge resection of the stomach
including the cardia and fundus and part of the high
body. Histopathologically, the specimen exhibited
submucosal proliferation of monotonous tumor cells
with the formation of solid nests, glands and cords.
The pathologist reported a diagnosis of grade 1 NET.
The tumor in the fundus measured 1.2 cm in the
greatest and the other tumor in the cardia measured
2.1 cm in the greatest dimension. The surgical margin
was clear. After surgery, annual EGDs did not reveal
any recurrence of the NET.
However in 2014, an EGD reveled four 0.5-1 cm
reddish, elevated lesions located from the low body
to the mid body (Figure 1C). Biopsies of the lesions
revealed grade 1 NETs. An abdominal CT scan did
not reveal any metastases to other organs. The urine
5-hydroxyindoleacetic acid (HIAA) level was 3.6 mg/d
(normal range: 2-8 mg/d). An anti-intrinsic factor
antibody test was negative, and an anti-parietal cell
antibody test was also negative. The fasting gastrin
level was within the normal range (65.4 pg/mL). There
was no evidence of multiple endocrine neoplasia-1
(MEN-1). An abdominal CT and a brain and neck
MRI revealed that the pituitary gland, parathyroid,
and pancreas were normal. Due to the difficulty of
removing all of the NET lesions and the patient’s
concern over recurrence after endoscopic resection
and wedge resection, we ultimately planned a total
gastrectomy.
The patient underwent total gastrectomy.
Macroscopically, the specimen exhibited multiple small
nodules with erythematous changes located in the low
body to the mid body (Figure 2). Histopathologically,
the cluster of neuroendocrine cells exhibited widespectrum hyperplasia, dysplasia, and NET (Figure
3). The hyperplasia of neuroendocrine cells (Figure
4A) composed of five or more round and uniform
cells arranged in a nodular cluster of less than 150
µm and infiltrated the lamina propria of the stomach.
Dysplasias of the neuroendocrine cells between 150
and 500 µm in size were observed in the lamina
propria of the stomach (Figure 4B). In the submucosa
and lamina propria, the neuroendocrine cells were
arranged in nests greater than 500 µm across that
were indicative of NETs (Figure 4C). No mitosis of
tumor cells was observed. Immunohistochemically,
the specimen stained positively for chromogranin-A
(CgA) and synaptophysin. The Ki-67 staining involved
less than 1% of the specimen, which indicated that the
tumor was a type 1 NET. In the resection margins, no
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A

B

C

Figure 1 Endoscopic features of the multiple neuroendocrine tumors. A: Nodular lesion in the cardia of approximately 1 cm in diameter (Black arrow); B: Nodular
lesion of approximately 1.5 cm in diameter with central umbilication in the greater curvature side of the high body (black arrow); C: Multiple small, reddish, elevated
lesions located in the lower body to high body (black arrow).

Figure 2 Gross features of the gastrectomy specimen. The black square
indicates the hyperplastic lesions of the neuroendocrine cells as proven by
pathology. The white circles show the dysplastic lesions of the neuroendocrine
cells. The black circle shows the neuroendocrine tumor lesions.

tumors were identified, and no lymphatic or vascular
invasion was observed. After surgery, the patient was
discharged with full recovery. We did not observe any
complications or recurrence within 9 mo after the
surgery.

DISCUSSION
Gastric NET is usually called gastric carcinoid tumor
and is a rare disease; however, the incidence of this
condition has increased with the widespread use of
[5]
EGD . Gastric NET has four subgroups that are based
[6,7]
on the clinicopathological features . This patient was
determined to have type Ⅰ gastric NET because the
tumors were small, multiple, and without metastasis.
Additionally, the Ki-67 staining involved less than 1%
of the tumors.
The definitive therapy for gastric NETs is the
[8]
complete resection of the tumors . Treatment
depends on the sizes and numbers of tumors, the
depth of invasion, and metastases to other organs.
Endoscopic resection is recommended as the initial
treatment for NETs, particularly for types Ⅰ and Ⅱ
gastric NETs, when the tumor is less than 1 cm in
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size, there are fewer than 5 lesions, and there is no
evidence of lymphovascular metastasis. If resection
is not possible, minimally invasive surgeries, such as
wedge resection, should be considered as alternative
treatments. Antrectomy is also useful for suppressing
[4]
the gastrin level in patients with type Ⅰ gastric NETs .
Complete surgical resection increases the long-term
[9]
survival of the patient . However, there is another
guideline that recommends annual surveillance for
gastric NETs that are less than 1 cm because the risks
[7,10]
of invasion or metastasis is low for such lesions
.
This guideline also insists that surgery should be
limited to cases involving invasion beyond the
[10]
submucosa and metastases .
There is no definite guideline for the treatment
of gastric NET, especially cases involving recurrence
due to the low incidence of this condition and the
lack of understanding of the pathogenesis of this
disease. The European Neuroendocrine Tumor Society
(ENETS) guidelines did not mention the management
[10]
[7]
of recurrent gastric NETs . Basuroy et al vaguely
recommended that tumors should be resected when
[4]
possible. Crosby et al insisted that in cases of
NET recurrence after endoscopic resection, surgical
resection, including wedge resection or antrectomy,
is recommended. Total gastrectomy should be
considered for the management of NET recurrence
after minimally invasive surgery. Definite guidelines for
the treatment of recurrent gastric NETs are needed,
because recurrence occurs frequently in type 1 gastric
[11]
NET cases. Merola et al
reported that 63.6% of
type 1 gastric NET cases experience recurrence after a
median of 8 mo, and 66.6% of these cases experience
a second recurrence after a median of 8 mo following
carcinoid removal.
In the present case, the patient ultimately
underwent total gastrectomy. We failed to treat the
gastric NET of this patient with endoscopic resection
and surgical wedge resection. We did not consider
antrectomy to be a treatment option because this
patient’s gastrin level was normal. Furthermore, the
patient was concerned about the two recurrences
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A

B

Figure 3 Pathological features. A: Hematoxylin-eosin staining; B: Immunohistochemical stain (chromogranin stain). The black arrows indicate the lesions of
hyperplasia of the neuroendocrine cells. The white circles indicate the lesions of dysplasia of the neuroendocrine cells. The black circles show the lesions of the
neuroendocrine tumors.

A

B

C

Figure 4 Pathological features. A: Hyperplasia of neuroendocrine cells at magnification × 100; B: Dysplasia of the neuroendocrine cells at magnification × 100; C:
Neuroendocrine tumor at magnification × 100.
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with multiple lesions that he had experienced over 11
years and the broad range of gastric NETs from the
mid body to the high body. Therefore, we decided to
perform a total gastrectomy for definite treatment. We
recommend total gastrectomy as a treatment option
for recurrent and multiple gastric NETs, particularly in
cases with accompanying hyperplasia or dysplasia. We
know that the prognosis for type 1 gastric NET is good
even if the tumor is not definitely completely removed.
However, there are some benefits of total gastrectomy
that include the lack of a need for annual surveillance,
the prevention of the progression to metastasis, and
preventing the patient from worrying about recurrence.
We finally identified the reason for the recurrences
over 11 years in the pathological findings of the
resected stomach specimen. The pathology of this
patient exhibited the entire hyperplasia-dysplasianeoplasia sequence based on chronic gastritis.
The hyperplasia of the neuroendocrine cells in the
stomach of this patient had progressed to dysplasia
and ultimately to NET over 11 years. Indeed, cases
of chronic atrophic gastritis with known ECL-cell
dysplasia are associated with a significantly higher risk
of developing type 1 gastric NETs than are cases with
nondysplastic changes; the incidences of recurrence
for these conditions are 6.3 and 0.3 per 100 person[12]
year, respectively (HR = 20.7) .
Therefore, physicians should consider random
biopsies of multiple lesions in the stomach, particularly in
cases of NET recurrence and cases in which hyperplasia
has been found in previous biopsies. Biopsy specimens
should be taken not only from the suspected gastric
NET lesion but also from two nonlesion locations in the
[7]
antrum and four in the body/fundus . Subsequently,
if the physicians find multiple hyperplastic or dysplastic
lesions of the ECL cells with the NET, they should follow
the patient more closely than they would patients
without hyperplasia or dysplasia of the ECL cells.
Additionally, pathologists should attempt to identify
and report lesions with hyperplasia or dysplasia of the
neuroendocrine cells in detail even if the patient has
already had gastric NET lesions.
Oddly, the gastrin level of the present patient was
normal. Gastrin stimulation has been demonstrated
to play a critical role in the proliferative changes of
ECL cells through the hyperplasia-dysplasia-neoplasia
[13]
sequence . Severe hyperplasia or dysplasia of the
ECL cells with chronic atrophic gastritis confined to the
fundus-body of the stomach are risk factors for the
[12]
development of NET . However, hypergastrinemia
has been reported in only 50% of multiple gastric NET
[14]
cases . Furthermore, hypergastrinemia alone is not
sufficient for the development of NET because some
situations that generate hypergastrinemia, such as
long-term proton pump inhibitor use and vagotomy,
are not associated with gastric NET. Therefore, multiple
factors, including genetic mutation, growth factors,
bacterial infection, environment, diet, and hormones
(e.g., gastrin and somatostatin), may be involved in

WJG|www.wjgnet.com

[15]

the development of gastric NET .
In conclusion, we have reported a case with
multiple gastric NETs that recurred over 11 years
and were ultimately treated with total gastrectomy
after repeated surgical and endoscopic excisions. This
rare case exhibited the full hyperplasia-dysplasianeoplasia sequence of ECL cells in a single specimen.
This case clarifies the pathogenesis of this condition
and validates total gastrectomy as a treatment option
for patients with recurrent multifocal gastric NETs after
local excision. In addition to this case report, additional
studies to establish the pathogenesis and management
of multiple recurrent gastric NETs after initial treatment
are warranted.
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Recurrent multifocal neuroendocrine tumor with hyperplasia and dysplasia of
the neuroendocrine cells in a 45-year-old patient.

Clinical diagnosis

The patient had no symptom other than vague periumbilical pain.

Differential diagnosis

The differential diagnoses included malignancy or hyperplastic polyps of
stomach.

Laboratory diagnosis

All of the laboratory results were within the normal ranges with the exception of
an increased glucose level.

Imaging diagnosis

Several gastric 1-2 cm polyps were found on endoscopic assessment.

Pathological diagnosis

The pathological features of the resected stomach exhibited the full hyperplasiadysplasia-neoplasia sequence of the enterochromaffin-like (ECL) cells in a
single specimen of resected stomach.

Treatment

The patient ultimately underwent total gastrectomy due to recurrence after
treatment with endoscopic mucosal resection and gastric surgical wedge
resection.

Experiences and lessons

Physicians should attempt to diagnosis hyperplastic or dysplastic ECL cell
lesions, particularly when gastric neuroendocrine tumors recur, and they should
consider total gastrectomy as a treatment option.
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Abstract
Behçet’s disease (BD) is a multisystem autoimmune
disorder characterized by recurrent orogenital ulcers,
uveitis, and skin lesions. The vascular manifestations
include thrombophlebitis, stenosis, occlusion, and
pseudoaneurysm. BD infrequently precipitates aortic
pseudoaneurysm rupture into the sigmoid mesocolon
and lumen of the adjacent colon. Here we report an
extremely rare case of spontaneous abdominal aortic
pseudoaneurysm rupture via the sigmoid mesocolon
into the lumen of the sigmoid colon in a 37-year-old
patient with BD.
Key words: Behçet’s disease; aorta; pseudoaneurysm;
lower gastrointestinal bleeding; multi-detector computed
tomography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Spontaneous abdominal aortic pseudoaneurysm
rupture via the sigmoid mesocolon into the lumen of
the sigmoid colon is a rare clinical manifestation. We
report a case of a patient with Behçet’s disease who
was successfully treated with stent grafting instead of
surgical management.
Lee SL, Ku YM, Won Y. Spontaneous aortic pseudoaneurysm
rupture into the sigmoid colon in Behçet’s disease patient. World
J Gastroenterol 2015; 21(46): 13201-13204 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i46/13201.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i46.13201

INTRODUCTION
Behçet’s disease (BD) is an autoimmune disease
associated with vasculitis. BD was originally described
by the Turkish dermatologist Hulusi Behçet in 1937.
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BD is characterized by recurrent oral aphthous
[1]
ulcers, genital lesions, and uveitis . The vascular
manifestations of BD are less frequent but are
[1,2]
associated with increased mortality
. Venous
thromboses and thrombophlebitis are more frequently
observed vascular problems. However, major arterial
complications such as stenosis, occlusion, aneurysm,
[2,3]
and pseudoaneurysm can also occur . There are
currently no reports of spontaneous abdominal
aortic pseudoaneurysm rupture into the sigmoid
mesocolon and lumen of the sigmoid colon (causing
lower gastrointestinal bleeding) in a BD patient. Thus,
we report the first BD patient who presented with
a spontaneous abdominal aortic pseudoaneurysm
rupture via the sigmoid mesocolon into the lumen
of the sigmoid colon. We performed stent-grafting
treatment at our institution.

CASE REPORT
A 37-year-old male presented with recurrent episodes
of oral and genital ulcers and a 1-d history of
hematochezia. The patient was diagnosed with BD.
A physical examination revealed tenderness in the
lower abdomen. There was no palpable mass and
no evidence of impaired peripheral perfusion. In the
emergency department, the patient’s blood pressure
at arrival was 100/75 mmHg, and the patient’s
pulse at arrival was 109 beats/min. The laboratory
investigations indicated the following results:
creatinine, 1.32 mg/dL; C-reactive protein, 0.94
3
mg/dL; white blood cells, 10240/mm ; hemoglobin,
11.2 g/dL; and hematocrit, 32.9%. A preprocedural
sigmoidoscopy revealed a submucosal tumor-like
protrusion with a bleeding ulceration in the proximal
sigmoid colon (Figure 1A and B). A computed
tomography (CT) examination was performed to
evaluate lower gastrointestinal bleeding using a
128-detector-row CT scanner (AS +, Siemens Medical
Solutions, Forchheim, Germany). An enhanced CT of
the abdomen revealed an enhanced pseudoaneurysm
immediately above the origin site of the inferior
mesenteric artery. Additionally, there was a hematoma
extending into the subperitoneal space of the sigmoid
mesocolon (Figure 1C-E). A hematoma was also
noted in the lumen of the sigmoid colon (Figure 1E
and F). A frontal abdominal aortogram revealed a
pseudoaneurysm immediately above the origin site
of the inferior mesenteric artery (Figure 1G). A stentgraft was inserted through the opening of the common
femoral arteriotomy after angiographic evaluation.
The 23 mm × 33 mm stent-graft (W.L. Gore &
Associates, Flagstaff, AZ, United States) was covered
with polytetrafluoroethylene. The stent length was
sufficient to cover an area 2 cm proximal and distal
to the pseudoaneurysm margin. After stent grafting,
the pseudoaneurysm disappeared (Figure 1H). The
patient was treated with antibiotics on the day of the
procedure and then for 7 d to prevent stent graft
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infection. The follow-up sigmoidoscopy 4 d after the
procedure revealed no evidence of active bleeding
(Figure 1I). The CT angiography performed 6 mo after
the procedure demonstrated complete remission of the
aortic pseudoaneurysm and hematoma in the sigmoid
mesocolon without evidence of graft infection (Figure 1J).

DISCUSSION
Cardiovascular involvement in BD occurs in 7%-29%
[2]
of cases , and vein involvement is more common than
[4]
arterial involvement . The large arteries in BD patients
may be involved in pseudoaneurysm formation,
stenosis, or occlusion. These vascular complications
frequently occur in the aorta and common iliac
[1,4]
artery . In BD patients, saccular pseudoaneurysm
may be induced by transmural necrosis of the wall
of the large muscular arteries by the occlusion of the
vasa vasorum and perivascular inflammation. These
changes result in the destruction of elastic fibers in the
[1,5]
media and vascular wall perforation . In the majority
of cases, aortic pseudoaneurysms are confined to
the great vessel space of the retroperitoneum. If
a pseudoaneurysm in the lower abdominal aorta
ruptures into the subperitoneal space then the
hemorrhage can extend along the plane of the inferior
[6]
mesenteric artery into the sigmoid mesocolon . In
our patient, enhanced CT revealed enhanced saccular
outpouching arising from the abdominal aorta above
the origin site of the inferior mesenteric artery. The
hematoma extended into the sigmoid mesocolon,
which suggests rupture.
An aorto-colic fistula is an extremely rare com
plication of infrarenal abdominal aortic aneurysm and
[7-9]
can cause lower gastrointestinal bleeding
. The
incidence of primary aorto-colic fistula is reported
[7]
as low as 0.69%-2.36% . The precise mechanism
controlling aorto-colic fistula formation has not been
elucidated. However, inflammation due to colonic
diverticulitis and mechanical erosion represent possible
[7,9]
antecedents . In our patient, the abrasive effect of
the pseudoaneurysm and hematoma in the sigmoid
mesocolon resulted in transmural necrosis of the
sigmoid colon wall.
There is frequently bleedings during both clinical
and subclinical events in patients with aorto-enteric
[9]
fistula . The presence of air in the aneurysm and
contrast media within the lumen of the colon on
computed tomography are compatible with aorto[7,9]
colic fistula . Our patient had reduced air density
inside the pseudoaneurysm and hematoma of
the subperitoneal space. However, the mesocolic
hematoma displaced the sigmoid colon. Blood clots
(Hounsfield Unit density of > 30) were suspected
inside the colon lumen and were suggestive of aortocolic fistula. A sigmoidoscopy confirmed erosion
and oozing blood clots at the top of the extrinsic
indentation of the sigmoid colon.
Stent graft implantation is an accepted treatment for
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A

B

C

D

E

F

Figure 1 Thirty seven-year-old male with
Behçet’s disease. A, B: Sigmoidoscopy
revealed a submucosal tumor-like protrusion
(long arrow in A) with a bleeding ulceration
(curved arrow in B) in the proximal sigmoid
colon; C-F: Axial (C, D) and coronal reformatted
(E, F) images of a contrast-enhanced computed
tomography (CT) scan revealing an enhanced
pseudoaneurysm (long arrows in C-E) above
the origin site of the inferior mesenteric artery
(arrowheads in E) with a hematoma (short
arrows in C-F) extending into the subperitoneal
space of the sigmoid mesocolon. Hyperdense
clotted blood was also noted in the lumen of
the sigmoid colon (SC); G: Frontal abdominal
aortogram revealing a pseudoaneurysm (arrow)
above the origin site of the inferior mesenteric
artery (arrowheads); H: Abdominal aortogram
following stent grafting indicating disappearance
of the pseudoaneurysm; I: Follow-up
sigmoidoscopy (4 d after the procedure) shows
mild mucosal elevation with erosion (arrow) and
no evidence of active bleeding; J: Follow-up
computed tomography angiography (6 mo after
the procedure) demonstrated the aortic stent
grafting state (arrow) and complete remission of
the aortic pseudoaneurysm and hematoma in
the sigmoid mesocolon without evidence of graft
infection.
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aortic pseudoaneurysms because it blocks blood flow
[1,2]
from the aorta . Surgical repair represents another
treatment option. However, the high recurrence rate
of pseudoaneurysms following surgery in BD patients
may make clinicians reluctant to recommend surgical
[2,10]
bypass operations
. After inserting the stent graft in
our patient the blood flow to the pseudoaneurysm was
blocked, which attenuated the lower gastrointestinal
bleeding.
In conclusion, spontaneous aortic pseudoaneurysm
rupture into the sigmoid colon via the mesocolon is an
extremely rare cause of lower gastrointestinal bleeding.
Although infrequently encountered, spontaneous
aortic pseudoaneurysm rupture can be diagnosed
early based on the findings of sigmoidoscopy and
multidetector CT. The patient can be effectively treated
using a stent graft.

patients may be involved in pseudoaneurysm formation, stenosis, or occlusions
that frequently occur in the aorta and common iliac artery

Experiences and lessons

Spontaneous aortic pseudoaneurysm rupture into the sigmoid colon via the
mesocolon in Behçet’s disease patient is an extremely rare cause of lower
gastrointestinal bleeding and can be effectively treated with stent grafting
instead of surgical management.

Peer-review

Aortic pseudoaneurysm rupture into the sigmoid colon in a patient with Behçet’s
disease is a very rare and interesting case.
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Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

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

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

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

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

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

II

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

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

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

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

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

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

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

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

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

III

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

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

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
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Abstract
Treatment of inflammatory bowel disease has sign
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ificantly improved since the introduction of biological
agents, such as infliximab, adalimumab, certolizumab
pegol, and golimumab. The Food and Drug Admini
stration has classified these factors in category B,
which means that they do not demonstrate a fetal risk.
However, during pregnancy fetuses are exposed to
high anti-tumor necrosis factor (TNF) levels that are
measurable in their plasma after birth. Since antibodies
can transfer through the placenta at the end of the
second and during the third trimesters, it is important
to know the safety profile of these drugs, particularly
for the fetus, and whether maintaining relapse of the
disease compensates for the potential risks of fetal
exposure. The limited data available for the anti-TNF
drugs to date have not demonstrated any significant
adverse outcomes in the pregnant women who
continued their therapy from conception to the first
trimester of gestation. However, data suggest that antiTNFs should be discontinued during the third trimester,
as they may affect the immunological system of the
newborn baby. Each decision should be individualized,
based on the distinct characteristics of the patient and
her disease. Considering all the above, there is a need
for more clinical studies regarding the effect of antiTNF therapeutic agents on pregnancy outcomes.

Core tip: Modern inflammatory bowel disease treatment
includes biological therapy, such as anti-tumor necrosis
factor (TNF) agents. There are concerns over the use
of anti-TNF agents during pregnancy, although the data
available to date are limited. No significant increases
in the adverse outcomes of pregnancy have been
reported in women who continued their treatment
from conception to the first trimester of pregnancy.
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Decision making in this case dictates that the mother’s
benefits of maintaining relapse of the disease through
continuation of anti-TNFs exceeds the potential risks of
fetal exposure.
Androulakis I, Zavos C, Christopoulos P, Mastorakos G,
Gazouli M. Safety of anti-tumor necrosis factor therapy during
pregnancy in patients with inflammatory bowel disease. World J
Gastroenterol 2015; 21(47): 13205-13211 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i47/13205.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i47.13205

INFLAMMATORY BOWEL DISEASE AND
ANTI-TNF THERAPY
Anti-tumor necrosis factor (TNF) agents are an
effective therapeutic option in patients with inflam
matory bowel disease (IBD), including ulcerative
colitis (UC) and Crohn’s disease (CD). The highest
incidence of IBD is seen between the second and
fourth decades of life, which is the most fertile age for
women. However, data concerning their safety during
pregnancy are scarce.
CD usually affects people between the second and
third decades of life, thereby having a negative impact
on pregnancy outcomes. Simultaneously, pregnancy
[1]
itself can negatively affect the outcome of CD .
Approximately 25% of women with IBD can achieve
normal conception and fertilization. It is already known
that one-third of patients with active CD present a
relapsing course during pregnancy, and, if conception
occurs while the disease is active, a deterioration in
[2]
two-thirds of the cases is observed .
Likewise, UC is a chronic, inflammatory disease
that predominantly occurs during reproductive age.
Although controversial, studies indicate that UC may
increase the risk for preterm births, suspension of
full fetal development, and perinatal mortality. The
controversy surrounding these studies arises from
differences in their design and their usually small
[3]
sample size .
Two studies to date have reported an increased
incidence of congenital abnormalities in fetuses of
[4-6]
[4]
women with UC
. Dominitz et al underscored
that it is not possible to distinguish between small or
large abnormalities and that chromosomal aberrations
should also be taken into consideration. In another
case series, it was reported that women with UC
present with a 30% increase (though non-significant,
95%CI: 0.9-1.8) in congenital abnormalities of fetuses
and a significantly higher risk of certain abnormalities,
such as lesions in the extremities, obstruction of the
urinary tract, and multiple genetic abnormalities.
Modern IBD treatment armamentarium includes
biological therapy, such as anti-TNF agents, accompanied
with concerns over their use during gestation. In
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general, the Food and Drug Administration has
categorized all drugs to five categories, A, B, C, D,
and X, based on the incurring fetal risk. According to
the Food and Drug Administration (FDA), category A
consists of drugs for which controlled studies in women
have failed to demonstrate a risk to the fetus in the
first trimester, and, thus, fetal harm appears remote.
Category B consists of either animal reproduction
studies that have not demonstrated a fetal risk but
have no corresponding human studies or animal
studies that have shown adverse effects that have
not been confirmed in controlled studies of women
in the first trimester (or subsequent trimesters).
Category C means that animal studies have revealed
adverse fetal effects but that no controlled studies in
women have been done or that no studies in women
or animals are available. Category D consists of drugs
for which human studies and/or adverse reaction data
have shown evidence of fetal risk, but the benefits
of use may outweigh the potential risks. Category X
encompasses drugs in which human and animal studies
have demonstrated fetal abnormalities, and the risk of
using the drug in a pregnant woman clearly outweighs
any benefit.
In particular, although there are limited data to
date concerning the use of anti-TNF agents during
pregnancy, no significant increases in the adverse
outcomes of pregnancy have been reported in women
who continued their treatment from conception to the
[7,8]
first trimester of pregnancy . The FDA has classified
these factors in category B. Most researchers, however,
recommend discontinuing anti-TNF therapy prior to
[7]
pregnancy .
Decision making, however, in this case scenario
dictates that the mother’s benefits of maintaining
relapse of the disease through continuation of antiTNFs exceeds the potential risks of fetal exposure.
The fact that antibodies transfer through the placenta
at the end of the second and during the third tri
mesters suggests that the scheduled dosing of
anti-TNF agents may continue in the first 20 wk of
pregnancy and then should stop. However, Mishkin et
[9]
al studied pregnancy outcomes in 92 to 122 cases
and reported that the incidence of miscarriage and
dead embryos was not significantly different than the
general population and patients that are not under any
biological treatment therapy.
Although biological drugs do not seem to possess
any teratogenic properties, at least in animal models,
they may inhibit maturation of the immunological
system of the newborn child. Comparative studies
between women with IBD exposed to anti-TNF agents
during pregnancy and the general population did not
demonstrate a high risk to the fetus incurred from antiTNF use. It is important to note that there have been
published cases of pregnant women who received
anti-TNF drugs that did not report any side effects.
Nevertheless, the FDA recommends that doctors

13206

December 21, 2015|Volume 21|Issue 47|

Androulakis I et al . Anti-TNF and pregnancy
should evaluate each case with increased caution and
prudence and not to encourage anti-TNF use during
[7]
pregnancy unless necessary .
With respect to IBD patients under biological
treatment who become pregnant or if a pregnancy
occurs while the disease is active, requiring immediate
biological treatment, decisions should be made on
an individual basis, as the short- and long-term
effects of fetal exposure to these specific factors are
still under investigation. Furthermore, there are as
yet no clear guidelines regarding the best decision,
which is a balance between the risks and benefits for
the mother and the child, separately. Therefore, the
decision whether or not to use biological treatment
during pregnancy should be made carefully, especially
because the levels of anti-TNF drugs in the maternal
serum are unknown and it is uncertain whether this
[10]
treatment is safe for the fetus .
Adverse pregnancy outcomes, such as premature
birth, miscarriages, preeclampsia, and low birth
weight embryos, have been observed in certain cases
of fetal exposure to biological agents. However, they
tend to be balanced by the need for clinical remission
of the pregnant woman, and also, they may be an
outcome of the autoimmune disease itself. Information
regarding birth defects caused by anti-TNF agents
is scarce, and to our knowledge, only one study has
reported on the incidence of birth abnormalities in the
offspring of women who were under anti-TNF therapy
[11]
at some stage during gestation .
Therefore, there is a need for more clinical studies
regarding the effect of anti-TNF therapeutic agents
on pregnancy outcomes. The decision whether
or not the agent compensates for the risk of fetal
exposure should be taken carefully by the clinician
(e.g., gastroenterologist) in collaboration with the
gynecologist. Finally, psychological support for the
pregnant woman and scheduled monitoring throughout
pregnancy are recommended.

ANTI-TNF AGENTS
Anti-TNF biological agents are either fully chimeric
or humanized antibodies for ligands or soluble
receptors, or recombinant receptor antagonists.
Their mode of action concerns inhibition of TNF-α,
based on the pleiotropic function of the molecule in
cellular proliferation, cell adhesion, migration, and
inflammatory cytokine induction response. Their
main purpose, therefore, is interference on the
inflammation pathway. However, the way they achieve
this differs among monoclonal antibodies and soluble
[12]
receptors .
Monoclonal antibodies were the first molecules
developed for the inhibition of TNF agents, and
they are widely used today in clinical practice. The
production of monoclonal antibodies from mice was
originally developed for research purposes in the
1980s. Mouse monoclonal antibodies are derived from
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[13]

cell lines, known as hybridomas . A few years after
the production of monoclonal antibodies as therapeutic
targets, soluble forms of the TNF receptor (TNF-R)
were isolated from human urine. The unique form of
soluble TNF-R was one subunit, but it was immediately
abandoned because of reduced binding of the ligand.
The design and production of the soluble dimeric TNF-R
form was an important step for the development of
[14]
biological therapies in medicine .
As biological agents are protein molecules, they
are quickly degraded inside the stomach. For this
reason, they are parenterally administered, i.e., either
[15]
subcutaneously or intravenously at regular intervals .
The administration of biological agents has been
associated with a number of side effects that should be
known to clinicians treating these patients. Selecting
the correct patients to receive biological agents as
well the constant and close monitoring of them are
essential fundamentals for administering anti-TNF
[16,17]
therapy safely
.
Currently, four anti-TNF agents, namely infliximab,
adalimumab, certolizumab pegol, and golimumab, are
FDA-approved for treatment of IBD.

SAFETY OF ANTI-TNF TREATMENT
DURING PREGNANCY
Infliximab

It is currently unknown whether infliximab causes
damage to the fetus when administered to the mother
or even if it can affect the reproductive capacity of
women. However, it is certain that it should be given
to pregnant women only when necessary. Because it
does not interact with TNF-α factor of other species
besides humans and chimpanzees, there have been no
reproductive studies conducted in laboratory animals
using infliximab. No indication of maternal toxicity,
embryotoxicity, or teratogenesis has been observed in
any study conducted in mice, using a similar antibody,
which has the ability to selectively inhibit the activity of
murine TNF-α agent. As an immunoglobulin antibody,
infliximab crosses the placenta and has been detected
for more than 6 mo in neonatal serum from children
born to mothers who received the treatment during
pregnancy. Therefore, these newborns, may be at
increased risk for infection, and their vaccinations
should be carried out with special attention (FDA,
2015).
Multiple case reports refer to women with IBD who
received infliximab during pregnancy, four of which
were CD patients. The first described a 26-year-old
CD patient who became pregnant while receiving
infliximab infusions. She gave birth to a 681 g
baby at 24 wk of gestation. The neonate developed
internal bleeding and was disconnected from artificial
support on the third day of birth and subsequently
died. However, the severity of her disease and the
fact that the patient conceived at the moment when
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IBD was still active and that she was also under
other medications could have affected the pregnancy
outcome. In the remaining three pregnancies, two fullterm and one premature, the newborns were still alive
[18,19]
months after birth
.
More recently, the Crohn’s Therapy, Resource,
Evaluation and Assessment Tool (TREAT) database
has provided information for more patients. TREAT is a
progressive record database, associated with studying
patients with CD and evaluating safety of various
treatments, including infliximab. These patients
can be treated with infliximab or not. Of the 5807
patients who participated, there were 66 pregnancies,
36 of which were women under infliximab therapy
prior to conception. Embryonic abnormalities were
not observed in any of the embryos. Comparing
patients who received infliximab vs those who did
not, there were no significant differences in the
rate of abortions (11.1% vs 7.1%, P = 0.53) and
complications in newborns (8.3% vs 7.1%, P = 0.78).
Patients under infliximab were more likely to exhibit
severe form of the disease and to use steroids and
[20]
immunomodulatory drugs .
[20]
In 2004, Katz et al , elaborated a larger volume
of information over the use of infliximab before and
after gestation and published the first large-scale study
on the probable outcome of pregnancy in women with
CD. Data collection was based on drug indications,
administration time in relation to conception, and
course and outcome of pregnancy. The percentage of
live embryos, miscarriages, and therapeutic abortions
for women who were exposed to infliximab before
or during gestation was comparable to the general
population of pregnant women and to those of
pregnant women with CD who had not received this
specific therapy.
Of 146 identified pregnancies, 131 were exposed
to infliximab, and data concerning their pregnancy
outcome were provided for 96 cases. From these
cases with known outcome, 64 (67%) resulted in live
newborns, 14 (15%) in miscarriages, and 18 (19%)
in termination for medical reasons. There were five
reports of newborns born with complications: the first
was born at 24 wk and expired, the second underwent
a complex period of complications, the third was
born with Fallot’s tetralogy, the fourth developed an
intestinal twist, and the last showed delayed growth
and hypothyroidism. These results were similar to
those of the general population of pregnant women
and pregnant women with CD who did not receive
infliximab. Based on these results, researchers
concluded that the overall safety of the drug during
gestation was not significantly different between
women who received treatment and women who
did not. However, an increased risk to the fetus was
[20]
observed .
The first study, concerning the intentional use of
infliximab during pregnancy to induce and maintain
remission of CD was conducted in 2005 by Mahadevan
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[21]

et al . All previous reports concerned unintentional
[18-20]
or forced treatment for seriously ill women
.
This study included 10 women, eight of whom were
receiving maintenance therapy with infliximab and
one who had started drug administration at the third
trimester of pregnancy due to a severe relapse of
her CD. One of them started infliximab during the
first trimester of pregnancy due to steroid-dependent
disease but was not compliant and refused further
treatment. Five pregnant women were also receiving
mercaptopurine treatment, and another four were
under corticosteroids, with the last one using steroids
during the first trimester.
[21]
According to the results of the study , four
women exhibited no symptoms of the disease in the
period from conception to labor (in the first two cases
remission was observed and in the remaining two
there was moderate disease activity). Two women
showed disease improvement and four relapsed (two
of them were in remission, although they relapsed
after labor; the third showed mild relapse during the
second trimester, but infliximab administration had just
begun at that time; and the last developed a severe
relapse and, therefore, started steroid administration).
From those 10 women, eight gave birth by cesarean
section (four due to active perianal disease, two due to
active CD, one due to preterm birth, and the last due
to a previous cesarean section). All 10 pregnancies
resulted in live newborns. Congenital abnormalities
were not observed in any of the fetuses, with an
average follow up of 6 mo. Finally, there were three
premature deliveries and two neonates with some
embryonic disease not associated with infliximab.
These data, in combination with earlier reports of
accidental use of the drug during pregnancy, suggest
that the benefit of infliximab use in inducing and
maintaining remission in CD pregnant women usually
[21]
outweighs fetal risk due to exposure to the agent .
[22]
The most recent review
concerning infliximab
administration in IBD patients during gestation includes
data until June 2014. It reported that infliximab
crosses the placenta at the end of the second trimester
of gestation. The use of the agent after the second
trimester leads to intrauterine exposure. Although
infliximab administration during gestation appears to
be safe in the short term, there are concerns about
the drug’s effects on the development of the immune
system of the fetus. Researchers argue that the
administration of the drug should be discontinued,
at least at the second trimester, when the mother
is in remission, an approach considered safe for the
mother that also minimizes the risk of fetal exposure
to the agent. Infliximab has been detected in minor
quantities in breast milk. Case reports do not suggest
[18,19]
toxicity
, but the long-term effects of exposure are
[22]
currently under investigation .

Adalimumab

In 2002, the FDA has conducted an embryotoxicity
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[23]

study
of adalimumab in experimental animals and
showed no harm incurring from this agent to the fetus
for doses exceeding 100 mg/kg. However, in humans
there are not sufficient data over its toxicity to the
embryo. Since developmental and reproductive studies
in laboratory animals are not always representative of
the human response, it is reasonable to suggest that
adalimumab should be administered during gestation
only if considered necessary.
The first case report of maintenance treatment with
adalimumab on IBD during pregnancy was conducted
[24]
by Vesga et al . This report described the pregnancy
course of a 34-year-old woman with chronic and
active CD during conception. Infliximab administration
was initially successful, but over time, the response
was lost. Subsequently, adalimumab was introduced
and continued until 1 mo before conception. During
gestation, the patient received a total of 38 doses of
40 mg of the drug, subcutaneously. She continued
the drug administration after labor and during breast
feeding.
In detail, the mother had active disease at the time
of conception, mild symptomatic improvement in the
first trimester of gestation, and mild disease activity
during the third trimester. After labor, she showed mild
to disease in remission. Pregnancy occurred without
any complications, and the fetal prenatal ultrasound
showed normal growth without visible congenital
anomalies. Due to the history of perianal disease, a
cesarean section was performed without complications
at 38.5 wk. No neonatal abnormalities were detected.
The newborn was monitored up to 6 mo and showed
[24]
normal development and function .
The next case report concerning the use of
adalimumab during IBD pregnancy was published
[9]
1 year later by Mishkin et al . This particular case
involved a 35-year-old female with persistent CD who
did not respond to 5-aminosalicylic acid, antibiotics,
or thiopurines. Seven years later, infliximab was
introduced to the patient, initially with good clinical
response. However, over time, she began requiring
larger doses and smaller intervals between injections
(every 4 or 6 wk), and she did not respond to
the addition of corticosteroids. Adalimumab was
then suggested at 80 mg initially and then 40 mg,
subcutaneously, every second week. Her condition
improved, but seven months after adalimumab
initiation, she became pregnant.
By her own decision, she continued administration
of the drug during gestation. She was admitted to
a hospital at week 20 for unexplained fever and
abdominal pain, but symptoms improved after a
2-wk course of steroids. She gave birth normally to a
healthy neonate. Moreover, she continued treatment
after labor and during breast-feeding. The newborn
was monitored until 6 mo and showed normal
[25]
development, in accordance to the previous study .
Another case report described the pregnancy
course of a 34-year-old woman with CD treated with
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budesonide and then prednisone between weeks 6 and
20 of gestation. At this time, azathioprine was initiated
at 100 mg/d, and adalimumab, initially, at 80 mg
(one dose) and then at 40 mg every week. Labor was
induced at 38 wk. The patient gave birth to a healthy
newborn (2.89 kg) who developed normally until the
[25]
age of 1 year .
A subsequent case report described a 32-yearold woman with CD. Treatment with infliximab
was successful in the first 17 mo of pregnancy.
Then, her condition deteriorated, and she received
adalimumab with an initial dose of 160 mg, followed
by maintenance therapy, with a dose of 80 mg every
other week. Remission was once again induced, and,
therefore, medication was reduced to 40 mg every
other week for further maintenance therapy, for a total
of 18 doses. Overall, three non-intentional doses of
adalimumab were given during the first trimester of
gestation. At that time, treatment with adalimumab
was automatically discontinued, and the patient and
fetus were closely monitored for any side effects.
Finally, the patient gave birth to a healthy newborn
(3360 g), who remained healthy until the age of 2
[26]
years old .
[27]
In a recent study by Schnitzler et al , pregnancy
outcome was recorded and risk-to-benefit ratio was
assessed in 212 women with IBD under infliximab or
adalimumab. Specifically, 42 pregnancies with direct
exposure to anti-TNF agents (35 infliximab, seven
adalimumab) were compared to 23 pregnancies
before IBD diagnosis, 78 pregnancies before infliximab
administration, 53 pregnancies with direct exposure to
infliximab, and 56 pregnancies of healthy women.
The results of this study showed that 32 of the 42
pregnancies resulted in live fetuses, with an average
gestational duration of 38 wk. Three resulted in
premature birth, six were low weight newborns, and
one had not been completed at that time. One of them
rd
(1640 kg) was born the 33 week and died 13 d later
due to necrotic colitis. A total of eight miscarriages was
observed. A trisomy 18 was diagnosed in a mother
with CD (aged 37 years) under adalimumab therapy,
and the pregnancy was terminated. The outcomes of
pregnancies with direct exposure to anti-TNF agents
was not different from those that had discontinued
therapy before pregnancy or from those with indirect
exposure to the agent, but it was worse compared to
[27]
pregnancies before IBD diagnosis .
[28]
In a subsequent study by Zelinkova et al , the
focus was on the pregnancy of women with mild
IBD who discontinued anti-TNF treatment. The inves
tigators analyzed the levels of biological agents in
omphalo-placenta samples. In total, 31 pregnancies
were studied, with 28 of them exposed to anti-TNF
agents (18 received infliximab and 13 adalimumab).
Enzyme-dependent immunoprecipitation was used to
measure the levels of factors in umbilical cord blood,
collected from 18 newborns (12 of whom exposed to
infliximab and six to adalimumab).
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Among the patients who received infliximab, 12
th
(71%) discontinued treatment on the 30 week of
gestation, and all patients remained in remission.
All patients who received adalimumab discontinued
th
treatment before 30 the week, which resulted in two
relapses. Finally, 28 live newborns were born, there
was one miscarriage in a patient receiving infliximab
th
(on the 6 week of gestation), and two miscarriages
among patients receiving adalimumab (on the sixth
and eighth week). No congenital anomalies were
[28]
observed .

8

9
10

Certolizumab pegol and golimumab

Reproductive studies in laboratory animals are not
possible to perform since certolizumab pegol is specific
for humans. Likewise, golimumab effects on human
pregnancies are lacking.

11

12

CONCLUSION
The decision to continue anti-TNF therapy during
pregnancy is very difficult for both the clinician and the
mother-patient. The aim is to maintain remission in the
mother’s disease while minimizing fetal exposure. It
is a fact that placental transfer starts at the beginning
of the second trimester of gestation and is maximized
during the third. Therefore, it is preferable to avoid
administering these agents in the third trimester
of pregnancy. The decision should be made on an
individual basis, always keeping in mind the distinct
characteristics of the patient and her disease.
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Abstract
Elastography is a new ultrasound modality that provides
images and measurements related to tissue stiffness.
Endoscopic ultrasound (EUS) has played an important
role in the diagnosis and management of numerous
abdominal and mediastinal diseases. Elastography by
means of EUS examination can assess the elasticity
of tumors in the proximity of the digestive tract that
are hard to reach with conventional transcutaneous
ultrasound probes, such as pancreatic masses and
mediastinal or abdominal lymph nodes, thus improving
the diagnostic yield of the procedure. Results from
previous studies have promised benefits for EUS
elastography in the differential diagnosis of lymph
nodes, as well as for assessing masses with pancreatic
or gastrointestinal (GI) tract locations. It is important
to mention that EUS elastography is not considered
a modality that can replace biopsy. However, it may
be a useful adjunct, improving the accuracy of EUSfine needle aspiration biopsy (EUS-FNAB) by selecting
the most suspicious area to be targeted. Even more, it
may be useful for guiding further clinical management
when EUS-FNAB is negative or inconclusive. In the
present paper we will discuss the current knowledge
of EUS elastography, including the technical aspects,
along with its applications in the differential diagnosis
between benign and malignant solid pancreatic
masses and lymph nodes, as well as its aid in the
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differentiation between normal pancreatic tissues and
chronic pancreatitis. Moreover, the emergent indication
and future perspectives are summarized, such as the
benefit of EUS elastography in EUS-guided fine needle
aspiration biopsy, and its uses for characterization of
lesions in liver, biliary tract, adrenal glands and GI tract.
Key words: Elastography; Endoscopic ultrasound;
Characterization; Pancreas; Lymph nodes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound (EUS) has played an
important role in the diagnosis and management of
numerous abdominal and mediastinal diseases. In the
present paper, we discuss the current knowledge of
EUS elastography, including the technical aspects, its
applications in the differentiation between benign and
malignant solid pancreatic masses and lymph nodes,
and differentiation between normal pancreatic tissues
and chronic pancreatitis. Moreover, the emergent
indication and future perspectives are also summarized,
such as the benefit of EUS elastography in EUSguided fine needle aspiration biopsy, and its use for
characterization of lesions in liver, biliary tract, adrenal
glands and gastrointestinal tract.
Cui XW, Chang JM, Kan QC, Chiorean L, Ignee A, Dietrich CF.
Endoscopic ultrasound elastography: current status and future
perspectives. World J Gastroenterol 2015; 21(47): 13212-13224
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i47/13212.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i47.13212

INTRODUCTION
Elastography is an imaging modality used to
demonstrate tissue stiffness. It has been investigated
by ultrasound since the early 1990’s. So far, two
(elastography) techniques, i.e., strain technique
and shear wave technique, have been developed
and clinically used. Endoscopic ultrasound (EUS)
elastography is the application of elastography
performed during EUS procedure. Currently, only
the strain technique has been available for EUS
examinations. Shear wave elastography has been
equipped in the transrectal ultrasound transducer of
Supersonic system (Aixplorer, France), but it is not one
of the topics of this paper. Strain elastography (SE) is
a qualitative method based on tissues response to an
[1,2]
externally or internally generated force . It is based
on the fact that stiffer tissues have lower strains,
meaning that they deform less under compression as
compared to softer tissues which deform more. With
SE, the compression-induced tissues deformations
within a region of interest (ROI) are comparatively
assessed. The resultant strains are displayed as
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transparent colors overlaid on the B-Mode image, just
like for Doppler ultrasound. Different colors are used to
demonstrate differences between stiffness of the ROI
included tissues.
The measurement of displacement is made using
a sophisticated algorithm based on the Extended
[3-5]
Combined Autocorrelation Method . The characte
ristics of the tissues can be further analyzed either by
[6,7]
the color-based qualitative method
as described
above, or by using a semi-quantitative method based
on strain ratios between different tissues included
[8,9]
within the selected ROI .
SE with conventional ultrasound systems has been
used for the evaluation of lesions in the breast, cervix,
prostate gland and thyroid gland as well as for staging
[10-15]
of liver fibrosis
proving good results. It has been
shown that malignant tissues are generally harder
than adjacent normal tissues, therefore, it could
differentiate benign from malignant lesions based on
[10-14]
the stiffness characteristics
.
EUS, with high-frequency transducers can offer
high-resolution images of the digestive tract and
also of the adjacent organs. It plays an important
role in the diagnosis and management of numerous
[16-18]
abdominal and mediastinal diseases
.
The combination of EUS and elastography improves
the diagnostic yield of EUS. It can assess the elasticity
of tumors in the proximity of the digestive tract that
are hard to reach with conventional transcutaneous
[19-22]
ultrasound probes, such as pancreatic masses
[23,24]
and lymph nodes
. Results from early studies look
promising for the differential diagnosis of solid masses
[i.e., lymph nodes, pancreatic or gastrointestinal (GI)
tract masses].
Endoscopic ultrasound-guided fine needle aspi
ration biopsy (EUS-FNAB) is performed when patient
[25,26]
management would be affected
. However, it is
an invasive technique and has the risk of bleeding
[27-29]
and seeding of malignant cells
. The accuracy
of EUS-FNAB is affected by the selection of the
targeted area within the lesion to be assessed and it is
[30]
dependent upon the lesion’s visibility . Although EUS
elastography at present cannot replace EUS-FNAB for
the diagnosis of a focal lesion located in the pancreas
or for assessing lymph nodes, it still may be a useful
adjunct for guiding further clinical management
[26,31,32]
when EUS-FNAB is negative or inconclusive
. In
addition, EUS elastography can show the hardest areas
within the lesion, thus being useful for the selection of
the most suspicious area to be targeted for EUS-FNAB,
[25]
finally improving the accuracy of the method .
In the presented paper, we discuss the current
knowledge of EUS elastography, including technical
aspects, its current applications for benign-mali
gnant solid pancreatic masses and lymph nodes
differentiation, as well as its use for differentiation
between normal pancreatic tissues and chronic
pancreatitis. Moreover, the emergent indication and
future perspectives are also summarized, such as the
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use of elastography in EUS-FNAB, characterization of
lesions in the liver, biliary tract, adrenal glands and GI
tracts.

CURRENT EXAMINATION TECHNIQUES
USED IN EUS ELASTOGRAPHY
(QUALITATIVE AND SEMI-QUANTITATIVE
METHODS)
Both qualitative and semi-quantitative methods have
been developed in EUS elastography to analyze the
tissues stiffness. The former, using hue histogram
analysis and artificial neural networks, is the first
one equipped in the early generation of ultrasound
[8,20]
systems
. Afterward, strain histogram (SH) and
strain ratio (SR) were introduced in the secondgeneration EUS elastography systems as reproducible,
parametric measurements. SH computes the strain
values of elemental areas inside a ROI and produces a
graph, while SR measures the relative strain between
[25,33]
two selected areas inside a ROI
. They both analyze
the tissue stiffness in a (semi-) quantitative manner
and, therefore, they are greatly reducing the human
[34]
bias without the need for a 3rd-party software .

Qualitative EUS elastography

EUS elastography detects small structural deformations
caused by compression and grades the degree of
relative deformation between ROI included tissues on
a scale of 1-255. Each value is assigned a different
shade from a hue color spectrum for further visual
[25]
recognition . Most systems are using a red-greenblue color map in which stiffer tissue areas are shown
in dark blue to blue, whilst softer tissue areas are
displayed in hues of green to red. Because the strain
(deformation) will be smaller in stiffer tissues and
larger in softer tissues, the stiffness contrast can be
displayed in real-time and can be superimposed as a
transparent overlay on the real-time gray-scale EUS
[30]
image . The ROI for the elastographic evaluation is
manually selected and should include both the lesion
entirety (when possible) and also normal surrounding
tissue. Qualitative analysis includes a five-step score
method based on the predominant color pattern
inside the lesion: homogenously hard, heterogenously
hard, mixed, heterogenously soft or homogenously
[3,7,35-38]
soft
.
How to perform: As with conventional EUS, the
endoscopes have to be carefully manipulated to obtain
a good and a reproducible elastographical image. Both
longitudinal and radial echoendoscopes can be used for
elastography, however, the former has the advantage
that suspicious stiffer areas can be targeted for biopsy
[30,39]
under direct visualization
.
A ROI is used to define the area of interest in a
similar manner to that used for a color Doppler exami
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nation. By manipulating the probe, the necessary
pressure can be applied. Very little extra compression
is seldom needed to obtain an elastographical image,
since with careful placement of the endoscope, the
regular pressure variation from the pulsation of
adjacent vessels will normally be sufficient if the
system settings are appropriately sensitive. However,
the size of the ROI that defines the elastographic
image is important. The ROI should be sufficiently
large to include both the pathological tissue under
investigation and surrounding “normal” tissue as a
reference. The best image quality was recorded in
phantom experiments when the lesion of interest
[40]
covered 25%-50% of the ROI . In practice, for EUS
elastography applications, a ratio of approximately
50% lesion, 50% normal surrounding tissue is usually
[35,41]
achievable
. If the ROI is too small, only the
relative elasticity differences within the lesion will be
measured and displayed rather than the assessment
of the lesion stiffness compared to normal surrounding
[1,30]
tissues
.

(Semi-)quantitative EUS elastography

Two quantitative techniques have been developed
to improve the accuracy and reproducibility of the
method and to minimize the operator bias in stiffness
evaluation.
One is based on the comparison between two
[3,9,21,42]
tissue areas within the ROI to compute a SR
.
This technique is a semi-quantitative method since
the elasticity is expressed as a relative ratio but not as
[43]
an absolute value . Using this technique, two nonoverlapping areas are selected, usually area A is the
lesion, area B is the reference zone, and SR represents
[9]
the B/A quotient .
Another method that has been used is the calculation
of the mean value of the hue histogram SH, which
represents the mean strain value within the selected
[8,15]
area
. The histogram is a graph that quantifies
and represents a specific characteristic (e.g., digitized
color distribution) inside the ROI of an elastography
[25]
image . SH software has been equipped in the
newer ultrasound machines, and the graph can be
automatically created. Within the graph, the X-axis
represents the elasticity values (each value represents
a pixel color) from 0 to 255, where 0 is hardest and
255 is softest, the Y-axis values represent the number
of pixels of each value.

CURRENT CLINICAL APPLICATIONS OF
EUS ELASTOGRAPHY
EUS elastography is only applied to assess the
elasticity of solid lesions based on its principles, while
cystic lesions are usually shown as an artifact, i.e.,
[4,5]
BGR (blue-green-red) artifact . A lesion that has
cystic components should not be evaluated by EUS
elastography. Therefore, the current clinical indications
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A

B

Figure 1 Benign and malignant pancreatic masses on endoscopic ultrasound elastography. A: A pancreatic teratoma is shown as heterogeneous soft (green)
pattern (left: EUS elastography image; right: B-mode image); B: A pancreatic ductal adenocarcinoma appears stiffer (blue) than the adjacent normal pancreatic
parenchyma, probably due to the presence of fibrosis and marked desmoplasia.

Table 1 Five score classification system for endoscopic ultrasound elastography
Score
1
2
3
4
5

Color pattern

Stiffness

Histology

Ref.

Green
Green, yellow and red
Mostly blue with minimal heterogeneity
Central green hypoechoic region and blue tissue outer layer
Blue lesions with heterogeneity due to necrosis

Homogeneous soft
Soft heterogeneity
Hard
Hard
Hard

Normal pancreatic tissue
Fibrosis
Early pancreatic adenocarcinoma
Neuroendocrine tumor, metastasis
Advanced pancreatic adenocarcinoma

[6,34]
[6,34]
[6,34]
[6,34]
[6,34]

Table 2 Four score classification system for endoscopic ultra
sound elastography
Score
1
2
3
4

Color pattern

Stiffness

Histology

Ref.

Homogeneous green
Heterogeneous,
green-Predominant
heterogeneous, bluePredominant
homogeneous blue

Soft
Soft

Normal pancreas
Inflammatory
pancreatic masses
Pancreatic malignant
tumors
Pancreatic
neuroendocrine
malignant lesions

[38]
[38]

Hard
Hard

[38]
[38]

of EUS elastography are mainly solid pancreatic
lesions, submucosal GI masses, lymph nodes, focal
left liver lesions and left adrenal lesions. Few other
[44]
indications have been also reported .

Pancreas

The normal pancreas appears elastographically
soft (homogenously green) on EUS elastography
in most cases, which has been shown to be highly
[6,45]
reproducible
.
Focal pancreatic masses: Malignant pancreatic
lesions are generally harder than adjacent pancreatic
tissue. Therefore, measuring strain might aid classifi
cation of pancreatic masses. Meta-analyses demon
strated that EUS elastography is a reliable technique
for the differentiation of solid pancreatic masses with
a pooled sensitivity of 95%-97% and a specificity of
[46-48]
67%-76%, respectively
.
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Qualitative techniques: EUS elastography has been
considered a promising tool for differentiation of benign
[6,7,34,36,38]
and malignant solid pancreatic masses
. On
EUS elastography, malignant lesions (e.g., pancreatic
ductal adenocarcinoma), due to the presence of
fibrosis and marked desmoplasia, appears stiffer than
[7]
the adjacent normal pancreatic parenchyma . Still,
no evidence shows that there is a correlation between
the tumor stiffness and either the tumor grading, or
[42]
collagenous content (Figure 1).
Different classification of color patterns has been
used to distinguish malignant masses from benign
[6]
ones , though this simplistic approach has been
[35]
contradicted by other authors and later articles . A
five score classification was firstly reported in 2006
based on the color patterns of lesions, by Giovannini
[6]
et al , with a sensitivity of 100% and a specificity of
67% (Table 1). In this scoring system, scores 3-5 were
considered malignant, while 1 and 2 were considered
[34]
benign. In 2009, Giovannini et al
published their
results based on a multicenter study using the same
scoring system, the accuracy being 89.2%, and
both sensitivity and positive predictive value (PPV)
being over 90%. A four score classification has also
been used by other authors (Table 2), the diagnostic
sensitivity, specificity and overall accuracy of EUS
elastography for diagnosing malignancy being of
100%, 85.5% and 94%, respectively based on this
[38]
score .
However, disappointing results of qualitative EUS
[7,35]
elastography have also reported in two studies
.
[35]
Hirche et al
found that the diagnostic sensitivity,
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A

B

Figure 2 Combination of elastography and contrast-enhanced ultrasound in endoscopic ultrasound. A: A pancreatic ductal adenocarcinoma is demonstrated
as a heterogeneous hard (blue) pattern; B: On contrast-enhanced endoscopic ultrasound, pancreatic ductal adenocarcinoma is hypo-enhancing.

specificity and accuracy for predicting the nature of
pancreatic lesions were just 41%, 53% and 45%,
[7]
respectively. Also, Janssen et al , as the result of
their study, concluded that chronic pancreatitis and
hard malignant tumors cannot be distinguished by
elastography, probably due to their similar fibrous
structure.
Therefore, the diagnostic accuracy of qualitative
EUS elastography is variable among studies, probably
because of the subjective interpretation of the
elastographic pattern caused by perception errors
and the inability of the human eye to completely
[45,49]
characterize all color hues
. Even though some
bias cannot be avoided, one study showed very good
correlation between observers by analyzing the videos
recorded from 258 patients with chronic pancreatitis
[20]
and pancreatic cancer .
Quantitative EUS elastography: As previously
described, both SR and SH are possible methods to
quantitatively characterize pancreatic lesions. It is
reported that there are no differences regarding the
accuracy of the two techniques for the differentiation
[33]
between benign and malignant pancreatic masses .
[9]

SR: Iglesias-Garcia et al firstly published the results
of a prospective study concerning the accuracy of
quantitative EUS elastography for the differential
diagnosis of solid pancreatic masses on 86 consecutive
patients. The results of their study showed that
quantitative EUS elastography with strain ratio has
higher accuracy (97.7%) and specificity (92.9%) as
compared to the qualitative analysis. A SR higher
than 6.04 or a mass elasticity lower than 0.05% is
100% sensitive for classification of tumors as being
malignant. The specificity can be improved to 100%
with a SR higher than 15.41 or a mass elasticity value
below 0.03%. In addition, EUS elastography could
differentiate pancreatic cancers from inflammatory
masses (100% sensitivity and 96% specificity), and
pancreatic cancers from neuroendocrine tumors (100%
sensitivity and 88% specificity).
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Using the same methods as within the above
[9]
study , another study retrospectively evaluated 109
[21]
patients with solid pancreatic masses . With the
qualitative technique, all pancreatic cancers presented
intense blue coloration, however, the inflammatory
masses showed mixed colorations (green, yellow, and
low-intensity blue). With the quantitative technique,
the mean SR was 39.08 ± 20.54 for pancreatic cancer,
and 23.66 ± 12.65 for the inflammatory masses (P <
0.05).
SH: Quantitative EUS elastography with SH has also
been investigated in studies. Using 175 as the cut
[8]
off value of the mean SH, Săftoiu et al reported
sensitivity, specificity, PPV, negative predictive value
(NPV) and accuracy of 91.4%, 87.9%, 88.9%, 90.6%,
and 89.7%, respectively, in differentiating between
benign and malignant pancreatic masses. Recently,
a multicenter study with 258 patients used the
same cut-off value (175), and found that sensitivity,
specificity, PPV, NPV and accuracy of EUS elastography
were 93.4%, 66.0%, 92.5%, 68.9%, and 85.4%,
[20]
[42]
respectively . In another study, Schrader et al
evaluated the usefulness of SH in differentiating
malignant pancreatic masses from normal pancreas
and found a very promising result with 100% sen
sitivity and 100% specificity for malignancy detection.
However, a limitation of this study was the selection
of the control group, since the authors used normal
pancreas as control group compared with the group
with malignant pancreatic diseases, but did not use
patients with pancreatic masses or chronic pancreatitis
as control group.
Combination of elastography and contrastenhanced color Doppler ultrasound in eus:
Malignant solid pancreatic masses are usually hypovascular on (contrast enhanced) color Doppler
ultrasound and hypo-enhancing on contrast-enhanced
[50]
[22]
ultrasound
(Figure 2). A study by Săftoiu et al
found that the combination between EUS elastography
and contrast-enhanced color Doppler EUS could
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offer important information for the decision-making
process, especially in patients with negative EUS-FNAB
and strong clinical suspicion of malignancy. In their
study, both modalities were performed sequentially
during the same EUS examination in 21 patients with
chronic pancreatitis and in 33 patients with pancreatic
ductal adenocarcinoma. The sensitivity, specificity,
accuracy, PPV and NPV of the combined techniques
for differentiation of hypo-vascular hard masses
suggestive of pancreatic carcinoma were 75.8%,
95.2%, 83.3%, 96.2% and 71.4%, respectively.

Diffuse pancreatic diseases

Chronic pancreatitis: EUS has become one important
method for the diagnosis of chronic pancreatitis in
clinical practice. Still, there are many challenges with
the criteria from EUS, especially for diagnosing nonadvanced stages. EUS elastography can provide
additional relevant information of tissue stiffness and
thus may benefit the diagnosis of chronic pancreatitis.
[51]
In a recent published prospective study , quantitative
EUS elastography was performed in 191 patients
(from which 92 were finally diagnosed with chronic
pancreatitis), The SR was measured in the head, body
and tail of the pancreas and the mean value was used
for analysis. For each measurement of SR, area A was
the largest possible area of pancreatic parenchyma,
and area B referred to a soft (red) reference area
corresponding to normal surrounding gut wall. Results
showed that there was a highly significant direct
linear correlation between the SR and the number of
EUS criteria of chronic pancreatitis (r = 0.813). The
accuracy of EUS-elastography for diagnosing chronic
pancreatitis was 91.1 % (cut-off strain ratio of 2.25).
Therefore, EUS-elastography is proven to be an
accurate tool for the diagnosis of chronic pancreatitis
according to this study.
Pancreatic fibrosis: The usefulness of EUS
elastography for diagnosing the grade of pancreatic
[52]
fibrosis has been evaluated in one study . EUS
elastography was performed in 58 consecutive patients
before pancreatectomy for both pancreatic tumors and
upstream pancreas. Quantitative technique with novel
software was used to analyze the EUS elastography
images, and 4 parameters (mean, standard deviation,
skewness, and kurtosis) were calculated. Histological
fibrosis was graded into 4 categories (normal, mild
fibrosis, marked fibrosis, and severe fibrosis). The
results showed that fibrosis grade was significantly
correlated with all 4 quantification parameters, and
that the mean was the most useful parameter for
diagnosing pancreatic fibrosis. The area under the
ROC curves for the diagnosis of mild or higher-grade
fibrosis, marked or higher-grade fibrosis and severe
fibrosis were 0.90, 0.90, and 0.90, respectively.
Therefore, EUS elastography may be a useful tool for
the accurate diagnosis of pancreatic fibrosis.
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Future developments

Future developments of EUS elastography for pan
creatic related pathologies include evaluation of the
role of elastography-guided biopsy of the pancreas.
EUS elastography has high sensitivity for detecting
even very small pancreatic masses, and in addition,
can be helpful in staging pancreatic cancer and for
guiding a biopsy to obtain samples for cytological or
[1,46-48]
histological diagnosis
. The additional value of
elastography combined with other techniques such as
contrast-enhanced endoscopic ultrasound (CE-EUS),
fusion imaging or 3D elastography examinations might
[30,49]
also be feasible
.

Lymph nodes

The differentiation of benign and malignant lymph
nodes (LNs) is crucial for staging, for prediction of
prognosis and for selection of appropriate treatment
options in many cancers, such as esophageal,
stomach, bronchial, and pancreatic carcinomas. LNs
that are close to the gut can be imaged with EUS,
but the differential diagnosis of benign and malignant
nodes with EUS remains a challenge. Although there
are already some established criteria on B-mode
EUS for the diagnosis of malignant LNs (such as
hypoechoic structure, round shape, sharp margins, >
10 mm diameter), these features overlap sometimes
with benign nodes. Also, it should be considered that
malignant nodes at early stages may have less or even
[53]
none of these typical features , the specificity and
[25,30,54,55]
accuracy with these criteria being rather low
.
In this setting, EUS-elastography, as a minimally
invasive imaging modality may be helpful for the
differential diagnosis of benign and malignant LNs or
to single out the more suspicious nodes to be targeted
[23,39]
for endosonographic guided tissue sampling
.

Qualitative EUS elastography

Similar with pancreatic masses, malignant LNs are
considered to be harder than benign ones, which
[6,23,24,34,56]
has been studied in several publications
[6]
(Figure 3). Giovannini et al first published their
results on evaluation of the usefulness of qualitative
EUS elastography in differentiating the benign from
malignant LNs with different locations (cervical, celiac,
mediastinal and aortocaval). A number of 31 lymph
nodes from 25 patients were included in this study.
The predominance of blue areas was considered to be
related to malignancy, however, mostly green nodes
and indeterminate ones (shown as heterogenicity),
were classified as benign. The obtained sensitivity and
specificity for determining malignancy were 100%
[24]
and 50%, respectively. Janssen et al
evaluated
the feasibility and the usefulness of qualitative EUS
elastography for characterizing the LNs in the dorsal
mediastinum, regarding the histological results
obtained in the same session from EUS-FNAB as the
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Figure 3 Malignant Lymph nodes on endoscopic ultrasound
elastography. A malignant lymph node is revealed as predominantly
hard (blue). Arrows indicate infiltration. LN: Lymph node.

LN

gold standard. Benign LNs exhibited predominantly
intermediate homogeneous deformation (yellow/
green), while malignant LNs showed a quantitative
dominance of hard (blue) units. The three examiners
who participated in the study had accuracies ranging
from 84.6% to 86.4% for malignant lymph nodes,
and from 81.8% to 87.9% for benign ones. The
interobserver agreement was good (kappa = 0.84).
A five-point scoring system has also been eval
uated. In a multicenter study, scores 1 and 2 were
interpreted as benign, score 3 as indeterminate and
scores 4 and 5 as malignant. The obtained sensitivity,
specificity, PPV, NPV, and accuracy for the detection of
malignancy were 91.8%, 82.5%, 88.8%, 86.8%, and
[34]
88.1%, respectively . The interobserver agreement
yielded a kappa score of 0.657 for the detection of
[34]
[56]
malignant LNs . Săftoiu et al , also using a 5-score
system, evaluated LNs in cervical, mediastinal, and
abdominal areas, and got better results. The obtained
sensitivity, specificity, and accuracy for the distinction
of benign and malignant LNs were 91.7%, 94.4%, and
92.86%, respectively.
One meta-analysis including 7 studies, 368 patients
and 431 LNs, has investigated the application of EUS
elastography for the differentiation between benign and
malignant LNs. The pooled sensitivity and specificity
of EUS elastography for the differential diagnosis
of benign and malignant LNs were 88% and 85%,
respectively. The area under the summary receiver
operating characteristic curve was 0.9456. Authors
concluded that EUS elastography is a promising, noninvasive technique for the differentiation of malignant
LNs, and that it may become a valuable supplemental
[23]
method to EUS-guided FNAB .

mean of the SH (between blue and green on the
rainbow scale), the sensitivity, specificity, and accuracy
of EUS elastography in the detection of malignancy
were 85.4%, 91.9%, and 88.5%, respectively. The
corresponding area under the curve was 0.928. Two
recent studies using not only SH but also SR showed
superior accuracy of EUS elastography as compared
to conventional EUS criteria in differentiating benign
and malignant LNs for the nodal staging of esophageal
[58,59]
cancer
.
[60]
However, only one study by Larsen et al , using
both qualitative and quantitative (with SR) EUS
elastography, did not find that EUS elastography is
better than EUS morphology in differentiating between
benign and malignant LNs, at least for included
patients with resectable upper GI cancers.

Quantitative EUS elastography

Subepithelial masses

[56]

The previously referred study by Săftoiu et al
also included a quantitative analysis, i.e., a separate
RGB channel histograms. With a cut-off level of
0.84, the sensitivity, specificity, and accuracy for
malignancy detection were 95.8%, 94.4%, and
95.2%, respectively. A subsequent study also by
[57]
Săftoiu et al
used quantitative EUS elastography
based on SH to investigate cervical, mediastinal and
abdominal LNs. With a cut off value of 166 for the
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Future development (eus elastography for eus-fna)

EUS-FNA offers the most reproducible results in the
diagnosis of metastatic LN infiltration, with an accuracy
[39,54,61]
greater than 85%
. But the accuracy depends
on the appropriate selection of LNs and targeting of
focal infiltration within LNs for biopsy. Both B-mode
diagnosis and EUS-FNAB may fail to detect the
smallest LN metastases. Elastography is able to identify
the smallest metastatic related changes in tissue
hardness, thus it has the potential to be useful for
target selection prior to endosonographic guided tissue
[39]
[4]
sampling
(Figure 4). The European guidelines for
the use of elastography in clinical practice suggest that
EUS elastography adds information to the B-mode
evaluation of LNs and can better guide an EUS-FNA
procedure by identifying stiffer and thus, most
suspicious regions for malignant infiltration.

Imaging the layers of the GI tract is one of the major
[30]
indications of the EUS examination . EUS with highfrequency transducers of at least 7 MHz is used to
improve visualization of wall layers, thickened bowel
walls and target lesions. In the case of subepithelial
masses, EUS elastography can provide information
on stiffness, which may help increase the diagnostic
confidence and accuracy of the staging. So far, there
have been only few reports concerning the use of EUS

13218

December 21, 2015|Volume 21|Issue 47|

Cui XW et al . EUS elastography
different elastographical color distributions. However,
there was no significant correlation between the
elastographic appearance of sphincters and the
functional and clinical parameters of the patients.
Therefore, EUS elastography may not yield additional
information in patients with fecal incontinence.

Liver

Figure 4 Endoscopic ultrasound elastography adds information to the
B-mode evaluation of lymph nodes and can better guide a fine needle
aspiration procedure by identifying stiffer (blue in the image) and thus,
most suspicious regions for malignant infiltration. Arrow indicates needle
tip.
[62-64]

elastography in characterizing subepithelial masses
.
On B-mode EUS, the characteristics of benign
subepithelial masses include (1) specific layer location
(in the case of lipoma); (2) size smaller than 3 cm;
(3) a smooth contour; (4) uniform echogenicity; and
(5) lack of infiltration signs. On EUS elastography,
benign subepithelial masses usually are showing
an intermediate stiffness with homogenous strain
[30,61,63-65]
pattern
. During follow-up, they usually have
little to no changes in regards to the aforementioned
criteria. However, the detection of some degenerative
changes makes the diagnosis of benignity very
[63]
difficult .
Lipomas are the most common subepithelial
lesions. On EUS elastography, they are usually homo
genously soft but occasionally, stiffer lipoma may also
[1,30,63]
occur
.
Malignant subepithelial masses have the following
B-mode EUS criteria: (1) size > 3-4 cm; (2) an irregular
contour or ulceration; (3) heterogeneous structure;
[30]
and (4) LNs infiltration . They usually show a heter
[63,64]
ogeneously stiff pattern on EUS elastography
(Figure
5).
Gastrointestinal stromal tumors (GISTs) are difficult
cases. EUS elastography does not currently provide
a good enough resolution to properly assess the
[30,63]
microfoci found in GISTs
(Figure 6).

The anal canal has the same layered structure as the
rest of the GI tract and different layers have different
elasticities, which is shown as different color patterns
[1,66]
[66]
of each layer on elastography
. Allgayer et al
evaluated the elastography of anal sphincters in 50
patients with fecal incontinence, and found that the
inner anal sphincter and external anal sphincter had
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Biliary tract

Less data has been published concerning the use
of EUS elastography for the diagnosis of disorders
[44]
of the biliary tract . Choledocholithiasis, chronic
inflammatory or sclerosing processes may cause
[30]
stiffness of the bile duct walls . Our previous paper
has reported that biliary papillomatosis showed a
homogenously hard pattern of the distal stenosis when
the mass infiltrates beyond the wall and the stenosis
[44]
caused is severe .

Adrenal glands

The left adrenal gland is anatomically located near
the posterior gastric body wall, and thus it can be
[69,70]
visualized using EUS in almost every case
.
However, the right adrenal gland can be visualized
[30,69-72]
more readily using the transcutaneous route
.
Studies regarding EUS-FNAB found that EUSFNAB provided an accurate diagnosis of adrenal
[73]
metastasis . No studies have been published regar
ding the use of EUS elastography in differentiating
malignant adrenal masses from benign ones, except
[1,3,36,65,74]
few reports
(Figure 7). Malignant infiltrations
tend to be stiffer than benign tumors, inflammatory
[30]
processes and fatty deposits .

future perspective on techniques

EMERGENT INDICATIONS AND FUTURE
PERSPECTIVES
Fecal incontinence

Although transcutaneous ultrasound elastography
has been established as a modality for assessing
the stiffness of liver tissue and even of focal liver
[67,68]
lesions
, there is still a lack of data on the use of
EUS elastography for the liver. A possible reason is
that EUS can usually only image the left liver lobe but
not the entire organ, which limits its application for the
liver. Our previous publications have briefly described
the use of EUS elastography for the detection and
differentiation of superficial liver tumors in the left liver
[1,3]
lobe .

Shear wave elastography, including acoustic radiation
force impulse imaging and supersonic shear wave
imaging, has been proven useful in assessing the
stiffness of breast lesions, thyroid lesions and liver
[4,5,68]
fibrosis
. However, this technique is still not
available with an endoscope. Supersonic shear wave
imaging has been already equipped on the transrectal
ultrasound transducers, and its usefulness in the
distinction of benign and malignant prostate lesions
[75]
has been published . It is expected that shear wave
elastography could be also available on an endoscope,
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Figure 5 Gastric carcinoma is shown as
heterogeneously stiff pattern (blue) on
endoscopic ultrasound elastography.

Figure 6 Gastrointestinal stromal tumor is
revealed heterogeneous hard (blue) pattern
on endoscopic ultrasound elastography.

which would provide a new way to assess the stiffness
of pancreatic masses and adjacent LNs, etc.

LIMITATIONS
The limitations of EUS elastography are the following:
(1) both qualitative and quantitative methods
are observer-dependent with operator bias in the
selection of ROI and areas for analysis, which could
cause intra- and inter-observer variability; (2) it is
difficult to control the tissue compression by the
endosonographer, and excessive pressure applied to
the tissues can artificially increase their strain; (3)
since a high-frequency transducer is used in the EUS
elastography, the depth of penetration is limited, thus
only the organ or part of the organ near the GI tract
can be imaged; (4) presence of motion artifacts; (5)
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the strain value can be impacted by the vessels, cysts
and bones in the selected ROI; and (6) the strain
value may be also impacted if there is insufficient
surrounding “normal tissue” as reference in the ROI,
thus, the SR method may be occasionally unavailable
[47]
due to this issue . Other limitations include that EUS
elastography needs more training and costs more time
in procedure than conventional US elastography.

CONCLUSION
As a minimally invasive method, EUS plays an impor
tant role in assessing malignancies of the GI tract and
nearby organs. Elastography adds valuable information
to EUS by providing a qualitative and quantitative
evaluation of tissue stiffness, thus reflecting the
malignant or benign nature of the disease. Pancreas
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A

B

Figure 7 Benign adrenal gland tumor is typically soft (green) on endoscopic ultrasound elastography (A) and hyper-enhancing on contrast-enhanced
endoscopic ultrasound (B).

and LNs are the two most investigated organs with
EUS elastography. Both qualitative and quantitative
techniques have been proven useful in the differentiation
between benign and malignant solid pancreatic masses
and lymph nodes, and differentiation between normal
pancreatic tissues and chronic pancreatitis, all with
a high accuracy. EUS elastography can be combined
with other imaging techniques, such as CE-EUS, which
may be helpful to further improve the accuracy of EUS
assessment.
EUS elastography is currently not ready to
replace EUS-FNAB in any of its indications. However,
EUS elastography may be useful for making clinical
decisions, such as whether biopsies are necessary for
a patient, which LNs are most likely to be malignant
and thus selected for biopsy. In addition, a suspicious
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finding on EUS elastography can be helpful for guiding
further clinical management when EUS-FNAB is
inconclusive or negative.
Few publications have suggested that EUS elasto
graphy may be also useful to identify the hard (most
likely to be malignant) areas within the pancreatic
masses and lymph nodes for targeted EUS-FNAB.
However, future studies are needed to further define
the role of EUS elastography in this indication.
Emergent indications include the use of EUS
elastography for the characterization of lesions located
in the liver, biliary tract, adrenal glands, and GI tract.
Still, additional evidence is required to define the role
of EUS elastography in these clinical applications.
Future perspectives also include monitoring treatment
response in antiangiogenic therapy with elastography
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technique and application of EUS elastography in
[76]
[77]
pediatric patients and adequate reimbursement .
14
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Abstract
AIM: To investigate the co-incidence of apoptosis,
autophagy, and unfolded protein response (UPR) in
hepatitis B (HBV) and C (HCV) infected hepatocytes.
METHODS: We performed immunofluorescence
confocal microscopy on 10 liver biopsies from HBV and
HCV patients and tissue microarrays of HBV positive
liver samples. We used specific antibodies for LC3β,
cleaved caspase-3, BIP (GRP78), and XBP1 to detect
autophagy, apoptosis and UPR, respectively. AntiHCV NS3 and anti-HBs antibodies were also used to
confirm infection. We performed triple blind counting
of events to determine the co-incidence of autophagy
(LC3β punctuate), apoptosis (cleaved caspase-3), and
unfolded protein response (GRP78) with HBV and HCV
infection in hepatocytes. All statistical analyses were
performed using SPSS software for Windows (Version
16 SPSS Inc, Chicago, IL, United States). P -values <
0.05 were considered statistically significant. Statistical
analyses were performed with Mann-Whitney test to
compare incidence rates for autophagy, apoptosis, and
UPR in HBV- and HCV-infected cells and adjacent noninfected cells.
RESULTS: Our results showed that infection of
hepatocytes with either HBV and HCV induces
significant increase (P < 0.001) in apoptosis (cleavage
of caspase-3), autophagy (LC3β punctate), and UPR
(increase in GRP78 expression) in the HCV- and HBVinfected cells, as compared to non-infected cells
of the same biopsy sections. Our tissue microarray
immunohistochemical expression analysis of LC3β
Neg
Pos
in HBV and HBV revealed that majority of HBVinfected hepatocytes display strong positive staining
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for LC3β. Interestingly, although XBP splicing in HBVinfected cells was significantly higher (P < 0.05), our
analyses show a slight increase of XBP splicing was
in HCV-infected cells (P > 0.05). Furthermore, our
evaluation of patients with HBV and HCV infection
based on stage and grade of the liver diseases revealed
no correlation between these pathological findings and
induction of apoptosis, autophagy, and UPR.

Core tip: For the first time, the current study has
addressed the co-incidence of apoptosis, autophagy,
and unfolded protein response in the liver tissue of
hepatitis B and hepatitis C (HBV, and HCV) infected
patients. The results showed that all of these events
are activated at the same time by HBV and HCV
infection in the liver. All of these pathways probably
are involved in replication and pathogenesis of HBV
and HCV infection; therefore their modulation would
probably be beneficial for new therapeutic approaches
in these diseases.
Yeganeh B, Rezaei Moghadam A, Alizadeh J, Wiechec E,
Alavian SM, Hashemi M, Geramizadeh B, Samali A, Bagheri
Lankarani K, Post M, Peymani P, Coombs KM, Ghavami S.
Hepatitis B and C virus-induced hepatitis: Apoptosis, autophagy,
and unfolded protein response. World J Gastroenterol 2015;
21(47): 13225-13239 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13225.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13225

INTRODUCTION
The liver is the primary organ infected by, and in which
both hepatitis B virus (HBV) and hepatitis C virus (HCV)
replicate. HBV and HCV are structurally unrelated and
responsible for infection of huge numbers of individuals
in the world.
It has been reported that around 2 billion people
are infected with HBV, and more than 350 million
are chronic carriers according to clinical definitions
that identify individuals who have continuous viral
and subviral particles in their blood for more than six
[1,2]
months . Several studies have determined that HBV
infection in adulthood might lead to a carrier stage in
about 5%-10% of infected individuals. In addition,
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in up to 30% of these individuals hepatitis, fibrosis,
cirrhosis, and finally hepatocellular carcinoma (HCC)
can develop and it is usually considered a progressive
[3]
chronic liver disease (CLD) . Several groups have
investigated the risk of HCC development in different
populations and shown that HCC development can be
increased up to 100-fold in carrier infected individuals
compared with uninfected individuals, which depends
on the population and different markers. The risk of
developing HCC among carriers with CLD ranges from
10-fold to 100-fold greater compared to uninfected
[2,4]
people . Approximately 85% of acute HCV infection
leads to a chronic situation and 50% of individuals who
suffer from HCV chronic infections (about 170 million
worldwide) can develop CLD. Approximately 5%-20%
of this population can progress to liver cirrhosis in
5-20 years after their infection, and 1%-2% of these
[3]
patients will probably develop HCC per year . It is
strongly believed that this can be considered one of
the closest relationships between an environmental
[3]
agent and a cancer that has so far been identified .
Autophagy is a tightly regulated catabolic process,
which is essential in many cellular events including deve
[5-7]
lopment, differentiation, survival, and homeostasis .
In the past few years, many investigators have focused
on the involvement of autophagy in different human
diseases and many aspects of this relationship have
[8-10]
been described
. Autophagy is usually considered a
[11]
very important step for numerous virus life cycles ,
[12]
including HBV and HCV .
Apoptosis is programmed cell death initiated via
two different pathways (1) extrinsic which is activated
by ligation of death receptors; and (2) intrinsic which
is activated by mitochondrial death-related proteins.
These two distinct pathways crosstalk and potentiate
each other to ultimately activate the caspase cascade
and facilitate controlled proteolysis of cellular
[13-15]
components
.
Synthesized and secretory proteins are correctly
folded and assembled in the endoplasmic reticulum
[16]
(ER) . During cellular stress, the ER loses its capa
city to correct protein folding which results in the
accumulation of unfolded and misfolded proteins.
Following this, the unfolded protein response (UPR)
targets the degradation of the accumulated proteins
in the ER, inhibits global protein translation and also
activates the transcription of genes that increase
the protein folding capacity of the ER including
[17]
lectins, chaperones, and calcium pumps . Three ER
membrane sensors mediate signals from the ER upon
activation of the UPR including activating transcription
factor 6 (ATF6), inositol-requiring enzyme 1α (IRE1α),
and protein kinase RNA (PKR)-like ER-localized
[16]
kinase (PERK) . Each of these molecules activates
independently distinct signaling pathways to provide
[18]
an integrated response to ER stress . Unfolded
and misfolded proteins in the ER disrupt binding of
the binding immunoglobulin protein (BIP)/glucose-
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regulated protein 78 (GRP78) with ER stress sensors,
leading to their activation. PERK phosphorylates
eukaryotic initiation factor 2α (eIF2α) which results
in a decrease in mRNA translation with concurrent
translation increase of several mRNAs like activating
transcription factor 4 (ATF4) and the CCAAT-enhancerbinding protein homologous protein (CHOP) (ATF4
[16]
downstream target) .
Several previous investigations have shown that
[19-24]
[25-27]
HBV
and HCV
infection can modulate apop
tosis, autophagy, and UPR in different in vitro and
non-human in vivo models. However, most of these
studies did not use human samples and also have not
simultaneously investigated apoptosis, autophagy,
and UPR in the same infected tissue or organ. To
address these gaps, we used tissue microarray, and
fluorescence immunohistochemistry (IHC) in the
present study to evaluate apoptosis, autophagy and
UPR in human biopsy samples from patients who were
infected with HBV or HCV. This study, for the first time,
provides an evaluation of these events at the same
time in HBV and HCV liver biopsies of infected patients.

MATERIALS AND METHODS
Materials and antibodies

The following antibodies were used in this study for
immunoflourescence or IHC, or both: LC3β antibody
was obtained from Proteintech (18725-1-AP, Chicago,
IL, United States). Antibody for hepatitis B surface
antigen (HBsAg) was obtained from Novus Biologicals
(NBP1-22568, Littleton, Co, United States). Cleaved
caspase-3 (Asp175) antibody was purchased from
Cell Signaling Technology (#9661, MA, United States).
Anti-Hepatitis C virus NS3 (ab49486), anti-BIP (GRP78)
(ab21685) and anti-XBP1 (ab37152) antibodies were
purchased from Abcam (Cambridge, MA, United States).
Biotin conjugated secondary antibodies were purchased
from Jackson Immunoresearch Laboratories, Inc. (West
Grove, PA, United States). VECTASTAIN Peroxidase
ABC kit was purchased from Vector Laboratories
(Vector Laboratories, Burlingame, CA, United States).
Fluorescent-conjugated (Alexa Fluor 488 and 546)
secondary antibodies were purchased from Molecular
Probes (Eugene, OR, United States). Type B hepatitis
and normal liver tissue array (IC03001) was purchased
from United States BioMax (Rockville, MD, United
States).

Ethical protocol

This retrospective study was approved by local
research ethics committee of Health policy research
Center (Protocol number HP-101-91). All patients were
informed about the study and gave verbal informed
consent prior to enrollment.

Selection criteria for HBV and HCV patients

HBV- and HCV-infected individuals (10 in each group)
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were diagnosed and selected based on the following
criteria from the patients who had been referred to
Namazi Hospital (Shiraz, Iran): (1) HBV-infected
patients: Hepatitis virus surface antigen positive and
HBV DNA > 2000 IU/ml in the serum; and (2) HCVinfected patients: HCV antibody positive, which was
confirmed by detecting HCV RNA in the serum.
All cases had abnormal levels of liver enzymes
including alanine transaminase; 2 × the upper limit
of normal range (Normal Range is 7-56 IU/L) in two
measurements that were performed three months
apart. In all cases other diagnoses were ruled out with
appropriate work up and no case had mixed cause
of liver function abnormality in this series. DNA was
extracted using Qiagen kit (Qiagen, Hiden, Germany),
as per manufacturer’s instructions. HBV and HCV
genome copy numbers were measured using Qiagen
kit (Germany). Patients with other causes of chronic
liver disease such as Wilson’s hemochromatosis, drug
induced liver disease, alpha-1 antitrypsin deficiency,
or alcoholic liver diseases were excluded. Patients
were also excluded if pregnant, or if presented with
comorbid conditions including diabetes mellitus,
congestive heart failure, or chronic kidney disease.

Liver biopsy and sample preparation

Biopsy of the liver was performed by the radiologist
under the guide of ultrasound or computerized tomo
®
graphy (CT) scan using Tru-cut needles (standard
biopsy needle). Biopsies were fixed in formalin, and
then processed as routine pathology specimens.

Histology and immunohistochemistry

Paraffin-embedded liver tissues were used for
histology and IHC. Briefly, paraffin sections of 4 μm
thickness were prepared, deparaffinized, rehydrated
and used for staining. Following unmasking of antigens
using Heat-Induced Epitope Retrieval and citrate buffer
(0.1 mol/L citric acid, 0.1 mol/L sodium citrate, pH
6.0) in a Coplin Jar for 30 min, IHC was performed
by means of detecting antigens with corresponding
primary antibodies followed by biotinylated secondary
antibodies (Jackson ImmunoResearch Labs) and an
avidin-biotin peroxidase complex technique using ABC
kit. The slides were then counterstained with Mayer’
s hematoxylin (Sigma, H9627), dehydrated and
mounted with Permount (Thermo Fisher Scientific,
Ottawa, ON, Canada). For Immunofluorescence
staining, after primary antibody incubation, sections
were covered with fluorescent-conjugated (Alexa Fluor
488 and 546) secondary antibodies followed by nuclear
®
staining using ProLong Gold Antifade Mountant with
4′,6-diamidino-2-phenylindole DAPI (Molecular Probes,
Eugene, OR, United States).
As a negative control, sections were processed as
above but addition of primary antibody was omitted.
Images were captured using a Leica CTRMIC 6000
confocal microscope equipped with a Hamamatsu
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C910013 spinning disc camera (Leica Microsystems,
Inc., Concord, ON, Canada). Laser intensity and
detector sensitivity settings remained constant for all
image acquisitions within each experiment. Images
were later analyzed with Volocity software (PerkinElmer, Woodbridge, ON, Canada).

Liver tissue microarray and scoring

IHC analysis was performed on commercially available
tissue microarray (TMA) (cat. No. IC03001; Biomax
Inc., Rockville, MD, United States) consisting of 30
cases of normal liver tissue and 10 cases of HBVinduced hepatitis. For evaluation of IHC staining, semiquantitative scoring (H-scores) was used to assess
positive staining for LC3β protein expression in TMAs
[28]
according to the method described previously .
The H-score was calculated by a semi-quantitative
assessment of both staining intensity (scale 0-3) and
the percentage of positive cells (0%-100%), which,
when multiplied, generated a score ranging from 0 to
300. The intensity score was made on the basis of the
average intensity of staining where 0 = negative, 1
= weak, 2 = intermediate and 3 = strong. Statistical
analysis was carried out on the H-score data obtained.
Scoring of the sections was performed blindly by three
independent individuals.

Classification of HBV and HCV patients based on the
liver disease stage and grade

HBV and HCV patient liver biopsies were carefully
assessed by two pathologists and the stage and grade
of their liver disease were classified based on the
following definitions:
Grade (necroinflammation grade): 0 = none, 1-6
= mild, 7-12 = moderate, 13-18 = severe; Stage
(Ishak Fibrosis Score): 0 = No fibrosis, 1-2 = Fibrous
expansion of some and most portal areas (+/-) short
fibrous septa, 3-4 = Fibrous expansion of most portal
areas with occasional portal to portal (P-P) bridging
and Fibrous expansion of portal areas with marked
bridging (P-P) as well as portal to central (P-C), 5-6
= Marked bridging (P-P and/or P-C), with occasional
nodules (incomplete cirrhosis), and Cirrhosis, probable
or definite. The results of HBV and HCV patient
classifications are shown in Table 1 (stage) and Table 2
(grade).

Statistical analysis

All statistical analyses were performed using SPSS
software for Windows (Version 16 SPSS Inc, Chicago,
IL, United States). P-values < 0.05 were considered
statistically significant. Statistical analyses were
performed with Mann-Whitney test for comparing
autophagy marker (punctate LC3β), apoptosis marker
(cleaved caspase-3), and UPR marker (BIP) between
HBV- and HCV-infected cells and adjacent non-infected
cells. Statistical analyses were performed with KruskalWallis test for relation of stage (ordinal variable)
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Table 1 Stage of liver disease in hepatitis B and C virus
infected patients

Table 2 Grade of liver disease in hepatitis B and C virus
infected patients

Stage

Grade

HBV (n)
HCV (n)

None

Mild

Moderate

Severe

5
3

5
5

0
1

0
1

HBV (n)
HCV (n)

HBV: hepatitis B virus; HCV: hepatitis C virus.

A

None

Mild

Moderate

Severe

4
4

3
2

3
1

0
3

HBV: hepatitis B virus; HCV: hepatitis C virus.

Anti HBV

20 mm

B

HCV, NS3

20 mm

C

LC3B

D

LC3B

20 mm

Figure 1 Confirmation of hepatitis B and C virus infection and LC3β expression in liver tissues. A: Immunohistochemistry (IHC) confirms hepatitis B virus
(HBV) infection in the liver tissue; the image is representative of IHC for HBV infection in all patients; B: IHC confirms hepatitis C virus (HCV) infection (Anti NS3 HCV)
in the liver tissue; the image is representative of IHC for HCV infection in all patients; C: IHC confirms LC3β expression in HBV infected liver tissue; the image is
representative of IHC for all patients; D: IHC confirms LC3β expression in HCV infected liver tissue; the image is representative of IHC for all patients.

and grade (ordinal variable) liver biopsies of HBV
and HCV patients with autophagy marker (punctate
LC3β), apoptosis marker (cleaved caspase-3), and
UPR marker (BIP). Because of our small sample size,
we used the non-parametric Kruskal-Wallis test. It
is noteworthy to mention that Kruskal-Wallis test is
equivalent nonparametric test of “one-way analysis of
variance”.

RESULTS
HBV and HCV infection induces autophagy in human
liver tissue

IHC analyses confirmed HBV and HCV infection in
different liver tissue samples (Figure 1A and B). LC3β
expression was later investigated in different HBVand HCV-infected liver tissues and LC3β expression
was confirmed in all samples (Figure 1C and D). It has
been previously shown that lipidated LC3β serves as

WJG|www.wjgnet.com

[5,29-31]

a reliable marker of autophagy in ICC and IHC
.
Because the previous immunochemistry analyses were
meant to primarily confirm infection status and globally
explore LC3β expression, we also used fluorescent IHC
to directly identify autophagy in the liver biopsy cells
from HBV and HCV positive patients (Figure 2A and
B). Our results show accumulation of autophagosomes
in HBV- (Figure 2A) and HCV- (Figure 2B) infected
hepatocytes as determined by significantly higher
number of LC3β-positive puncta in both HBV- (Figure
2C) and HCV- (Figure 2D) infected cells compared to
adjacent non-infected hepatocytes (P < 0.001).

Tissue microarray immunohistochemical profile of LC3β
in HBVNeg and HBVPos hepatocytes

Immunostaining for LC3β was performed on the
commercially available TMA slide (see Materials and
Methods). A total of 40 samples were analyzed. Ten of
the samples were type B hepatitis and 30 were normal
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Figure 2 hepatitis B and C virus infection induces autophagy in liver tissues. A: Fluorescent immunohistochemistry (IHC) confirms co-localization of hepatitis
B virus (HBV) and punctate LC3β in the HBV-infected liver tissue; the image is representative of fluorescence IHC for all patients; B: Fluorescencent IHC confirms
co-localization of hepatitis C virus (HCV) and punctate LC3β in the HCV infected liver tissue; the image is representative of fluorescence IHC for all patients; C:
HBV infection significantly (aP < 0.001 vs HBV-) induces autophagy in the infected hepatocytes compared to non-infected adjacent cells. The graph shows results of
the event (HBV infection and punctuated LC3β) in at least 50 cells counted in four different microscopic fields of view from each patient’s sample. D: HCV infection
significantly (aP < 0.001 vs HCV-) induces autophagy in the infected hepatocytes compared to non-infected adjacent cells. The graph shows results of the event (HCV
infection and punctuated LC3β) in at least 50 cells counted in four different microscopic fields of view from each patient’s sample.

liver tissue. Normal liver cells, as well as adjacent noninfected cells in the HBV-infected samples, displayed
weak LC3β staining (Figure 3A). However, the majority
of HBV-infected liver cells exhibit strong positive
staining of LC3β (Figure 3B). Evaluation of LC3β protein
expression by IHC using H-score showed a significant (p
< 0.001) cytoplasmic staining of LC3β compared with
the normal liver samples (Figure 3C).
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HBV and HCV infection induces apoptosis in human
liver tissue

Previous reports have shown that caspase-3 cleavage
is one of the most important hallmarks of apoptosis
[6,32,33]
activation in different models
. The results of
immunofluorescence staining showed that both HBV
and HCV infection induce caspase-3 cleavage in
infected hepatocytes (Figure 4A and B). In addition,

13230

December 21, 2015|Volume 21|Issue 47|

Yeganeh B et al . Cell fate in hepatocytes after HBV and HCV infection

A

B

C

200

HBV positive
a

Adjacent tissue

H score

150

100

50

0
HBV positive Adjacent tissue

Figure 3 Comparison of LC3β expression, determined by immunohistochemistry in HBVPos and HBVNeg liver tissue microarrays. immunohistochemistry was
performed as described in Materials and Methods. H-scores were derived from semi-quantitative assessments of both staining intensity (scale 0-3) and the percentage
of positive cells (0%-100%) and, when multiplied, generate a score ranging from 0 to 300. A: Representative image of tissue core from HBVNeg liver showing low
expression of LC3β (H-score of 50); B: HBVPos liver tissue showing higher expression of LC3β (H-score of 150); C: The bar graphs show expression levels (H-score)
of LC3β in HBVPos and HBVNeg liver tissue microarrays. The bars represent the mean ± SEM. ap < 0.001 vs the normal HBVNeg. HBV: hepatitis B virus; HCV: hepatitis
C virus.

caspase-3 cleavage was significantly higher in HBVand HCV-infected cells compared to non-infected
adjacent cells (Figure 4C and D) (P < 0.001).

DISCUSSION

HBV and HCV infection induces UPR in human liver
tissue

UPR induces expression of genes encoding proteins,
[29,34]
such as BIP, to restore ER homeostasis
. Therefore,
higher expression of BIP is the major biochemical
marker of the activation of UPR. Analysis of IHC
staining showed significantly higher expression of BIP
in HBV (Figure 5A and C) and HCV (Figure 5B and
D) infected hepatocytes compared to non-infected
adjacent cells (P < 0.001).

HBV infection induces XBP1 splicing in human liver
tissue

IRE1α is a bifunctional enzyme which possesses kinase
and RNase activity. One of the primary targets of
RNase activity of IRE1α is XBP1, leading to production
[13,34]
of spliced XBP1 (sXBP1) during the UPR
. In our
present investigation, we showed that both HBV and
HCV infection induced XBP1 expression in infected
hepatocytes (Figure 6A and B). Interestingly, HBV
infection significantly induced XBP1 splicing (nuclear
localized XBP1) compared to adjacent non-infected
hepatocytes (Figure 6C) (P < 0.001) while HCV
infection increased XBP splicing which is not statistically
different compared to non-infected adjacent cells
(Figure 6D) (P > 0.05).

Autophagy, apoptosis, and UPR do not correlate with
the stage and the grade of liver disease in HBV and HCV
patients

Our statistical analysis showed that autophagy,
apoptosis, and UPR do not significantly correlate with
the stage and the grade of the liver disease in both
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HBV and HCV patient groups (Tables 1 and 2) (P >
0.05).

In the current study we showed that HBV or HCV
infection can significantly induce apoptosis, autophagy,
and UPR in infected human patient hepatocytes
compared to non-infected adjacent cells. This study
importantly represents real clinical sample evaluation
of these events in the context of authentic HBV and
HCV infection.
HCV infection has a striking tendency towards
chronicity, often of significant liver diseases like chronic
[35]
hepatitis, cirrhosis, and hepatocellular carcinoma .
Apoptosis (programmed cell death) is a cellular
process in which cells systematically kill themselves
through activating intracellular death pathways in
[36]
response to different kinds of stimuli . Although
apoptosis has been observed as a crucial mechanism
[37]
in viral clearance , the exact mechanisms of HCV
pathogenesis have not yet been fully delineated. There
is an accumulating body of evidence that highlights
the significant role of hepatocyte apoptosis regulation
[38]
in HCV pathogenesis
and a variety of apoptotic
pathways were proposed that might be involved in
[39]
this mechanism . The HCV core protein alone can
greatly affect cellular functions. It can either induce or
inhibit the apoptosis process. Apoptosis promotion by
the core protein may be the reason for occurrence of
hepatitis and liver damage and apoptosis inhibition. On
the other hand, core might provide conditions for HCV
[40]
to establish persistent infection .
HBV is also a causative agent of chronic hepatitis
and represents one of the major risk factors for
[41-43]
development of HCC
. The hepatitis B virus X
protein (HBx) has recently garnered much attention
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Figure 4 hepatitis B and C virus infection induces apoptosis in the infected liver tissue. A: Immunofluorescence double-labeling shows co-localization of
hepatitis B virus (HBV) and cleaved caspase-3 in the HBV infected liver tissue; the image is representative of fluorescence immunohistochemistry (IHC) for all
patients; B: Immunofluorescence double-staining shows co-localization of hepatitis C virus (HCV) and cleaved caspase-3 in the HCV infected liver tissue; the image
is representative of fluorescence IHC for all patients; C: HBV infection significantly (aP < 0.001 vs HBV-) induces apoptosis in the infected hepatocytes compared to
non-infected adjacent cells. The graph shows results of the event (HBV infection and cleaved caspase-3) in at least 50 cells counted in four different microscopic
fields from each patient’s sample; D: HCV infection significantly (aP < 0.001 vs HCV-) induces apoptosis in the infected hepatocytes compared to non-infected adjacent
cells. The graph shows results of the event (HCV infection and cleaved caspase-3) in at least 50 cells counted in four different microscopic fields from each patient’s
sample.

regarding its effect on cellular functions, especially
apoptosis during HBV infection. Being the smallest
protein encoded by HBV genome, HBx is expressed
[44,45]
in 70% of patients with HBV-related HCC
,
highly conserved in mammalian hepadnaviruses and
[46]
essential for infection in mammals . HBx has various
[47]
functions that may participate in HBV pathogenesis
and different studies have investigated the role of
HBx in multifaceted aspects of apoptosis process. One
of the main mechanisms of HBx protein during HBV
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infection and that contributes to HCC development
is its influence on apoptosis. Since the pro-apoptotic
[47]
functions of HBx were first described , a wide range
of different studies have evaluated the effect of HBx
expression on apoptotic pathway regulation; however,
results of such studies are variable. According to
studies in multiple cellular contexts, HBx might
[19,20,47-53]
[54-57]
[58]
induce
, inhibit
or have no effect
on
apoptosis.
As previously mentioned, autophagy is often
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Figure 5 hepatitis B and C virus infection induces unfolded protein response in the infected liver tissue. A: Fluorescence immunohistochemistry (IHC)
confirms co-localization of hepatitis B virus (HBV) and BIP (GRP78) expression in the HBV-infected liver tissue; the image is representative of fluorescence IHC
for all patients; B: Fluorescence IHC confirms co-localization of hepatitis C virus (HCV) and BIP (GRP78) expression in the HCV-infected liver tissue; the image is
representative of fluorescence IHC for all patients; C: HBV infection significantly (aP < 0.001 vs HBV-) induces UPR in the infected hepatocytes compared to noninfected adjacent cells. The graph shows results of the event,HBV infection and BIP (GRP78) expression in at least 50 cells counted in four different views of
fluorescence IHC in each patient’s sample; D: HCV infection significantly (aP < 0.001 vs HCV-) induces UPR in the infected hepatocytes compared to non-infected
adjacent cells. The graph shows results of the event (HCV infection and BIP (GRP78) expression) in at least 50 cells counted in four different views of fluorescence
IHC in each patient’s sample. UPR: unfolded protein response.

defined as an evolutionarily conserved process that
catabolizes intracellular components by delivering them
[59-61]
into lysosomes
. It has been shown that some
viruses utilize and induce autophagy in favor of their
[62-64]
own replication and survival using their proteins
.
To contribute to different steps of its life cycle like
replication, translation, assembly, and lipo-viro-particle
release, HCV takes advantage of the autophagic
[65]
process. However, these effects are partially indirect .
Similarly, several studies have been performed
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aimed at clarifying the involvement of autophagy in
[26,66,67]
establishment of chronic HCV infection
and
findings from these studies suggest that autophagy
is involved in HCV infection. A subgenomic replicon,
corresponding to the HCV NS3-NS5B coding region
[68]
of HCV genotype 1b, can trigger autophagy
which
implies autophagy induction via viral nonstructural
proteins. In addition, siRNA‑targeting ATGs, that inhibit
[69]
autophagy, abrogates HCV replication . Moreover,
HCV infection activates various pattern recognition
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Figure 6 hepatitis B virus infection induces XBP splicing in the infected liver tissue while hepatitis C virus infection does not induce XBP splicing. A:
Fluorescence immunohistochemistry (IHC) confirms co-localization of hepatitis B virus (HBV) and spliced XBP (sXBP) (spliced XBP localized in the nucleus) in the
HBV-infected liver tissue; the image is representative of fluorescence IHC for all patients; B: Fluorescence IHC shows that co-localization of hepatitis C virus (HCV)
and spliced XBP (sXBP) (spliced XBP localized in the nucleus) is not a dominant event in the HCV-infected liver tissue; the image is representative of fluorescence
IHC for all patients; C: HBV infection significantly (aP < 0.001 vs HBV-) induces XBP splicing (spliced XBP localized in the nucleus) in the infected hepatocytes
compared to non-infected adjacent cells. The graph shows results of the event [HBV infection and spliced XBP (sXBP) (spliced XBP localized in the nucleus)] in at
least 50 cells counted in four different views of fluorescence IHC in each patient’s sample; D: HCV infection does not significantly (P > 0.05) induce XBP splicing in the
infected hepatocytes compared to non-infected adjacent cells. The graph shows results of the event [HCV infection and spliced XBP (sXBP) (spliced XBP localized in
the nucleus)] in at least 50 cells counted in four different views of fluorescence IHC in each patient’s sample.
[70]

[71]

receptors , being able to trigger autophagy .
Nevertheless, their exact roles in autophagy induction
during HCV infection remains poorly understood.
Some recent studies investigated the interaction
[72,73]
between HBV chronic infection and autophagy
.
Autophagy is involved in different stages of HBV
development and infection; however, its exact impacts
are not fully known. Presumably, autophagy can either
increase the replication of HBV DNA or contribute
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[22,74]

to HBV envelopment
. Results from electron
microscopy, confocal microscopy, and biochemical
assays have demonstrated that HBV can enhance
autophagy during infection in cell cultures and mouse
[72]
liver . There is compelling evidence that HBV acts
on the early step of phagosome formation and that
the degradation rate of autophagic protein is not
increased while HBV triggers the formation of early
[74,75]
phagosomes
. Different HBV proteins are involved
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in the autophagy process. HBx not only is involved in
[19]
apoptosis induction
but also in autophagy process
[73]
in the course of HBV infection . HBV usurps cellular
activities such as autophagy and proliferation in favor
[22]
of virus replication . Nevertheless, the involved
mechanisms for the induction of autophagy and the
step of HBV replication affected by autophagy are not
[72,74]
completely understood and open to interpretation
.
The UPR has recently been identified as a novel
mechanism involved in a wide range of human
[76,77]
diseases including viral infections
. In fact, it has
been revealed that a number of viruses utilize UPR
to help attenuate anti-viral responses and establish
[78-82]
ment of infection
. HCV uses the membranous
compartment of the ER as the biogenesis site for its
[83]
envelope protein and particle assembly . Therefore,
there is general agreement on the induction of ER
stress by HCV infection which can interfere with
the ER function in host cells and upon sensing ER
[18]
stress, cells activate the UPR signaling pathway .
Moreover, there are some well documented data that
HCV induces ER stress and UPR in both in vitro and in
[27,84-86]
vivo experimental models
. Virus-induced UPR
is demonstrated to trigger apoptosis of the infected
hepatocytes and also overwhelming evidence indicates
[68,84,85]
the crucial role of UPR in the HCV replication
and
[27,85-92]
life cycle
. HCV infection apparently activates all
[27,60,84,93]
three UPR sensors
. It was observed in a cell
culture system that HCV-induced UPR plays a positive
role in RNA replication and efficient propagation of HCV
as HCV replication was suppressed when one of three
[68]
UPR pathways was significantly abrogated . A study
[92]
by Zheng et al
showed that HCV NS4B can activate
UPR by induction of XBP1 mRNA splicing and ATF6
cleavage. Our finding shows that there is no significant
difference in XBP splicing between HCV-infected
and non-infected cells which does not correlate with
previous reports that highlighted the role of XBP
splicing in HCV infection in hepatocytes. We assume
that this difference could be the result of the difference
in genetic background of the population study or the
lack of enough samples in our study.
Different studies have shown that HBx protein of
HBV can trigger UPR. Meanwhile, a major drawback
that has prevented us from broadening our in-depth
knowledge in a natural infection system has been the lack
[94]
of a strong and efficient in vitro infectivity model . Cho
[24]
et al
observed that HBx downregulates the cellular
ATP level and mitochondrial membrane potential; then
ATP reduction induces ER stress. In addition, ATF4,
which is a UPR marker, was demonstrated to upregulate COX2 expression. This kind of UPR induction
by HBx might trigger the development of HCC as well
[24]
as liver inflammation . Moreover, HBx and S proteins
both can activate the IRE1/XBP1 branch of the UPR. Li
[23]
et al
demonstrated that the transiently-expressed
HBx protein in Hep3B and HepG2 cells caused a high
increase (up to 7-fold) in XBP1 promoter activity and
also ATF6 cleavage in a dose-dependent manner. This
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mechanism of HBx in inducing UPR was determined as
a potential mechanism, contributing to the replication
[23]
of HBV in liver cells . Similarly, in another study
[74]
conducted by Li et al , they over-expressed the S
protein in Huh7 hepatoma cells and observed the
presence of the XBP1 mRNA (both precursor and
spliced forms) which suggests the ability of S protein
to trigger UPR by the IRE1/XBP1 pathway. XBP1,
as a crucial sensor of UPR pathway, is a key protein
in the growth and differentiation of hepatocytes as
[95]
shown by XBP1 knockout mice . It is supposed that
HBx might act as a kinase activator that increases
the phosphorylation level of the ER stress sensor
IRE1, thereby activating the IRE1-XBP1 pathway. On
the other hand, HBx is able to interact with the bZIP
class of transcription factors and both ATF6 and XBP1
belong to this family so that HBx can activate or co[95]
activate them to enhance trans-activating activities .
Furthermore, HBx might be involved in the expression
and persistence of HBV since the ATF6 pathway
associates with ER chaperone expression and helps the
[91,96]
unfolded proteins to refold
. It should be noted that
studies on the UPR at early stages of HBV infection
have not yet been addressed and this may be due to
[97]
the difficulty in investigating HBV infection .
In conclusion, our studies confirm previous in
vivo and in vitro studies which showed HBV and HCV
infection is associated with the induction of apoptosis,
autophagy, and UPR in hepatocytes. In the present
study, we showed, for the first time, simultaneous
induction of apoptosis, autophagy, and UPR after HBV
or HCV infection in human liver tissue. Our study
highlights the co-incidence of all of these events in the
human liver after natural HBV or HCV infection. As
apoptosis, autophagy, and UPR are linked together via
different regulatory proteins, it will be very important
to address which events (apoptosis, autophagy, or
UPR) are induced first after HBV or HCV induction.
This understanding would be beneficial to design new
strategies to control these pathways after HBV or HCV
infection to ameliorate the process of liver injury after
viral infection. As our study has been done in human
samples, these results have great potential impact in
HBV- and HCV-infection-initiated liver diseases. Further
long term and follow up studies are in process to
highlight the effect of these events in the progression
of liver diseases.
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Dysregulation of apoptosis, autophagy and the unfolded protein response
(UPR) has been implicated in a wide spectrum of human diseases including
viral infection. These pathways are tightly interconnected and their crosstalk is
a key factor for cell-fate determination in response to different stimuli. However,
their interplay during HBV and HCV infection remains unclear. In this study the
authors investigated induction of autophagy, UPR, and apoptosis in HBV- and
HCV-infected human liver tissues to examine the importance of these pathways
in HBV- and HCV-induced liver damage. In addition, these studies will pave the
way for the development and application of therapeutics that modulate these
pathways to affect HBV and HCV replication and the progress of liver damage
in patients.
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Abstract
AIM: To study histidine decarboxylase (HDC) expression
in normal and neoplastic gastric neuroendocrine cells in
relationship to the main histamine metabolite.
METHODS: Control tissues from fundus (n = 3) and
corpus (n = 3) mucosa of six patients undergoing
operations for gastric adenocarcinoma, biopsy and/
or gastric surgical specimens from 64 patients with
primary gastric neuroendocrine tumours (GNETs), as
well as metastases from 22 of these patients, were
investigated using conventional immunohistochemistry
and double immunofluorescence with commercial
antibodies vs vesicular monoamine transporter 2
(VMAT-2), HDC and ghrelin. The urinary excretion of
the main histamine metabolite methylimidazoleacetic
acid (U-MeImAA) was determined using highperformance liquid chromatography in 27 of the 64
patients.
RESULTS: In the gastric mucosa of the control tissues,
co-localization studies identified neuroendocrine
cells that showed immunoreactivity only to VMAT-2
and others with reactivity only to HDC. A third cell
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population co-expressed both antigens. There was
no co-expression of HDC and ghrelin. Similar results
were obtained in the foci of neuroendocrine cell
hyperplasia associated with chronic atrophic gastritis
type A and also in the tumours. The relative incidence
of the three aforementioned markers varied in the
tumours that were examined using conventional
immunohistochemistry. All of these GNETs revealed
both VMAT-2 and HDC immunoreactivity, and their
metastases showed an immunohistochemical pattern
and frequency similar to that of their primary tumours.
In four patients, increased U-MeImAA excretion was
detected, but only two of the patients exhibited related
endocrine symptoms.
CONCLUSION: Human enterochromaffin-like cells
appear to partially co-express VMAT-2 and HDC. Coexpression of VMAT-2 and HDC might be required for
increased histamine production in patients with GNETs.
Key words: Enterochromaffin-like cells; High performance
liquid chromatography; Gastric neuroendocrine tumours;
Histidine decarboxylase; Immunohistochemistry;
Urinary excretion of the main histamine metabolite
methylimidazoleacetic acid; Vesicular monoamine
transporter 2
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It is suggested that only a fraction of vesicular
monoamine transporter 2 (VMAT-2) immunoreactive
neuroendocrine cells in human oxyntic mucosa coexpress histidine decarboxylase (HDC), and vice versa ,
suggesting that the enterochromaffin-like (ECL) cells
may not represent a homogeneous cell population
when examined for HDC immunoreactivity. Coexpression of VMAT-2 and HDC might be important for
giving rise to increased histamine production in patients
with ECL cell neuroendocrine tumours. Furthermore,
an increase of urinary excretion of the main histamine
metabolite methylimidazoleacetic acid was not always
associated with hormonal symptoms. This result could
be attributed to the rate of histamine release. A sudden
rapid release will cause a flush, whereas a slower
release will not.
Tsolakis AV, Grimelius L, Granerus G, Stridsberg M,
Falkmer SE, Janson ET. Histidine decarboxylase and urinary
methylimidazoleacetic acid in gastric neuroendocrine cells and
tumours. World J Gastroenterol 2015; 21(47): 13240-13249
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INTRODUCTION
The enterochromaffin-like (ECL) cell is the most
abundant neuroendocrine cell type of the gastric
oxyntic mucosa and is generally considered to
[1]
produce, store and secrete histamine . This biogenic
amine is formed by enzymatic decarboxylation of
the amino acid histidine by histidine decarboxylase
(HDC) and transported into secretory granules by
proton-histamine counter transport via the vesicular
[2-4]
monoamine transporter subtype 2 (VMAT-2) .
Recent studies have shown that only some ghrelin
immunoreactive (IR) cells in the gastric mucosa
[5,6]
express VMAT-2 . Thus, VMAT-2 does not seem
specific for a homogeneous neuroendocrine cell type.
However, VMAT-2 is suggested to be a specific marker
for ECL cell neuroendocrine tumours (NETs) and is not
[6-12]
expressed in ghrelinomas
.
At present, histamine cannot be detected immuno
histochemically in routine formalin-fixed tissue speci
mens by any commercially available antibody because
[13]
its preservation requires a specific fixation procedure .
Because HDC is the specific enzyme for the production
of histamine, its presence indicates synthesis of this
amine and thus it can be used to visualize histamine[14]
forming cells immunohistochemically .
Two immunohistochemical studies have examined
human ECL cell NETs by means of both VMAT-2 and
[10,15]
HDC antibodies
. In these tumours, some of the
neoplastic parenchymal cells were IR to HDC, whereas
the transporter had a wider distribution.
The production and release of histamine can be
estimated by measuring the urinary excretion of the
main and specific histamine metabolite methylimida
[16]
zoleacetic acid (U-MeImAA) . Patients with various
types of ECL cell NETs occasionally have an increased
[17-21]
excretion of U-MeImAA
. Some of these patients also
[17-20]
suffer from the atypical carcinoid syndrome (ACS)
.
The purpose of this study was to characterize
normal gastric mucosa, foci of neuroendocrine cell
hyperplasia associated with ECL cell NETs, and different
types of gastric NETs with respect to the occurrence
of HDC expression in relation to VMAT-2- and ghrelinIR cells. Furthermore, the immunohistochemical
expression of HDC in gastric NETs was compared to
U-MeImAA levels and clinical symptoms.

MATERIALS AND METHODS
Patients and tumours

Biopsy and/or gastric surgical specimens from 64
patients with primary gastric NETs, and metastases
from 22 of these patients, were included in this study.
Non-neoplastic oxyntic mucosa surrounding the
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Table 1 Summary of clinical and tumour characteristics
Tumour type

n

Type I ECL cell NETs

37
22
12
2
1
3
2
1
10
1
3
2
2
2
1
2
11
4
2
1
1
7
1
4
1
1
64

Type Ⅱ ECL cell NETs

Type Ⅲ ECL cell NETs

Non-ECL cell NET
Ghrelinomas
NECs
Small cell

Large cell

Total number

TNM/stage

Age (yr), median (range)

M:F (ratio)

Tumour size (mm)

Localization

65 (29-80)

13:24

1-50

Fundus, corpus

48 (47-49)

1:2

0.5-25

Fundus, corpus, antrum

62 (23-77)

4:6

7-55

Fundus, Corpus, antrum

71
55 (47-63)
58 (39-77)

0:1
2:0
8:3

20
35-40
30-100

Corpus, antrum
Corpus
Fundus, corpus

T1N0M0/Ⅰ
T2N0M0/Ⅱa
T2N1M0/Ⅲb
T2N1M1/Ⅳ
T1N0M0/I
T2N1M0/Ⅱa
T1N0M0/I
T2N1M0/Ⅲb
T2N0M1/Ⅳ
T2N1M1/Ⅳ
T4N1M1/Ⅳ
T2N1M1/Ⅳ
T2N1M1/Ⅳ

T2N0M0/Ⅱa
T3N1M1/Ⅳ
T4N1M1/Ⅳ
T4N0M0/Ⅲa
T2N1M1/Ⅳ
T3N1M1/Ⅳ
T4N1M1/Ⅳ

TNM/stage according to Rindi et al[23]. ECL cell NETs: Enterochromaffin-like cell neuroendocrine tumours; NECs: Neuroendocrine carcinomas.

tumours was also included with a view to examine
the possible existence of foci of neuroendocrine cell
hyperplasia. Based on clinico-pathological criteria,
the tumours were classified as type Ⅰ (n = 37), type
Ⅱ (n = 3) or type Ⅲ (n = 10) ECL cell NETs, as nonECL cell NET (n = 1), as ghrelinomas (n = 2), and as
[22]
neuroendocrine carcinomas (NECs) (n = 11) . The
latter included four small-cell and seven large-cell type
NECs. The cases of metastases that were examined
included type Ⅰ (n = 3), type Ⅱ (n = 1) and type Ⅲ
(n = 7) ECL cell NETs, ghrelinomas (n = 2), and NECs
(n = 9). The tumours were also classified according to
[23]
the staging system based on TNM (Tables 1 and 2) .
One patient with type Ⅱ ECL cell NET complained of
flushes and another with type Ⅲ developed ACS.

Control tissue specimens

Control tissues were from the fundus (n = 3) and corpus
(n = 3) mucosa of six patients undergoing operations
for gastric adenocarcinoma. All of the specimens
examined originated from macro- and microscopically
normal gastric mucosa. The surgical specimens were
located at least 3 cm from the neoplasm. In the tissue
samples obtained from the gastric NETs, adjacent
non-neoplastic mucosa was also used as an internal
control.

Immunohistochemistry and cell density

All of the tissue samples were conventionally fixed in
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10% buffered neutral formalin and routinely processed
to paraffin wax. Consecutive sections, approx. 4
µm thick, were attached to positively charged glass
®
slides (Superfrost Plus; Menzel Gläser, Braunschweig,
Germany).
The primary antibodies used were rabbit polyclonal
antibodies vs VMAT-2 (AB1767, Chemicon Inter
national, Temecula, CA, United States, 1:400), vs
human ghrelin (H-031-30, Phoenix Pharmaceuticals
Inc., Belmont, CA, United States, 1:4800) and vs
recombinant HDC raised in E. coli (B 260-1, EuroDiagnostica, Malmö, Sweden, diluted 1:5000). The
tissues were immunostained using a polymer-detection
®
system (DakoCytomation, EnVision + System-HRP,
K4010 for primary rabbit) with diaminobenzidine as
the chromogen. Before immunostaining, the sections
were microwave treated for 2 min × 5 min at 750 W,
using Tris buffer saline, pH 8.0, as a retrieval solution.
The density of the IR cells, expressed as the
2
number of IR cells per one mm of mucosal area, was
calculated using a square grid in one of the oculars. In
2
small lesions with a tumour area of < 1 mm , all of the
neoplastic parenchymal cells were examined.

Immunofluorescence co-localization studies

For immunofluorescence staining, the following primary
antibodies were used: polyclonal rabbit anti-HDC (B
260-1, Euro-Diagnostica, Malmö, diluted 1:100 when
the conventional indirect method was used and 1:800
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Table 2 Clinical and tumour characteristics in the subgroup of patients undergoing the U-MeImAA assay
Age/Gender

VMAT-2-IR tumour cells
(primary)

Type Ⅰ ECL cell NETs (n = 15)
47/F
> 90%
52/M
> 90%
55/F
> 90%
61/F
> 90%
62/F
> 90%
64/M
> 90%
65/F
> 90%
72/F
> 90%
74/F
> 90%
78/F
> 90%
79/F
> 90%
80/M
> 90%
54/F
> 90%
71/F
> 90%
65/M
> 90%
Type Ⅱ ECL cell NET (n = 1)
49/F
> 90%
Type Ⅲ ECL cell NETs (n = 6)
44/F
> 90%
60/M
> 90%
60/F
> 90%
77/F
> 90%
72/M
> 90%
62/M
> 90%
Ghrelinoma (n = 1)
47/M
0%
NECs (n = 4)
76/M
0%
69/M
10%
61/F
60%
58/M
0%

HDC-IR tumour cells
(primary)

HDC-IR tumour cells
(metastases)

U-MeImAA
(mmol/mol creatinine)

Diameter
(mm)

TNM/stage

0%
0%
0%D
0%
0%
0%
0%
0%
0%D
0%
0%
0%
1%
1%
3%D

-

1.6
1.6
1.1
1.3
1.4
1.1
2.0
1.1
1.7
1.8
2.4
1.5
1.5
1.8
1.6

2
10
23
2
3
5
25
5
2.2
4
1.5
7
5
15
12

T1m,N0,M0/I
T1m,N0,M0/I
T2,N0,M0/Ⅱa
T1,N0,M0/I
T1m,N0,M0/I
T1m,N0,M0/I
T2,N0,M0/Ⅱa
T1,N0,M0/I
T1m,N0,M0/I
T1m,N0,M0/I
T1m,N0,M0/I
T1m,N0,M0/I
T1m,N0,M0/I
T2,N0,M0/Ⅱa
T2m,N0,M0/Ⅱa

10%D, L

40%

9.01

3

T1m,N0,M0/I

0%
0%
0%
1%
10%
20%

0%
0%
40%
70%
40%

1.6
1.4
2.4
40.8
1.1
18.22

22
11
7
30
11
45

T2,N1,M0/Ⅲb
T2,N1,M0/Ⅲb
T1,N0,M0/I
T2,N0,M1/Ⅳ
T2,N1,M1/Ⅳ
T4,N1,M1/Ⅳ

0%

0%

1.2

40

T2,N1,M1/Ⅳ

0%
0%
15%
60%

0%
0%
15%
60%

1.6
1.8
2.9
1.2

30
100
100
90

T2,N1,M1/Ⅳ
T4,N1,M1/Ⅳ
T4,N1,M1/Ⅳ
T4,N0,M0/Ⅲa

1

Flush; 2Atypical carcinoid syndrome. TNM/Stage according to Rindi et al[23]. Diffuse (D) and Linear (L) pattern of neuroendocrine cell hyperplasia in the
adjacent to the tumour mucosa; -: no metastases; U-MeImAA: Urine Methyl Imidazol Acetic Acid, reference range 0.4-2.4 mmol/mol creatinine; Diameter:
The largest dimension of the tumour is given; m: Multiple tumours; VMAT-2: Vesicular monoamine transporter-2; HDC: Histidine decarboxylase; IR:
Immunoreactive; ECL cell NETs: Enterochromaffin-like cell neuroendocrine tumours; NECs: Neuroendocrine carcinomas.

with the streptavidin), polyclonal goat anti-VMAT-2
®
(C-20, sc-7721, Santa Cruz Biotechnology , Santa
Cruz, CA, 1:200), and polyclonal chicken anti-ghrelin
(a-a 17-28, Y-031-44, Phoenix Pharmaceuticals,
Belmont, CA, 1:800).
The sections were microwave treated as described
above and then incubated overnight with a cocktail
of two primary antibodies at 4 ℃. Before application
of the antibody cocktail, the sections were incubated
with a mixture of non-immune sera from the
animal species producing the secondary antibodies,
diluted 1:10. The following secondary antisera were
used: (1) tetramethyl rhodamine isothiocyanate
(TRITC)-conjugated AffiniPure donkey anti-rabbit
(711-025-152, Jackson ImmunoResearch Laboratories,
1:100) and biotinylated horse anti-goat (BA-9500,
Vector Laboratories, 1:100) for the co-localization
studies of HDC and VMAT-2; and (2) biotinylated goat
anti- rabbit (BA-1000, Vector Laboratories, 1:100)
and fluorescein isothiocyanate (FITC)-conjugated
AffiniPure donkey anti-chicken (703-095-155, Jackson
ImmunoResearch Laboratories, 1:100) for HDC and
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ghrelin. The incubation time for the secondary antisera
was 30 min at room temperature. A further incubation
was performed for 30 min at room temperature with
a streptavidin-conjugated fluorophore. StreptavidinFITC (SA-5001, Vector Laboratories) was used as a
fluorophore for the first combination, and streptavidinTexas Red (SA-5006, Vector Laboratories) was used
for the second combination. Tests for inappropriate
binding of the secondary antisera were performed
[11]
as described previously . TRITC and Texas Red
fluorophores give rise to red fluorescence, and FITC
gives rise to green fluorescence.
The sections were examined using a Zeiss Axioplan2
fluorescence microscope and photographed with an
AxioCam HRm camera employing Axiovision imaging
software and a 63X plan-apochromat objective. In
the co-localization studies, the tissue specimens from
normal fundus (n = 3) and corpus (n = 3) and from
types Ⅰ (n = 5), Ⅱ (n = 1), and Ⅲ (n = 2) ECL cell
NETs, including their respective metastases (one
lymph node metastasis from each type of ECL cell NET,
respectively), were examined.
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A

B

Figure 1 Histidine decarboxylase (A) and vesicular monoamine transporter 2 (B) immunostained type Ⅰ enterochromaffin-like cell neuroendocrine tumour
(consecutive sections). Only a few scattered histidine decarboxylase (HDC)-immunoreactive cells are present in the tumour, whereas virtually all neoplastic cells
display VMAT-2 immunoreactivity. Bars = 50 µm (A, B).

When the gastric fundus (n = 3) and corpus (n = 3)
mucosal specimens were examined, photos were taken
from randomly identified neuroendocrine cells with a
view to investigate a possible co-expression of HDCwith VMAT-2- or ghrelin-IR cells. A total of 1000 cells
were examined, including 750 cells (125 randomly
chosen cells/specimen) that were HDC- and/or VMAT2-IR and 250 cells (approximately 40 cells/specimen)
that were ghrelin-IR.

Control immunostainings

The immunostained controls included omission of
the primary antisera and replacement of the primary
antibody by non-immune serum at the same dilution
as the primary antibody in question and in the same
diluent.

U-MeImAA determination

U-MeImAA was measured in 27 patients with various
types of gastric NETs before obtaining biopsy samples
or operation and before specific treatment (Table 2).
A 24-h urine sample, collected while patients were
on a histamine-restricted diet, was analysed for
[16]
U-MeImAA . All of the patients were instructed to
avoid antihistamine medication and alcohol for at least
24 h prior to admission. U-MeImAA was determined
[24]
using a HPLC assay with UV detection . The reference
range was 0.4-2.4 mmol/mol creatinine.

Approval by an ethics committee

The research protocol was reviewed and approved by
the local research ethics board at Uppsala University
Hospital.

RESULTS
Conventional immunohistochemistry

Multiple foci of neuroendocrine cell hyperplasia were
observed adjacent to types Ⅰ and Ⅱ ECL cell NETs
where VMAT-2-IR cells predominated followed by
ghrelin-IR cells. In these foci, HDC-IR cells were few
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in number, but in occasional foci an inverse result
occurred. The latter type of foci was observed in
14 cases of type Ⅰ and two of type Ⅱ ECL cell NETs
(diffuse, linear and nodular hyperplasia patterns, in
various combinations). Focally, diffuse HDC-IR cell
hyperplasia was detected in the mucosa adjacent to
the non-ECL cell NET. In the latter foci, no VMAT-2 cell
hyperplasia was observed. No signs of neuroendocrine
cell hyperplasia expressing HDC were observed in the
peritumourous mucosa of the type Ⅲ ECL cell NETs,
the ghrelinomas and the NECs.
All the ECL cell NETs were VMAT-2-IR in more
than 80% of the neoplastic parenchymal cells. In
type Ⅰ ECL cell NETs, ghrelin immunoreactivity varied
from negative to the majority of the tumour cells. The
two ghrelinomas examined expressed only ghrelin
and did not display VMAT-2 immunoreactivity. The
non-ECL cell NET examined contained a small fraction
of VMAT-2- (approximately 3%) and ghrelin-IR cells
(approximately 5%). Three of the NECs expressed
VMAT-2 in more than half of the total number of the
neoplastic cells. The remaining NECs were occasionalor non-IR for VMAT-2. None of the NECs examined
expressed ghrelin.
Sixteen of the 37 type Ⅰ ECL cell NETs contained
HDC-IR cells (< 5% in 15 cases, approximately 50%
in one case) (Figure 1). In the cases with metastases,
a similar distribution pattern and frequency of HDC-IR
cells was seen both in the primary tumour and in its
respective metastases.
Two of the three type Ⅱ ECL cell NETs contained
HDC-IR cells in a frequency varying from 1% to 10%.
In the lymph node metastases present in one case,
the relative incidence of HDC-IR cells was greater (up
to 40%).
Four of the ten type Ⅲ ECL cell NETs contained
HDC-IR cells with a relative incidence between 1% and
30%. Their metastases usually expressed HDC more
abundantly than in the primary tumours.
The non-ECL cell NET and the two ghrelinomas did
not contain HDC-IR cells.
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A

VMAT-2

HDC

Merge

VMAT-2

HDC

Merge

HDC

Merge

B

C

T

D

VMAT-2

Figure 2  Co-localization studies. A: Normal human oxyntic mucosa double-immunostained for vesicular monoamine transporter 2 (VMAT-2) (green) and histidine
decarboxylase (HDC) (red). Co-localization (yellow) depicts that VMAT-2 and HDC are co-expressed in the same neuroendocrine cell, whereas the remaining
immunoreactive (IR) cells in the gastric glands do not display co-expression; B: Oxyntic mucosa adjacent to a type Ⅰ enterochromaffin-like (ECL) cell neuroendocrine
tumour (NET) double immunostained for VMAT-2 (green) and HDC (red). In one focus of neuroendocrine cell hyperplasia identified by VMAT-2 (linear pattern), only a
fraction of cells co-express HDC (yellow), whereas another is non-IR for the enzyme; C: Oxyntic mucosa adjacent to a type Ⅰ ECL cell NET double immunostained for
VMAT-2 (green) and HDC (red). The HDC-IR cells display a linear pattern of neuroendocrine cell hyperplasia and do not co-express the transporter protein. In the foci
of nodular cell hyperplasia identified by VMAT-2, no cell is HDC-IR. Adjacent tumour cells (T) reveal only VMAT-2 immunoreactivity; D: A malignant type Ⅲ ECL cell
NET accompanied by increased U-MeImAA excretion was double-immunostained for VMAT-2 (green) and HDC (red). Co-localization (yellow) shows that the tumour
cells that are HDC-IR co-express the transporter protein. VMAT-2-IR cells slightly outnumber the HDC-IR cells. Bars = 30 µm (A, C, D); 20 µm (B).
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Three NECs contained HDC-IR tumour cells in
approximately 15%, 20% and 60% of the neoplastic
cell population. The first two above mentioned
NECs revealed VMAT-2 immunoreactivity in approx.
60% of the tumour cells, whereas the latter case
lacked such cells. Their metastases revealed an
immunohistochemical pattern and frequency similar to
that of the primary tumours.

Co-localization studies

By using double immunofluorescence techniques, three
patterns of immunoreactivity could be identified in
the glands of the normal mucosa examined: (1) cells
expressing only VMAT-2 (335/750 IR cells identified,
approximately 45%); (2) only HDC (144/750 IR cells,
approximately 19%); and (3) cells co-expressing both
proteins (271/750 IR cells, approximately 36%) (Figure
2A). Ghrelin cells (n = 250) did not express HDC in the
normal oxyntic mucosa.
In the foci of neuroendocrine cell hyperplasia in
types Ⅰ and Ⅱ ECL cell NETs, VMAT-2-IR cells were
predominant, but only a few of them co-expressed
HDC (Figure 2B). In occasional foci of neuroendocrine
cell hyperplasia, the HDC-IR cells were predominant,
whereas VMAT-2-IR cells were few or absent (Figure
2C). In types Ⅰ, Ⅱ and Ⅲ ECL cell NETs, most HDCIR cells co-expressed VMAT-2 and occasional cells
expressed only HDC (Figure 2D). However, the
majority of the tumour cells were only VMAT-2-IR.
The same finding was observed in the metastases
of the type Ⅲ ECL cell NETs examined. None of the
neoplastic cells in types Ⅰ, Ⅱ and Ⅲ ECL cell NETs or
in the foci of neuroendocrine cell hyperplasia in the
former two types of ECL cell NETs that showed ghrelin
immunoreactivity were HDC-IR.

Control immunostainings

Immunoreactivity was not observed when the primary
antibodies were omitted or replaced by non-immune
serum. In double immunostaining, the omission of
one of the primary antibodies, or its replacement by
non-immune serum, gave an immunostaining pattern
corresponding to that obtained with the remaining
primary antibody. When both antibodies were omitted
or replaced by the respective non-immune sera, the
tissues were non-IR.

U-MeImAA excretion and clinical symptoms in relation
to HDC and VMAT-2 immunoreactivity

Four of 27 patients in whom U-MeImAA was determined
had an increased excretion of the histamine metabolite
(results summarized in Table 2). None of the patients
with type Ⅰ ECL cell NETs had increased U-MeImAA or
clinical symptoms that might be related to increased
histamine production, irrespective of the presence of
HDC-IR tumour cells.
The U-MeImAA excretion was increased moderately
in one patient with metastatic disease of type Ⅱ ECL
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cell NET expressing VMAT-2 in virtually all neoplastic
cells and HDC in 10% in the primary tumour and 40%
in the respective lymph node metastasis. The patient
suffered occasionally from flushes.
Two patients diagnosed with metastatic type Ⅲ ECL
cell NETs had increased and high levels of U-MeImAA.
One of these patients developed ACS (the tumour cells
were HDC-IR in 20% and 40% of the primary tumour
and omentum metastasis, respectively), whereas the
other patient did not report clinical symptoms related
to increased histamine production (the primary tumour
contained few HDC-IR cells, but the liver metastasis
showed 40% HDC immunoreactivity). By contrast, one
other patient with type Ⅲ ECL cell NET, who had liver
metastases and skin metastasis expressing HDC and
VMAT-2, had U-MeImAA within the reference range.
One of the four investigated patients with NEC
had a slightly elevated level of U-MeImAA without
any clinical symptoms related to ACS (HDC immuno
reactivity of approximately 15% of the neoplastic
cells in both the primary tumour and the lymph node
metastasis examined). The NEC patient with numerous
HDC-IR cells in the primary tumour and in the adrenal
metastasis (60%) had normal levels of the histamine
metabolite in the urine. The tumour cells of that
patient were non-IR for VMAT-2.

DISCUSSION
Human oxyntic mucosa contains four major types
of neuroendocrine cells (ECL, ghrelin, serotonin
and somatostatin cells), which have been described
[25]
morphologically and functionally . ECL cells are the
most abundant type, and they produce histamine. The
histamine-synthesizing ability of ECL cells is based
on cytosolic HDC. Histamine might be transported
by VMAT-2 into the secretory vesicles. The ghrelinproducing cells are the second most frequent cell
[5]
type and have been reported to express VMAT-2 .
However, these results differ from findings presented
in a study where only approximately 2% of the
[11]
ghrelin cell population expressed VMAT-2 . This
disparity may be due to the differing techniques
used to compare the two cell types. Our results were
based on double immunofluorescence stainings,
which enable visualization of a large number of cells,
whereas the other results were achieved by means of
immunoelectron microscopy and using immunostaining
consecutive sections with the respective antibodies.
The current study showed that approximately onethird of the VMAT-2-IR cells in normal human gastric
mucosa co-express HDC. Additionally, numerous HDCIR cells in the oxyntic mucosa were non-IR for VMAT-2,
implying that HDC is expressed in only a fraction of
VMAT-2-IR cells. Thus, we show that there is by no
means a complete co-existence between histamine
expression visualized by HDC immunoreactivity and
VMAT-2. In animal models it has been shown that a
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disappearance of HDC-IR cells occurs after 24 h of
[26]
food deprivation . Although our specimens were
obtained during the operation from patients fasting
overnight, it is less likely that the disparity between
VMAT-2- and HDC-IR cells can be entirely attributed to
down regulation of HDC because of food deprivation.
Although VMAT-2 is well characterized, it cannot be
excluded that other proteins or forms of VMAT-2 exist
that were not identified by the chosen antibody. As
previously reported for the fundus, ghrelin did not co[27]
localize with HDC in the corpus mucosa .
In the foci of neuroendocrine cell hyperplasia,
two different patterns appeared: a more common
one identified primarily by VMAT-2 immunoreactivity
and a less common one with predominantly HDCIR cells. According to our co-localization studies in
the former foci, only a few cells co-expressed HDC,
whereas in the latter foci an inverse result occurred.
It is well established that hypergastrinaemia causes
ECL cell hyperplasia, which can transform into ECL
[28,29]
cell NETs
. Biochemical studies have shown that
the total mucosa content of HDC increases in patients
[30]
with chronic atrophic gastritis type A . However,
remains unclear whether this increase in concentration
depends on a higher frequency of HDC expressing cells
or on an increase in HDC content in individual cells or
both. It was expected that the increase in VMAT-2IR cells would be accompanied by a similar increase
in HDC-IR cells. However, only occasional foci with
HDC-IR cell hyperplasia were identified in the atrophic
mucosa. The HDC antibody used is well characterized,
but we cannot exclude that HDC may undergo posttranslational modifications and exist in forms not
[10]
identified by the present antibody .
In agreement with previous studies, our results
showed that all types of ECL cell NETs, as well their
respective metastases, can express HDC-IR tumour
[10,15]
cells in varying relative incidences
. Furthermore,
according to our co-localization findings, occasional
neoplastic cells displaying HDC immunoreactivity
were non-IR for VMAT-2. This may be due to tumour
de-differentiation or, more plausibly, because these
neoplastic cells are derived from the HDC-IR cells that
do not express VMAT-2.
Four of the 27 patients in whom U-MeImAA
was determined had increased urinary excretion
of this histamine metabolite. All of these patients
had metastatic tumours that showed both HDC and
VMAT-2 immunoreactivity. In other studies, it has
been reported that even type Ⅰ ECL cell NETs may be
[19,21]
accompanied by increased U-MeImAA levels
. Our
results indicate that only disseminated disease can
give rise to increased U-MeImAA excretion, although
disseminated disease does not invariably lead to
increased U-MeImAA levels. It is likely that the tumour
load, often high in type Ⅲ ECL cell NETs, is decisive;
however, the tumour load also has to be accompanied
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most likely by both HDC and VMAT-2 expression, as
HDC expression alone does not invariably predict
increased U-MeImAA excretion. Other factors involved
in the production, transport and/or secretion of
histamine that were not examined in the present study
may also play an important role.
Furthermore, no apparent relationship was found
between increased U-MeImAA excretion and the
clinical symptoms of the respective patients. This could
probably be attributed to the rate of histamine release.
A sudden rapid release will cause a flush whereas a
slower release will not. Additionally, an efficient local
inactivation of histamine before it reaches the systemic
circulation might explain the absence of symptoms
even when large amounts of histamine are being
released.
In conclusion, only a fraction of the VMAT-2-IR
neuroendocrine cells in human oxyntic mucosa coexpress HDC, and vice versa, suggesting that the ECL
cells may not represent a homogeneous cell population
when examined for HDC immunoreactivity. Coexpression of VMAT-2 and HDC might be substantial
for giving rise to increased histamine production in
patients with ECL cell NETs. Furthermore, an increase
in U-MeImAA excretion is not always associated with
hormonal symptoms.
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Terminology

ECL cells use the enzyme HDC to produce histamine, which is transported by
VMAT-2 from the cytoplasm into the secretory vesicles. The production and
release of histamine can be estimated by measurement of the urinary excretion
of the main and specific histamine metabolite U-MeImAA.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the Third
Affiliated Hospital of Sun Yat-Sen University, Guangzhou, China.

AIM: To determine the potential protective role of
adiponectin in intestinal ischemia reperfusion (I/R)
injury.

Institutional animal care and use committee statement:
All procedures involving animals were reviewed and approved
by the Institutional Animal Care and Use Committee of the
Third Affiliated Hospital of Sun Yat-Sen University, Guangzhou,
China. The animal protocol was designed to minimize pain or
discomfort to the animals.

METHODS: A rat model of intestinal I/R injury was
established. The serum level of adiponectin in rats
with intestinal I/R injury was determined by enzymelinked immunosorbent assay (ELISA). The serum levels
of interleukin (IL)-1β, IL-6, and tumor necrosis factor
(TNF)-α were also measured by ELISA. Apoptosis
of intestinal cells was detected using the terminal
deoxynucleotidyl transferase dUTP nick end labeling
assay. The production of malondialdehyde (MDA) and
superoxide dismutase (SOD) and villous injury scores
were also measured.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: Adiponectin was downregulated in the
serum of rats with intestinal I/R injury compared with
sham rats. No significant changes in the expression
of adiponectin receptor 1 and adiponectin receptor 2
were found between sham and I/R rats. Pre-treatment
with recombinant adiponectin attenuated intestinal I/R
injury. The production of pro-inflammatory cytokines,
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including IL-6, IL-1β, and TNF-α, in rats with intestinal
I/R injury was reduced by adiponectin pre-treatment.
The production of MDA was inhibited, and the release
of SOD was restored by adiponectin pre-treatment in
rats with intestinal I/R injury. Adiponectin pre-treatment
also inhibited cell apoptosis in these rats. Treatment
with the AMP-activated protein kinase (AMPK) signaling
pathway inhibitor, compound C, or the heme oxygenase
1 (HO-1) inhibitor, Snpp, attenuated the protective
effects of adiponectin against intestinal I/R injury.
CONCLUSION: Adiponectin exhibits protective effects
against intestinal I/R injury, which may involve the
AMPK/HO-1 pathway.
Key words: Adiponectin; Ischemia reperfusion injury;
Intestine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Serum adiponectin was downregulated in the
rat model of intestinal ischemia reperfusion (I/R) injury,
and adiponectin pre-treatment attenuated intestinal
I/R injury in rats. While the underlying mechanism of
adiponectin-induced protection against intestinal I/R
injury is not fully understood, the results of the present
study suggest that the AMP-activated protein kinase
(AMPK)/heme oxygenase 1 (HO-1) signaling pathway
may be involved in this process. Therefore, adiponectin
and components of the AMPK/HO-1 signaling pathway
may be promising targets in the treatment of intestinal
I/R injury.
Liu XH, Yang YW, Dai HT, Cai SW, Chen RH, Ye ZQ.
Protective role of adiponectin in a rat model of intestinal
ischemia reperfusion injury. World J Gastroenterol 2015;
21(47): 13250-13258 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13250.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13250

INTRODUCTION
Intestinal ischemia reperfusion injury (I/R), a critical
complication in patients with trauma and after liver
and intestinal transplantation, is associated with high
[1-3]
morbidity and mortality . Interruption of the blood
supply may cause tissue damage. However, restoration
of blood flow does not relieve tissue damage but leads
[4]
to additional injury . Previous studies have shown
that oxidative stress, the inflammatory response, and
cell apoptosis are involved in I/R injury, which leads
to multiple organ dysfunction syndrome (MODS) and
[5-9]
acute respiratory distress syndrome
. Extensive
research has been conducted to develop effective
treatments for I/R injury that regulate oxidative stress
and the inflammatory reaction.
Adiponectin, also referred to as gelatin-binding
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protein-28 (GBP28), ACRP30, AdipoQ, or apM1, is a
hormone secreted mainly by adipocytes. As a serum
protein similar to C1q, adiponectin is exclusively
produced in adipocytes. Adiponectin exerts its function
primarily via two membrane receptors, adiponectin
receptor-1 and -2 (AdipoR1/2), which interact with
AMP-activated protein kinase (AMPK) and peroxisome
[10]
proliferator-activated receptor (PPAR) . In addition,
previous studies have reported that adiponectin
exhibited anti-inflammatory and anti-apoptosis effects
[11-13]
and regulated the metabolism of glucose and lipid
.
Interestingly, a number of studies have also reported
the role of adiponectin in protection against I/R injury
[14-17]
in myocardial, cerebral, liver, and renal tissues
.
However, the effects of adiponectin in intestinal I/R
have not been confirmed. The present study aimed
to investigate the potential role of adiponectin in
protecting against intestinal I/R injury based on a rat
model of I/R injury.

MATERIALS AND METHODS
Preparation of recombinant adiponectin

Rat adiponectin was cloned into the pET30 vector
(Novagen, Darmstadt, Germany) as described
[18]
previously . The DNA constructs were then transfected
into competent Escherichia coli BL21 (DE3) (Takara,
Shiga, Japan). Isopropyl-1-thio-b-D-galactopyranoside
was used to induce the expression of His-tagged
adiponectin at 37  ℃. Recombinant His-tagged fusion
protein was isolated from the cytoplasm and purified
using a His Bind resin column (Novagen).

Establishment of a rat model of intestinal I/R injury

All animal experiments were approved by the Medical
Ethics Committee of the Third Affiliated Hospital, Sun
Yat-Sen University, Guangzhou, China. Female Wistar
rats were randomly grouped and underwent surgery to
induce intestinal I/R injury. There were five rats in each
group weighing 180-230 g. The rats were deprived of
food and received only water 12 h prior to laparotomy.
The rats were anesthetized by intraperitoneal injection
of ketamine (50 mg/kg) and xylazine (5 mg/kg). A
midline laparotomy was performed, as previously
[19]
described, before equilibration for 30 min . The
superior mesenteric artery was identified and isolated,
and an atraumatic microvascular clamp (Roboz
Surgical Instruments, Rockville, MD, United States)
delivering 85 g of pressure was used to block blood
flow in the mesenteric artery in rats in the intestinal
I/R injury group. Intestinal ischemia was identified
by the pale color of the intestine. After intestinal
ischemia for 45 min, the clamp was removed to allow
reperfusion for different time periods. When the color
of the intestine returned to pink, the intestine was
assumed to be reperfused. At the end of reperfusion,
an approximately 10 cm segment of the small intestine
10 cm from the appendix was harvested for followup experiments. As a control, the sham group (sham)
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was subjected to the same surgical intervention but
without superior mesenteric artery occlusion. The
body temperature of the animals was maintained
throughout the surgical procedure using a watercirculating heating pad.
Rats in the adiponectin pre-treatment group (IR +
adiponectin) received a tail vein injection of recombinant
adiponectin at different concentrations (0.25, 0.5, or 1
mg/kg) 30 min before the establishment of intestinal I/R,
as mentioned above.
To determine the possible pathway involved in the
protective effects of adiponectin, the IR + adiponectin
(1 mg/kg) group received an intraperitoneal injection
of 20 mg/kg compound C (Millipore, Cambridge, MA,
United States) or 50 μmol/kg Snpp (Sigma, St. Louis,
MO, United States).

Enzyme-linked immunosorbent assay

Serum adiponectin level in rats was determined using
a rat enzyme-linked immunosorbent assay (ELISA) kit
(R&D Corp., Minneapolis, MN, United States) according
[18]
to the protocol described previously . Sections of the
small intestine were homogenized and the supernatant
was collected by centrifugation to measure the levels
of cytokines, including interleukin (IL)-1β, IL-6, and
tumor necrosis factor (TNF)-α, in intestine tissues.
The levels of IL-1β, IL-6, and TNF-α in intestine tissues
were determined using a commercial ELISA kit (USCN,
[20]
Wuhan, China) .

Malondialdehyde and superoxide dismutase
determinations

Small intestine tissues were homogenized in 1.5% cold
KCl solution at a ratio of 1:10 (weight:volume). The
lipid peroxide level in the supernatant was measured
[21]
according to the method described previously .
Absorbance of the reaction was measured at 532 nm
(Shimadzu UV-1700, Kyoto, Japan). The lipid peroxide
level was expressed as nmol of malondialdehyde (MDA)
per mg of tissue protein. Superoxide dismutase (SOD)
activity was evaluated using a commercially available
kit (Cayman Chemical, Ann Arbor, MI, United States)
according to the protocol described in a previous
[22]
report . SOD activity was expressed as unit (U) per
mg protein. One U of SOD activity was defined as the
amount of enzyme needed to inhibit 50% dismutation
of the superoxide radical.

Western blot analysis

The small intestine tissues were homogenized and
lysed in radio immunoprecipitation assay buffer [50
mmol/L Tris·HCl, pH 7.4, 150 mmol/L NaCl, 1% NP-40,
0.5% sodium deoxycholate, and 0.1% sodium dodecyl
sulfate (SDS)] incorporated with phenylmethylsulfonyl
fluoride (Forevergen, Guangzhou, China). Isolated total
proteins were separated by 10% SDS-polyacrylamide
gel electrophoresis and transferred to polyvinylidene
fluoride membranes. The membranes were then

WJG|www.wjgnet.com

incubated with primary antibodies and then horseradish
peroxidase-conjugated secondary antibodies (Santa
Cruz, Dallas, TX, United States). Bands were visualized
using an enhanced chemiluminescence kit (Pierce,
Rockford, IL, United States). The following antibodies
were used in Western blot analysis: anti-caspase 3,
anti-AMPK, anti-pAMPK, anti-heme oxygenase 1 (HO-1),
anti-GAPDH antibodies (Cell Signaling, Beverley, MA,
United States), anti-Adipo 1 (Abcam Inc., Cambridge,
United Kingdom) and anti-Adipo 2 (Abcam Inc.).

Terminal deoxynucleotidyl transferase dUTP nick end
labeling assay

Terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL)-positive cells in the sections
of jejunum which had undergone ischemia for 45
min and reperfusion for 3 h were detected by TUNEL
assay using a Cell Death Detection kit (Roche Applied
Science) according to the manufacturer’s instructions.

Tissue damage evaluation

Intestinal mucosal lesions were graded as described
[21]
previously . Briefly, grade 0 was defined as normal
mucosal villi. Grade 1 was defined as the development
of subepithelial Gruenhagen’s space, usually at the
apex of the villous, often with capillary congestion.
Grade 2 was described as extension of the subepithelial
space with moderate lifting of the epithelial layer from
the lamina propria. Grade 3 was defined as massive
epithelial lifting with a few denuded villi. Grade 4
was defined as denuded villi with exposed dilated
capillaries, and Grade 5 was defined as digestion and
disintegration of the lamina propria, hemorrhage, and
ulceration.

Statistical analysis

The data obtained from independent experiments
were expressed as mean ± SD. Differences among
groups were analyzed by analysis of variance followed
by the least significant difference method to determine
statistical significance. A P value < 0.05 was defined
as statistically significant.

RESULTS
Reduced serum adiponectin in rats with intestinal I/R

The serum levels of adiponectin in rats in the sham
group and the intestinal I/R group were determined
and compared by ELISA. A gradual decrease over time
(1, 2, 3, 6, and 12 h after reperfusion) was observed
in the serum level of adiponectin in the I/R rats
compared with that in the sham group (Figure 1A).
The lowest level of serum adiponectin was detected
3 h after reperfusion. At 12 h after reperfusion,
the serum adiponectin level partially recovered. No
significant decrease in the expression of AdipoR1 and
AdipoR2 was detected in the intestinal tissues of rats
with intestinal I/R based on western blot analysis
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Figure 1 Adiponectin levels in rats in the sham and ischemia reperfusion injury groups. A: ELISA was used to determine the adiponectin serum levels in the sham
and ischemia reperfusion (I/R) injury rats. Data are presented as mean ± SD obtained from five independent experiments; B: Western blot analysis of the expression of
adiponectin receptor 1 and adiponectin receptor 2 in the small intestine of rats with I/R injury; C: Hematoxylin-eosin staining of the small intestine at different time points
after I/R injury; D: Villous injury scores of C. Necrosis was the major damage after intestinal I/R. N: Colon tissue in normal control rat. aP < 0.05 vs sham.

(Figure 1B). The evaluation of intestinal mucosal
lesions showed significantly increased villous injury
scores in rats with I/R injury (1, 2, 3, 6, and 12 h after
reperfusion) compared with that in the sham group
(Figure 1C and D).

Over-expression of adiponectin attenuated intestinal I/R
injury

To investigate the effects of adiponectin on the
production of pro-inflammatory cytokines, the rats
were pre-treated with recombinant adiponectin 30 min
before laparotomy. The rats were randomly divided
into three subgroups, which were pre-treated with
adiponectin at different concentrations (0.25, 0.5, and
1 mg/kg). Sham and I/R rats were used as controls.
To assess the inflammatory response to I/R injury, the
serum levels of IL-6, IL-1β, and TNF-α were measured
by ELISA. As shown in Figure 2A, the serum levels of
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IL-6, IL-1β, and TNF-α in the rats with I/R injury were
significantly higher than those in the sham group. In
addition, pre-treatment with recombinant adiponectin
significantly reduced the serum levels of IL-6, IL-1β,
and TNF-α in a dose-dependent manner.
Consistent with the ELISA results, the level of MDA
and villous injury scores in the I/R injury group were
significantly higher than those in the sham group.
Pre-treatment with recombinant adiponectin partially
restored the level of MDA and villous injury scores. In
addition, the SOD level was reduced in the I/R injury
group and showed a decrease in the group pre-treated
with adiponectin.
TUNEL staining was performed to investigate the
effects of adiponectin on apoptosis in intestinal tissues
undergoing I/R injury. As shown in Figure 2B, marked
cell apoptosis was observed in intestinal tissues in the
I/R injury group, but almost no apoptosis was found in
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the sham group. In addition, intestinal cell apoptosis
in the I/R injury group was reduced by pre-treatment
with adiponectin. The rats that received pre-treatment
with recombinant adiponectin followed by intestinal
I/R injury showed a statistically significant decrease
in TUNEL-positive cells in intestinal tissues compared
to rats with intestinal I/R injury without pre-treatment
with recombinant adiponectin. The protective effect
of adiponectin against apoptosis of intestinal cells in
rats with intestinal I/R injury was dose-dependent
(Figure 2B). Taken together, these results suggest that
adiponectin was protective against intestinal I/R injury
by inhibiting the apoptosis of intestinal cells and the
production of pro-inflammatory cytokines.

AMPK/HO-1 is involved in the protective role of
adiponectin in intestinal ischemia reperfusion

AMPK, AKT, and signal transducer and activator of
transcription-3 have been reported to be associated
[23,24]
with adiponectin-mediated effects
. To determine
the potential underlying mechanism responsible for
the reduction in intestinal I/R injury, the expression
levels of AMP, p-AMPK, and HO-1 were determined
by western blot. As shown in Figure 3A, no significant
difference in phosphorylated AMPK (p-AMPK)
expression was observed between the sham and
I/R groups. However, following adiponectin pretreatment, AMPK was active and the level of p-AMPK
was increased. No significant change in total AMPK
level was found among the groups. Furthermore, the
increased level of p-AMPK was partially abrogated by
compound C, an AMPK inhibitor. Similar results were
also found for the expression of HO-1, which was
suggested to be activated by adiponectin in renal I/R
[25]
injury . Rats administered adiponectin following I/R
injury showed a higher level of HO-1 than the I/R
group (Figure 3A), which was partially reversed in
the compound C treatment group, indicating that the
protective role of adiponectin in I/R may be via the
AMPK/HO-1 pathway.
In addition, to confirm that the anti-apoptotic role
of adiponectin is associated with the AMPK signaling
pathway, the expression of cleaved caspase 3 was
determined. As shown in Figure 3B, significant
upregulation of cleaved caspase-3 was observed
in the I/R rats compared with the sham rats. The
upregulation induced by I/R was diminished by pretreatment with adiponectin, compound C, and the
HO-1 inhibitor (Snpp). Among these groups, the
adiponectin group showed the lowest cleaved caspase
3 level.
Finally, as shown in Figure 3C, adiponectinmediated I/R injury protection was partially abolished
by compound C and Snpp. Increased levels of IL-6, IL1β, and TNF-α, increased production of MDA and SOD,
and a higher villous injury score were seen in the IR
+ adiponectin + compound C and IR + adiponectin
+ Snpp groups compared with the IR + adiponectin
group. These findings confirmed the involvement
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of the AMPK/HO-1 pathway in the protective role of
adiponectin in intestinal I/R injury.

DISCUSSION
Previous studies have demonstrated that adiponectin
[14-17]
plays an important role in preventing I/R injury
.
However, whether adiponectin functions in the
prevention of intestinal I/R injury is unknown. In the
present study, we provide evidence that adiponectin is
protective against intestinal I/R injury in rats.
IL-6, IL-1β, and TNF-α are important proinflammatory cytokines and are regarded as molecular
[26]
markers of inflammatory responses in human cells .
In the present study, increased serum levels of IL-6, IL1β, and TNF-α were observed in rats with intestinal I/R
injury. Interestingly, adiponectin reduced the serum
levels of IL-6, IL-1β, and TNF-α in rats with I/R injury,
indicating that adiponectin has anti-inflammatory
effects in intestinal I/R injury.
The production of free radicals and oxidants
are dramatically increased during ischemia and
[7,9,27]
reperfusion
. Increased levels of oxidative stress
markers such as MDA (an indicator of lipid per
oxidation and free radical-induced cellular damage)
were observed in I/R injury, accompanied by reduced
scavenging ability against oxidative injury, such as low
[3,8]
activity of SOD . Consistent with previous studies,
increased MDA production and reduced activity of SOD
were observed in the rat model of intestinal I/R injury.
Reduced MDA and increased SOD levels were found in
rats with I/R injury that received pre-treatment with
adiponectin. These results suggest that adiponectin
pre-treatment inhibited oxidant generation, main
taining a higher level of antioxidant activity in rats
with I/R injury than in rats without adiponectin pretreatment.
Intestinal villi have been reported to be susceptible
[3]
to I/R injury and are involved in cellular necrosis .
In the present study, we found that adiponectin pretreatment attenuated villi damage in the rat model
of I/R injury, indicating the therapeutic application
of adiponectin in intestinal I/R injury. However, the
underlying mechanisms should be investigated further.
AMPK plays an important role in mediating the
production of adenosine triphosphate and fatty
[28]
acid oxidation . In addition, it has been reported
that adiponectin activated AMPK signaling in cat
[29]
cardiomyocytes in vitro
and protected against heart
[16]
I/R injury in mice via an AMPK-dependent pathway .
Based on previous studies, we hypothesized that
adiponectin may also protect against intestinal I/R
injury through the AMPK signaling pathway. In the
present study, an increased level of phosphorylated
AMPK was detected in rats with I/R injury that received
adiponectin pre-treatment compared to the sham
group, which supports our hypothesis.
HO-1, also known as heat shock protein 32, is
a stress inducible protein involved in the protection
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[30]

against cellular injury . Previous studies have
shown that adiponectin upregulated HO-1 expression
and exerted beneficial effects in the protection of
[25,31]
renal I/R injury
. It has also been reported that
increased HO-1 expression by adiponectin played an
[32]
anti-apoptotic role in iron-induced liver injury . The
present study showed that the expression of HO-1
was increased in rats with intestinal I/R injury and
adiponectin pre-treatment. These results support the
involvement of HO-1 in cellular injury protection. In
addition, a previous study suggested that the anti-
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apoptotic effect of AMPK mediated by HO-1 may
provide an important adaptive response to preserve
[33]
endothelial cell viability during metabolic stress .
Here, we found that the expression of p-AMPK and
HO-1 was inhibited by compound C, suggesting that
the AMPK-HO-1 signaling pathway was involved in the
protective effects of adiponectin against intestinal I/R
injury.
AdipoR is involved in various biological effects
of adiponectin, and is closely related to obesity,
[34]
diabetes, and cardiovascular disease . In different
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tissues, the expression levels and the regulating
factors of AdipoR are different. Adiponectin receptor
expression is elevated in colorectal carcinoma but not
[35]
in gastrointestinal stromal tumors . The expression
of placental adiponectin is increased during pregnancy
in the rat, while Adipo R2 shows the opposite pattern.
In this study, protein levels of Adipo R1 and Adipo R2
in the I/R and I/R + adiponectin groups did not change
significantly, while p-AMPK and HO-1 increased in the
I/R + adiponectin group compared to the I/R group
[36]
which are consistent with the results of Chen et al
[25]
and Cheng et al . However, it is unclear whether it
is Adipo R1, AdipoR 2, or their combination that have
an effect on the protein level of p-AMPK and HO-1.
Perhaps the function of AdipoR is not dependent on the
protein level in intestinal I/R injury. In the future, we
intend to conduct experiments to understand further
this mechanism.
In summary, we showed that serum adiponectin
was downregulated in the rat model of intestinal I/R
injury, and adiponectin pre-treatment attenuated
intestinal I/R injury in rats. While the underlying
mechanism of adiponectin in protection against
intestinal I/R injury is not fully understood, the present
results suggest that the AMPK/HO-1 signaling pathway
may be involved in this process. Therefore, adiponectin
and components of the AMPK/HO-1 signaling pathway
may be promising targets in the treatment of intestinal
I/R injury.
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Abstract
AIM: to evaluate the epithelial-to-mesenchymal
transition (EMT) of circulating tumor cells (CTCs) in
gastric cancer patients.
METHODS: We detected tumor cells for expression
+
of four epithelial (E ) transcripts (keratins 8, 18,
and 19 and epithelial cell adhesion molecule) and
+
two mesenchymal (M ) transcripts (Vimentin and
Twist) by a quantifiable, dual-colorimetric RNA-in situ
hybridization assay. Between July 2014 and October
2014, 44 patients with gastric cancer were recruited
for CTC evaluation. Blood samples were obtained from
selected patients during the treatment course [before
th
surgery, after surgery and at the 6 cycle of XELOX
based chemotherapy (about 6 mo postoperatively)].
RESULTS: We found the EMT phenomenon in which
+
+
there were a few biphenotypic E /M cells in primary
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human gastric cancer specimens. Of the 44 patients,
the presence of CTCs was reported in 35 (79.5%)
patients at baseline. Five types of cells including
+
from exclusively E CTCs to intermediate CTCs and
+
exclusively M CTCs were identified (4 patients with
+
+
+
+
M CTCs and 10 patients with M or M > E CTCs).
Further, a chemotherapy patient having progressive
disease showed a proportional increase of mesenchymal
CTCs in the post-treatment blood specimens. We used
NCI-N87 cells to analyze the linearity and sensitivity of
TM
2
CanPatrol system and the correlation coefficient (R )
was 0.999.
CONCLUSION: The findings suggest that the EMT
phenomenon was both in a few cells of primary tumors
and abundantly in CTCs from the blood of gastric
cancer patients, which might be used to monitor
therapy response.
Key words: gastric cancer; Epithelial-to-mesenchymal
transition; circulating tumor cells; Chemotherapy;
Therapy response
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Epithelial-to-mesenchymal transition has
been thought to play a critical role in tumor meta
static progression in preclinical models, however,
characterizing the epithelial vs mesenchymal phe
notypes of circulating tumor cells has been challenging.
In this study, we aimed to evaluate epithelial-tomesenchymal transition phenomenon in circulating
gastric tumor cells by a combination of physical
and biological methods. Our findings have provided
evidence of the phenomenon both in rare cells within
primary tumors and more abundantly in circulating
tumor cells. Furthermore, we demonstrated that the
evaluation of the mesenchymal circulating tumor cells
in peripheral blood can be used to monitor therapy
response in gastric cancer patients.
Li TT, Liu H, Li FP, Hu YF, Mou TY, Lin T, Yu J, Zheng L,
Li GX. Evaluation of epithelial-mesenchymal transitioned
circulating tumor cells in patients with resectable gastric cancer:
Relevance to therapy response. World J Gastroenterol 2015;
21(47): 13259-13267 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13259.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13259

INTRODUCTION
Gastric cancer is a serious public health concern
in East Asia, South America and Eastern Europe,
accounting for more than 950000 new cases per
year (China alone accounts for 42% of new cases
worldwide), and it is the third cause of cancer death all
[1]
around the world (GLOBOCAN 2012) . Because mass
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screening is rarely practiced worldwide except Japan
and Korea, gastric cancer is often diagnosed at an
advanced stage. Like common cancers, most gastric
[2]
cancer-related deaths result from metastasis , which
is rarely predictable by standard imaging work-ups like
positron emission tomography/computed tomography
scans or tumor markers tests. Circulating tumor
cells (CTCs) originating from solid tumors are related
with the course of hematogenous metastatic spread
[3]
to the distant sites , exemplifying the switch from
localized to systemic disease. Therefore, evaluating
CTCs has clinical relevance in the monitoring and
the outcomes of metastatic tumors. The recent
discoveries on CTCs demonstrate how these cells
are related with hematogenous metastasis, with an
opinion on the epithelial-mesenchymal transition (EMT)
[4]
[5]
phenomenon . The investigation by Yu et al found
dynamic changes in the number of epithelial and
mesenchymal CTCs in breast cancer patients as well
as the potential of monitoring therapy response.
It was thought that EMT phenomenon played
a critical role in tumor metastatic progression in
[6,7]
preclinical models , however, characterizing the
epithelial vs mesenchymal phenotypes of CTCs has
been challenging. Increasing evidence coming from
clinical setting of CTCs supports the phenomenon
of the EMT in human tumors. Accordingly, we are
exploring the methods to identify the unique stem
[7]
CTC subpopulation , and its significance is further
emphasized by recent findings suggesting the
occurrence of mesenchymal markers in tumor tissues
[5,8,9]
as a poor prognostic factor in many cancers
.
Furthermore, sequential analysis of CTCs, so called
“liquid biopsy”, may provide clinical significance on the
effectiveness and progression of systemic therapies
and consequently would facilitate “tailor-made”
[10,11]
therapeutic strategies
.
To date, the CellSearch System is the only FDAcleared CTC enumeration assay, which defines a
CTC according to its size, positivity for epithelial cell
adhesion molecule (EpCAM) and CK, and negativity of
[12]
CD45 expression . The current techniques besides
the CellSearch System are able to isolate CTCs by
epithelial markers, however, these epithelial markers
based methods most likely overlook a subpopulation
[13,14]
of CTCs undergoing EMT
. Thus, the new CTC
capture systems should be essential to isolate the cell
subpopulation with mesenchymal phenotype. To our
knowledge, there have been few reports regarding
the detecting methods and clinical significance of
mesenchymal CTCs in cancer patients, specifically
gastric cancer.
In the present study, we adopted two mesenchymal
transcripts, Vimentin and Twist, to detect mesenchymal
phenotypes of CTCs and tumor tissues in advanced
gastric cancer, which have been reported as sensitive
[12]
markers to detect them . Accordingly, the EMT
phenomenon of CTCs in advanced gastric cancer and
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its relationship with chemotherapy response were
evaluated as well.

MATERIALS AND METHODS
Gastric cancer cell line

We used the NCI-N87 cell line for the analysis.
NCI-N87 cells were cultured in DMEM medium
supplemented with 10% fetal bovine serum, 100
U/mL of penicillin and 100 μg/mL of streptomycin at
37  ℃ in a humidified atmosphere containing 5% CO2.

Patients and study design

Between July 2014 and October 2014, 44 patients
with newly diagnosed gastric cancer in our institution,
without receiving neoadjuvant chemo- or radiotherapy,
were prospectively enrolled in the study. The blood
samples from our selected patients were acquired
during the treatment course [before surgery, after
th
surgery and at the 6 cycle of XELOX based che
[15]
motherapy (about 6 mo postoperatively) ] and
TM
analyzed with CanPatrol System (Surexam Biotech,
[16]
Guangzhou, China) . The blood samples from ten
healthy volunteers were used as controls.

Isolation and enumeration of CTCs (CanPatrolTM system)

For the gastric cancer patients, 5 ml peripheral blood
samples were collected in EDTA tubes by venipuncture
and filtered with a 8-μm diameter pores calibrated
[16]
membrane (Millipore, Billerica, MA, United States) .
The required filtration system included a filtration tube
containing the membrane (SurExam, Guangzhou,
China), a manifold vacuum plate with valve settings
(SurExam, Guangzhou, China), an E-Z 96 vacuum
manifold (Omega, Norcross, GA, United States), and
a vacuum pump (Auto Science, Tianjin, China). Before
filtration, red blood cell lysis buffer was used to remove
erythrocyte, then PBS with 4% formaldehyde (Sigma,
St. Louis, MO, United States) was used to resuspend
the remaining cells for 5 min. The pumping pressure is
0.08 MPa.
We established three groups of nucleic acid
probes to identify and examine the expression levels
of epithelial and mesenchymal genes in CTCs by a
multiplex RNA-in situ hybridization (RNA-ISH) assay.
Group 1 probes contained four pooled epithelial
transcripts [keratins (KRT) 8, 18 and 19; EpCAM].
Group 2 probes had two mesenchymal transcripts
(Vimentin and Twist). The last group only contained a
CD45 transcript which was used to discriminate white
blood cells and CTCs. The detail hybridization assay
[16]
procedure followed the published literature . Briefly,
the cells retained on the filter were permeabilized
and digested with protease. And then, the cells were
subjected to a serial of hybridization reactions with a
cocktail probe specific to the intended examined genes
described above. Finally, we used 4’,6-diamidino2-phenylindole (DAPI) to stain the cell nucleus.
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The samples were analyzed with a fluorescent
microscope. The red and green dots of fluorescent
signal observed in the cells represented the epithelial
and mesenchymal gene expression, respectively. The
purple fluorescent dots represented the CD45 gene
expression (the markers of white blood cells). The
assays were applied in both selected primary human
gastric cancer specimens and all blood specimens.

Statistical analysis

Data are presented as median and range (or mean
± SD) for continuous variables or as frequencies
and proportions for categorical variables. MannWhitney U test and the Kruskal-Wallis H test were
used to analyze the relationship between CTC count at
baseline and tumor stage. The relationship between
CTC count and the molecular classification of primary
tumor according to Her2 status was examined using
Spearman’s rank correlation coefficient. All statistical
calculations were performed with SPSS for Windows
release 18.0. A P value < 0.05 was considered sta
tistically significant.

RESULTS
Patient characteristics

Totally 44 patients with gastric cancer (median age
56 years, range 25-87 years) were enrolled in this
study. These patients consisted of 6 (13.6%) patients
with gastric signet-ring cell carcinoma (SRCC) and
38 (86.4%) patients with gastric adenocarcinoma. Of
these, 11 patients (7 men and 4 women) had early
gastric cancer diagnosed pathologically as American
Joint Committee on Cancer stage IA and IB. All 37
patients underwent laparoscopic gastrectomy with
D2 lymphadenectomy; the remaining 7 patients with
unresectable tumors were treated by laparoscopic
exploration or palliative surgery. Thirty-six patients
had no detectable overt metastasis (stage M0),
and 5 patients presented with existing synchronous
metastases in peritoneal carcinosis (Table 1). CTCs
were detected in 35 (79.5%) patients from the
gastric cancer group and the average count was 7.25
CTCs. No CTCs were detected in all of the samples
from healthy volunteers (Figure 1). With regard to
clinicopathological features, 11 (37.1%) patients had
lymphatic emboli and elevated Her2 levels (+++ or
++) were detected in 9 (22%) gastric cancer patients.

Detection of EMT markers in primary tumors and
draining lymph nodes

We first applied the RNA-ISH assays to primary human
gastric cancer specimens. There were a small number
+
+
+
of biphenotypic E /M cells among the majority of E
cancer cells with clear epithelial histology of primary
+
tumors (Figure 2A). However, we only found E cancer
cells in draining lymph nodes (Figure 2B).
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Table 1 Characteristics of gastric cancer patients n (%)
CanPatrol
All

40

P value

56 (25-87)

No. of CTCs

Median age, yr (range)
Gender
Male
Female
Post-TNM stage
Tumor
T1
T2
T3
T4
Node
N0
N+
Metastasis
M0
M1
Site of metastases
Peritoneal carcinosis
Histology
Adenocarcinoma
Signet-ring cell carcinoma
Lymphatic emboli
No
Yes
Her2
+++
++
+
0

Positive, n /total

0.780
31
13

25/31 (80.6)
10/13 (76.9)

11
4
5
21

9/11 (81.2)
3/4 (75)
4/5 (80)
19/21 (90.5)

0.799

17/22 (77.3)
18/19 (94.7)

36
5

30/36 (83.3)
5/5 (100)

5

5/5 (100)

38
6

31/38 (81.6)
4/6 (66.7)

21
11

17/21 (81)
10/11 (90.9)

2
7
12
20

2/2 (100)
7/7 (100)
11/12 (91.7)
15/20 (75)

0
Gastric Cancer Group
(n = 44)

0.400

0.461

0.303

T1: Tumor invades lamina propria or submucosa; T2: Tumor invades
muscularis propria or subserosa; T3: Tumor penetrates serosa (visceral
peritoneum) without invasion of adjacent structures; T4: Tumor invades
adjacent structures; N0: No regional lymph node metastasis; N+: Lymph
node metastasis; M0: No distant metastasis; M1: Distant metastasis.

Correlation of CTC detection with clinico-histopathologic
risk factors
We also analyzed blood samples from 44 gastric
cancer patients. Using the RNA-ISH assays, we defined
five types of cells including from exclusively epithelial
+
+
+
+
+
+
(E ) CTCs to intermediate (E > M , E = M , M >
+
+
E ) CTCs and exclusively mesenchymal (M ) CTCs
from blood samples (Figure 3A). Of 35 patients, four
+
+
patients with M CTCs and ten patients with M or M >
E CTCs were observed. CTCs had been captured in 35
(79.5%) patients, with EMT features varying according
to histological subtype (SRCC and adenocarcinoma)
+
and molecular classification (Her2 and Her2 ) (Figure
3B). Among them, nine (25.7%) patients were detected
+
with Her2 gastric cancer, and 26 (74.3%) patients
with Her2 gastric cancer. The CTCs from patients with
both SRCC and adenocarcinoma were predominantly
mesenchymal phenotypes. Furthermore, we compared
+
the CTC counts from patients with Her2 vs Her2 in
primary tumors but observed no statistically significant
+
+
correlations with the number of E /M cells.

To test the possibility of the ratio of mesenchymal
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Healthy volunteer
(n = 10)

Figure 1 Circulating tumor cells were detected in 35 (79.5%) patients from
gastric cancer group. The average number of circulating tumor cells (CTCs)
was 7.25 in the group. CTCs were not observed in any samples from healthy
volunteers.

0.115

EMT of CTCs and therapeutic response

20

10

0.710
22
19

30

(M) to epithelial (E) content serving as an indicator
of therapeutic response, we combined both the CTC
counts and mesenchymal features of CTCs (Figure 4).
Sequential blood samples were obtained from four
patients undergoing adjuvant chemotherapy (XELOX
regimen, capecitabine plus oxaliplatin). Three patients
showed a decrease in CTC counts and/or a proportional
decrease in mesenchymal feature in post-treatment
samples at the 6th cycle adjuvant chemotherapy,
compared with those in the post-surgery samples
(Figure 4A-C). In contrast, one patient who had
progressive disease evaluated by a CT scan showed an
increased number or proportion of mesenchymal CTCs
in the post-treatment specimen (Figure 4D).

Sensitivity of the CanPatrolTM system

We used NCI-N87 cells to analyze the sensitivity and
TM
linearity of the CanPatrol system. We spiked 10, 50,
100 and 200 NCI-N87 cells into 5 ml of blood to get
the recovery of the cells (Figure 5). The correlation
2
coefficient (R ) was 0.999.

DISCUSSION
Because of the minimally invasive feature of obtaining
sequential blood specimens from cancer patients
as well as potential clinical implications of the CTCs,
seeking for methods to isolate and analyze CTCs for
diagnosis, prognosis evaluation, and monitoring of
[17]
cancer patients has been highlighted in recent years .
There are several underlying benefits for successful
CTCs/circulating tumor DNA-based diagnostics, due
to the ability to obtain sequential blood samples from
[18]
cancer patients throughout the treatment course .
That is, characterizing CTCs may potentially provide
clinicians with: (1) biomarkers predictive of therapy
[19,20]
resistance
; (2) an independent biomarker
[3,21-23]
of prognosis
; and (3) an indicator for early
[24]
relapse , as well as materials for the evaluation of
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A

E/M/DAPI
Tumor

B

E/DAPI
Lymph node

Figure 2 RNA-in situ hybridization analysis of epithelial-to-mesenchymal transition markers in human gastric tumors. The probes were constructed as
described in the method section. Representative RNA-in situ hybridization analysis of pooled epithelial (E) (red dots, arrowheads) and mesenchymal (M) (green dots,
arrows) markers in (A) primary tumor and (B) tumor-infiltrated lymph node of a patient with gastric cancer. Scale bars: (A) to (B), 20 mm; inserts, 10 mm.
[17,25,26]

therapy resistance
. Currently, CTC enumerations
have been widely admitted as an independent
prognostic biomarker for a few tumors, however, their
tentative roles as predictive biomarkers that may
influence treatment decisions have been highly elusive
and challenging to carry out, partially attributing to the
extreme exiguity of CTCs in the peripheral circulation.

CTC enumeration

CellSearch System was used in the majority of
published studies, which depends on epithelial
tumor cell expression of KRT 8, 18, and 19 and
EpCAM, presence of an intact nucleus (DAPI), and
absence of the leukocyte marker CD45. However,
because of the heterogeneity of CTCs, most current
platforms overlooked mesenchymal-like CTCs, on
which mesenchymal markers, such as Vimentin and
[4]
N-cadherin, are upregulated . Like a recent published
[5]
report , a novel technology with a combination of
epithelial and mesenchymal markers was used in
our study, resulting in an increase of ten percent
(4 patients with mesenchymal CTCs) in gastric CTC
enumeration as well as identifying 10 more patients
+
+
with intermediate phenotypes (biphenotypic E /M
cells). The approaches of CTC isolation or enrichment
can be mainly categorized into two groups: physical
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[14]

methods and biological methods . Perhaps using
more than one technique, limited isolation may be
improved by the inclusion of physical method-based
isolation of CTCs, which may help to specifically target
CTCs. Besides the biological method (immunological
antibody-based capture of CTCs), we simultaneously
used a filtration-based approach (a physical method,
[16]
an 8 µm filtration tube in the present study) for CTC
isolation, further increasing sensitivity and specificity.

Mesenchymal CTC detection and the EMT phenomenon

The vital technical challenge for CTC research comes
from the rarity of tumor cells in blood. Most CTC
technologies rely on the expression of epithelial
markers (EpCAM-positive and keratins-positive cells)
by tumor cells for their capture. But considerable
disparity exists between the numbers of “epithelial”
CTCs detected in different cancer types, perhaps
because of a subpopulation of CTCs undergoing EMT,
[27]
linked to their stemness . Studies aiming to research
the EMT phenomenon of CTCs have revealed high
expression levels of mesenchymal markers such as
[28]
AKT2, TWIST, PIK3α, N-cadherin and Vimentin .
Mesenchymal CTCs were correlated with cancer
prognosis and therapy resistance in several cancer
[5,9,29]
types
. While there exist few studies on the EMT
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A

Patient-derived CTCs
E

E>M

E=M

E<M

M

E/M/DAPI

B

SRCC

Adenocarcinoma
Her2

-

Her2

+

100

Percentage of CTCs (%)

80
E
M<E

60

M=E
M>E
M

40

20

0
Patient ID 1
CTC

4

7
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8 7 17 14 6 2 9 6 5 14 46 3 19 2 10 13 2 7 15 3 13 2 12 5 4 6 3 6 2 17 5 2 3 29 2

Figure 3 RNA-in situ hybridization analysis of epithelial-to-mesenchymal transition markers in circulating tumor cells from patients with gastric cancer. A:
Representative images of five types of CTCs isolated from patients with gastric cancer, based on RNA-ISH staining of E (red dots) and M (green dots) markers. Scale
bar, 5 μm; B: Quantitation of EMT features in CTCs based on E and M RNA-ISH staining of histological subtypes of gastric cancer (SRCC and Adenocarcinoma),
along with molecular classification of primary tumors (Her2- and Her2+). CTC numbers per 10 ml of blood are listed below. RNA-ISH: RNA-in situ hybridization; CTCs:
Circulating tumor cells; E: epithelial; M: mesenchymal; EMT: epithelial-to-mesenchymal transition; DAPI: 4’,6-diamidino-2-phenylindole.

phenomenon in CTCs specifically in gastric cancer, it
is currently a distinct research focus. In the present
study, we attempted at detecting and characterizing
the EMT phenomenon in CTCs and gastric tumor
tissues in clinical settings by using mesenchymal CTC
markers (Vimentin and Twist). We found that human
primary gastric tumor tissues contain scarce tumor
cells that express epithelial and mesenchymal markers,
but not in lymph node metastasis. In addition, the
presence of CTCs bearing a mesenchymal phenotype
has also been detected in the present study, which
highlights the heterogeneity present in the circulating
gastric tumor cells. Although there was an obvious
increase in the number of mesenchymal CTCs in latestage gastric cancer (data now shown), these data
did not show a statistically significant difference in
our analysis, which might be due to the relative small
sample size. A large scale trial with higher statistic
power is warranted.

Mesenchymal CTCs and monitoring chemotherapy

CTCs may be the promise of serving as “liquid biopsies”
for tumors with the potential for providing information
predictive of response and chemotherapy resistance.
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Several reports have demonstrated the ratio of
epithelial to mesenchymal markers on CTCs can be
used to monitor the likeliness of therapy response. Yu
[5]
and colleagues found a subpopulation of CTCs with a
mixed epithelial-mesenchymal phenotype at baseline
and the mesenchymal phenotype was observed at
stages of disease progression (suppressed at stages of
treatment response), further implicating mesenchymal
CTCs in the metastatic progression. Additionally,
[9]
Satelli et al suggested that CTC enumeration from a
combination of EpCAM and Vimentin-based methods
appeared to be a strong and reliable predictor for
therapeutic outcomes in metastatic breast cancer
with chemotherapy. Likewise, we compared CTC
features in serial blood samples from four patients
who underwent D2 gastrectomy (pre-operative, postoperative and post-adjuvant chemotherapy). One
case who had progressive disease after 6 cycles of
XELOX regimen showed the phenotypic changes in
post-adjuvant chemotherapy specimen, compared
with pre-treatment, showing an increased numbers of
mesenchymal CTCs (Twist and Vimentin upregulated).
The remaining three cases who responded to
therapy showed a decrease in CTC counts and/or a
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Figure 4 Longitudinal monitoring of epithelial-to-mesenchymal transition features in circulating tumor cells from a patient with resectable gastric cancer
following surgery and adjuvant chemotherapy. CTC: circulating tumor cell; E: epithelial; M: mesenchymal.
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proportional decrease in mesenchymal CTCs. Notably,
one case who underwent curable resection surgery
showed an increased number of mesenchymal CTCs in
post-operative samples compared with pre-operative
one, suggesting that surgical operation may play a
critical role in the detachment of primary tumor cells
[30]
to the peripheral circulation . Therefore, adjuvant
therapy should be highlighted to reduce the risk of
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A caveat has to be noted for the present study as well
as all other studies which do not confirm the tumor
cell identity by genomic markers. Because markers
for mesenchymal-like CTCs are mostly not tumor[31]
specific . Furthermore, small sample size is another
drawback when evaluating therapy response through
obtaining sequential blood specimens.
In conclusion, our findings have provided evidence
of the EMT phenomenon in human gastric cancer
specimens, both in rare cells within primary tumors
and more abundantly in CTCs by a combination of
physical and biological methods. Furthermore, we
demonstrated that the evaluation of the mesenchymal
CTCs in peripheral blood can be used to monitor
therapy response in gastric cancer patients. Clinical
relevance of mesenchymal CTCs as a potential
biomarker of therapeutic resistance and as a potential
drug target in gastric cancer warrants further
investigation.

ACKNOWLEDGMENTS
The authors would like to thank Surexam Biotech,

13265

December 21, 2015|Volume 21|Issue 47|

Li TT et al . EMT of CTCs in gastric cancer
Guangzhou, China for the technical support.

5

COMMENTS
COMMENTS
Background

Like common cancers, most gastric cancer-related deaths result from
metastasis, which is rarely predictable by standard imaging work-ups like
positron emission tomography/computed tomography scans or tumor marker
tests. Circulating tumor cells (CTCs) originating from solid tumors are
related with the course of hematogenous metastatic spread to the distant
sites, exemplifying the switch from localized to systemic disease. Therefore,
evaluating CTCs has clinical relevance in the monitoring and the outcomes of
metastatic tumors.

Research frontiers

The recent discoveries on CTCs demonstrate how these cells are involved
in hematogenous metastasis, with a focus on the epithelial-mesenchymal
transition (EMT). The investigation by Yu and colleagues found that dynamic
changes in the number of epithelial and mesenchymal CTCs in breast cancer
patients as well as the potential of monitoring therapy response.

6
7
8

9

Innovations and breakthroughs

So far, there have been few reports regarding the detecting methods and
clinical significance of mesenchymal CTCs in cancer patients, specifically
gastric cancer. This is the first study evaluating the mesenchymal CTCs in
peripheral blood and therapy response in gastric cancer patients.

10

Applications

The EMT phenomenon in human gastric cancer specimens was found
both in rare cells within primary tumors and more abundantly in CTCs by a
combination of physical and biological methods. Furthermore, the evaluation
of the mesenchymal CTCs in peripheral blood can be used to monitor therapy
response in gastric cancer patients. Mesenchymal CTCs maybe is a potential
biomarker of therapeutic resistance or a potential drug target in gastric cancer.

11

Terminology

13

CTCs in peripheral circulation originating from solid tumors are involved in the
process of hematogenous metastatic spreading to distant sites, exemplifying
the switch from localized to systemic disease. Mesenchymal-to-epithelial
transition (MET) is a crucial physiologic event that converts mesenchymal cells
to epithelial cells. There is increasing evidence suggesting that MET maybe
also regulate epithelial carcinogenesis.

12

14

Peer-review

15

REFERENCES

16

the paper is a good contribution in investigating the role of mesenchymalto-epithelial transition in circulating tumor cells of gastric cancer. The issue is
not new but every new contribution confirming the feasibility and efficacy of a
possible new marker is welcome.

1

2
3

4

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D, Bray F. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN
2012. Int J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI:
10.1002/ijc.29210]
Nguyen DX, Bos PD, Massagué J. Metastasis: from dissemination
to organ-specific colonization. Nat Rev Cancer 2009; 9: 274-284
[PMID: 19308067 DOI: 10.1038/nrc2622]
Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller
MC, Reuben JM, Doyle GV, Allard WJ, Terstappen LW, Hayes
DF. Circulating tumor cells, disease progression, and survival in
metastatic breast cancer. N Engl J Med 2004; 351: 781-791 [PMID:
15317891 DOI: 10.1056/NEJMoa040766]
Krebs MG, Metcalf RL, Carter L, Brady G, Blackhall FH, Dive
C. Molecular analysis of circulating tumour cells-biology and
biomarkers. Nat Rev Clin Oncol 2014; 11: 129-144 [PMID:

WJG|www.wjgnet.com

17

18
19

20

13266

24445517 DOI: 10.1038/nrclinonc.2013.253]
Yu M, Bardia A, Wittner BS, Stott SL, Smas ME, Ting DT, Isakoff
SJ, Ciciliano JC, Wells MN, Shah AM, Concannon KF, Donaldson
MC, Sequist LV, Brachtel E, Sgroi D, Baselga J, Ramaswamy S,
Toner M, Haber DA, Maheswaran S. Circulating breast tumor
cells exhibit dynamic changes in epithelial and mesenchymal
composition. Science 2013; 339: 580-584 [PMID: 23372014 DOI:
10.1126/science.1228522]
Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelialmesenchymal transitions in development and disease. Cell 2009;
139: 871-890 [PMID: 19945376 DOI: 10.1016/j.cell.2009.11.007]
Kang Y, Pantel K. Tumor cell dissemination: emerging biological
insights from animal models and cancer patients. Cancer Cell 2013;
23: 573-581 [PMID: 23680145 DOI: 10.1016/j.ccr.2013.04.017]
Okabe H, Ishimoto T, Mima K, Nakagawa S, Hayashi H, Kuroki
H, Imai K, Nitta H, Saito S, Hashimoto D, Chikamoto A, Ishiko
T, Watanabe M, Nagano O, Beppu T, Saya H, Baba H. CD44s
signals the acquisition of the mesenchymal phenotype required for
anchorage-independent cell survival in hepatocellular carcinoma.
Br J Cancer 2014; 110: 958-966 [PMID: 24300972 DOI: 10.1038/
bjc.2013.759]
Satelli A, Brownlee Z, Mitra A, Meng QH, Li S. Circulating tumor
cell enumeration with a combination of epithelial cell adhesion
molecule- and cell-surface vimentin-based methods for monitoring
breast cancer therapeutic response. Clin Chem 2015; 61: 259-266
[PMID: 25336717 DOI: 10.1373/clinchem.2014.228122]
Tsujiura M, Ichikawa D, Konishi H, Komatsu S, Shiozaki A,
Otsuji E. Liquid biopsy of gastric cancer patients: circulating tumor
cells and cell-free nucleic acids. World J Gastroenterol 2014; 20:
3265-3286 [PMID: 24696609 DOI: 10.3748/wjg.v20.i12.3265]
Alix-Panabières C, Pantel K. Circulating tumor cells: liquid
biopsy of cancer. Clin Chem 2013; 59: 110-118 [PMID: 23014601
DOI: 10.1373/clinchem.2012.194258]
Esmaeilsabzali H, Beischlag TV, Cox ME, Parameswaran
AM, Park EJ. Detection and isolation of circulating tumor cells:
principles and methods. Biotechnol Adv 2013; 31: 1063-1084
[PMID: 23999357 DOI: 10.1016/j.biotechadv.2013.08.016]
Friedlander TW, Premasekharan G, Paris PL. Looking back, to
the future of circulating tumor cells. Pharmacol Ther 2014; 142:
271-280 [PMID: 24362084 DOI: 10.1016/j.pharmthera.2013.12.01
1]
Harouaka R, Kang Z, Zheng SY, Cao L. Circulating tumor cells:
advances in isolation and analysis, and challenges for clinical
applications. Pharmacol Ther 2014; 141: 209-221 [PMID:
24134902 DOI: 10.1016/j.pharmthera.2013.10.004]
Noh SH, Park SR, Yang HK, Chung HC, Chung IJ, Kim SW,
Kim HH, Choi JH, Kim HK, Yu W, Lee JI, Shin DB, Ji J, Chen
JS, Lim Y, Ha S, Bang YJ. Adjuvant capecitabine plus oxaliplatin
for gastric cancer after D2 gastrectomy (CLASSIC): 5-year
follow-up of an open-label, randomised phase 3 trial. Lancet
Oncol 2014; 15: 1389-1396 [PMID: 25439693 DOI: 10.1016/
S1470-2045(14)70473-5]
Wu S, Liu Z, Liu S, Lin L, Yang W, Xu J. Enrichment and
enumeration of circulating tumor cells by efficient depletion of
leukocyte fractions. Clin Chem Lab Med 2014; 52: 243-251 [PMID:
24021598 DOI: 10.1515/cclm-2013-0558]
Pavese JM, Bergan RC. Circulating tumor cells exhibit a
biologically aggressive cancer phenotype accompanied by selective
resistance to chemotherapy. Cancer Lett 2014; 352: 179-186
[PMID: 25016063 DOI: 10.1016/j.canlet.2012.06.012]
Heitzer E, Ulz P, Geigl JB. Circulating tumor DNA as a liquid
biopsy for cancer. Clin Chem 2015; 61: 112-123 [PMID: 25388429
DOI: 10.1373/clinchem.2014.222679]
Maheswaran S, Sequist LV, Nagrath S, Ulkus L, Brannigan
B, Collura CV, Inserra E, Diederichs S, Iafrate AJ, Bell DW,
Digumarthy S, Muzikansky A, Irimia D, Settleman J, Tompkins
RG, Lynch TJ, Toner M, Haber DA. Detection of mutations in
EGFR in circulating lung-cancer cells. N Engl J Med 2008; 359:
366-377 [PMID: 18596266 DOI: 10.1056/NEJMoa0800668]
Miyamoto DT, Lee RJ, Stott SL, Ting DT, Wittner BS, Ulman M,

December 21, 2015|Volume 21|Issue 47|

Li TT et al . EMT of CTCs in gastric cancer

21

22

23

24

25

Smas ME, Lord JB, Brannigan BW, Trautwein J, Bander NH, Wu
CL, Sequist LV, Smith MR, Ramaswamy S, Toner M, Maheswaran
S, Haber DA. Androgen receptor signaling in circulating tumor
cells as a marker of hormonally responsive prostate cancer.
Cancer Discov 2012; 2: 995-1003 [PMID: 23093251 DOI:
10.1158/2159-8290.CD-12-0222]
Hayes DF, Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Miller
MC, Matera J, Allard WJ, Doyle GV, Terstappen LW. Circulating
tumor cells at each follow-up time point during therapy of
metastatic breast cancer patients predict progression-free and
overall survival. Clin Cancer Res 2006; 12: 4218-4224 [PMID:
16857794 DOI: 10.1158/1078-0432.CCR-05-2821]
de Bono JS, Scher HI, Montgomery RB, Parker C, Miller MC,
Tissing H, Doyle GV, Terstappen LW, Pienta KJ, Raghavan D.
Circulating tumor cells predict survival benefit from treatment in
metastatic castration-resistant prostate cancer. Clin Cancer Res
2008; 14: 6302-6309 [PMID: 18829513 DOI: 10.1158/1078-0432.
CCR-08-0872]
Muinelo-Romay L, Vieito M, Abalo A, Nocelo MA, Barón F,
Anido U, Brozos E, Vázquez F, Aguín S, Abal M, López RL.
Evaluation of Circulating Tumor Cells and Related Events as
Prognostic Factors and Surrogate Biomarkers in Advanced NSCLC
Patients Receiving First-Line Systemic Treatment. Cancers (Basel)
2014; 6: 153-165 [PMID: 24452143 DOI: 10.3390/cancers6010153]
Pachmann K, Camara O, Kavallaris A, Krauspe S, Malarski N,
Gajda M, Kroll T, Jörke C, Hammer U, Altendorf-Hofmann A,
Rabenstein C, Pachmann U, Runnebaum I, Höffken K. Monitoring
the response of circulating epithelial tumor cells to adjuvant
chemotherapy in breast cancer allows detection of patients at
risk of early relapse. J Clin Oncol 2008; 26: 1208-1215 [PMID:
18323545 DOI: 10.1200/JCO.2007.13.6523]
Scher HI, Jia X, de Bono JS, Fleisher M, Pienta KJ, Raghavan
D, Heller G. Circulating tumour cells as prognostic markers in
progressive, castration-resistant prostate cancer: a reanalysis of

26

27

28

29

30

31

IMMC38 trial data. Lancet Oncol 2009; 10: 233-239 [PMID:
19213602 DOI: 10.1016/S1470-2045(08)70340-1]
Friedlander TW, Ngo VT, Dong H, Premasekharan G, Weinberg
V, Doty S, Zhao Q, Gilbert EG, Ryan CJ, Chen WT, Paris PL.
Detection and characterization of invasive circulating tumor cells
derived from men with metastatic castration-resistant prostate
cancer. Int J Cancer 2014; 134: 2284-2293 [PMID: 24166007
DOI: 10.1002/ijc.28561]
Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY,
Brooks M, Reinhard F, Zhang CC, Shipitsin M, Campbell LL,
Polyak K, Brisken C, Yang J, Weinberg RA. The epithelialmesenchymal transition generates cells with properties of stem
cells. Cell 2008; 133: 704-715 [PMID: 18485877 DOI: 10.1016/
j.cell.2008.03.027]
Satelli A, Mitra A, Brownlee Z, Xia X, Bellister S, Overman MJ,
Kopetz S, Ellis LM, Meng QH, Li S. Epithelial-mesenchymal
transitioned circulating tumor cells capture for detecting tumor
progression. Clin Cancer Res 2015; 21: 899-906 [PMID: 25516888
DOI: 10.1158/1078-0432.ccr-14-0894]
Mego M, Mani SA, Lee BN, Li C, Evans KW, Cohen EN, Gao H,
Jackson SA, Giordano A, Hortobagyi GN, Cristofanilli M, Lucci
A, Reuben JM. Expression of epithelial-mesenchymal transitioninducing transcription factors in primary breast cancer: The effect
of neoadjuvant therapy. Int J Cancer 2012; 130: 808-816 [PMID:
21387303 DOI: 10.1002/ijc.26037]
Miyazono F, Natsugoe S, Takao S, Tokuda K, Kijima F, Aridome
K, Hokita S, Baba M, Eizuru Y, Aikou T. Surgical maneuvers
enhance molecular detection of circulating tumor cells during
gastric cancer surgery. Ann Surg 2001; 233: 189-194 [PMID:
11176124 DOI: 10.1097/00000658-200102000-00007]
Bednarz-Knoll N, Alix-Panabières C, Pantel K. Plasticity of
disseminating cancer cells in patients with epithelial malignancies.
Cancer Metastasis Rev 2012; 31: 673-687 [PMID: 22733306 DOI:
10.1007/s10555-012-9370-z]
P- Reviewer: Di Vita M, Furka A S- Editor: Gong ZM
L- Editor: Wang TQ E- Editor: Zhang DN

WJG|www.wjgnet.com

13267

December 21, 2015|Volume 21|Issue 47|

World J Gastroenterol 2015 December 21; 21(47): 13268-13276
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i47.13268

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Potential roles of EZH2, Bmi-1 and miR-203 in cell
proliferation and invasion in hepatocellular carcinoma cell
line Hep3B
Fang Yang, Li-Zhi Lv, Qiu-Cheng Cai, Yi Jiang
Fang Yang, Li-Zhi Lv, Qiu-Cheng Cai, Yi Jiang, Department
of Hepatobiliary Surgery, Fuzong Clinical Medical College of
Fujian Medical University, Fuzhou 350025, Fujian Province,
China
Author contributions: Yang F contributed new reagents and
analytic tools, and analyzed the data; Lv LZ conducted the
experimental work; Cai QC participated in the manuscript
drafting work; Jiang Y designed the research.
Institutional review board statement: All study protocols
were approved by the Ethics Committee for Clinical Research of
Fuzhou General Hospital.
Conflict-of-interest statement: The authors declare no conflict
of interest.
Data sharing statement: No additional data are available
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Yi Jiang, PhD, Department of Hepato
biliary Surgery, Fuzong Clinical Medical College of Fujian
Medical University, No. 156 Xierhuan North Road, Fuzhou
350025, Fujian Province, China. jiangyi8183@163.com
Telephone: +86-591-22859377
Fax: +86-591-22859377
Received: January 10, 2015
Peer-review started: January 10, 2015
First decision: March 10, 2015
Revised: May 3, 2015
Accepted: July 3, 2015
Article in press: July 3, 2015
Published online: December 21, 2015

WJG|www.wjgnet.com

Abstract
AIM: To investigate the potential roles of enhancer
of zeste homolog2 (EZH2), Bmi-1 and miR-203 in cell
proliferation and invasion in hepatocellular carcinoma
(HCC) cell line Hep3B.
METHODS: A total of 73 patients who underwent
surgical resection at Fuzong Clinical Medical College of
Fujian Medical University were enrolled in this study.
Hep3B cells were cultivated in RPMI 1640 medium
supplemented with 10% fetal bovine serum at 37 ℃.
Vectors that containing cDNA of the EZH2 gene or
miR-203 targeted shRNA plasmid were constructed, and
then transfected into Hep3B cells. The mRNA expression
of miR-203, EZH2, and Bmi-1 was analyzed using
quantitative real-time polymerase chain reaction analysis,
and the protein levels of EZH2 and Bmi-1 were detected
by Western blot analysis. Effect of EZH2 or miR-203
on cell proliferation was observed by methyl thiazolyl
tetrazolium assay, and cell apoptosis was assessed using
flow cytometry. Besides, effect of EZH2 or miR-203 on
tumor cell invasion was detected using Transwell assay.
RESULTS: The mRNA levels of EZH2 and Bmi-1 in HCC
tissues and in Hep3B cells were significantly higher
compared with those in normal samples (P < 0.01),
while miR-203 level was significantly lower in HCC
tissues (P < 0.01). Hep3B cells transfected with EZH2shRNA or miR-203-shRNA showed lower expression
levels of EZH2 and Bmi-1 (P < 0.05). Compared with
controls, Hep3B cells transfected with EZH2-shRNA
had relative slow cell proliferation, indicating that low
expression of EZH2 and Bmi-1 and overexpression of
miR-203 could inhibit Hep3B cell proliferation (P < 0.05).
The average apoptosis rate of Hep3B cells transfected
with EZH2-shRNA vector was about 18.631%, while
that of Hep3B cells transfected with shRNA vector
was about 5.33%, suggesting that EZH2 was down-
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regulated by transfecting with EZH2-shRNA, and the
down-regulated EZH2 contributed to the cell apoptosis.
Low expression of EZH2 and Bmi-1 and overexpression
of miR-203 could reduce Hep3B cell invasion (P < 0.05).
CONCLUSION: Our study suggests that EZH2 and
Bmi-1 are up-regulated while miR-203 is downregulated in Hep3B cells. MiR-203 may contribute to
the metastasis and enhance apoptosis of HCC cells by
regulating EZH2 and Bmi-1. Our study may provide a
theoretical basis for metastasis of HCC and targeted
therapy of HCC.
Key words: EZH2; Bmi-1; miR-203; Hepatocellular
carcinoma; Hep3B cell line; Invasion; Proliferation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we analyzed the expression
levels of Bmi-1, EZH2, and miR-203 in hepatocellular
carcinoma (HCC) tissues and in Hep3B cell line.
Comprehensive experimental methods were used to
investigate the roles of Bmi-1, EZH2, and miR-203 in
Hep3B cell proliferation, invasion and apoptosis. This
study aimed to investigate the potential collaborate
regulation mechanism of EZH2, Bmi-1, and miR-203 in
metastasis and invasion of HCC.
Yang F, Lv LZ, Cai QC, Jiang Y. Potential roles of EZH2, Bmi-1
and miR-203 in cell proliferation and invasion in hepatocellular
carcinoma cell line Hep3B. World J Gastroenterol 2015;
21(47): 13268-13276 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13268.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13268

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related deaths worldwide, with
[1]
increasing incidence in many countries . Due to the
easy metastasis and easy recurrence of HCC, hepatic
resection is the main treatment method for patients
[2]
suffering HCC . However, liver transplantation
provides the best chance for such patients and offers
[3]
long-term survival . Therefore, to identify some
reliable biomarkers for the prediction of metastasis and
recurrence of HCC will be of great significance.
Polycomb group (PcG) is a group of proteins
that control the transcriptional memory of cells
by maintaining the stable silencing of specific sets
[4]
of genes through chromatin modifications . The
polycomb repressive complex 1 (PRC1) and PRC2
[5]
are two distinct PcG complexes for PcG protein .
Increasing studies prove that enhancer of zeste
homolog2 (EZH2) is a polycomb group protein and
[6,7]
that EZH2 is overexpressed in HCC . Also, B cell-
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specific moloney murine leukaemia virus insertion site
1 (Bmi-1) represses the transcription of their target
[8]
[9]
genes via an epigenetic mechanism . Effendi et al
proves that overexpression of Bmi-1 in early-stage
HCC is correlated with ATP-binding cassette transporter
B1 expression. Also, up-regulated Bmi-1 enhances the
[10]
[11]
invasion and metastasis of HCC . Besides, Fu et al
prove that Bmi-1 and EZH2 are associated with the
progression and aggressive biological behavior of HCC.
MicroRNAs (miRNAs) are some endogenous
non-coding small molecules that regulate the gene
expression at the posttranscriptional level. Numerous
miRNAs play crucial roles in HCC, and miR-203 has
been suggested to be a predictor for HCC after liver
[12]
transplantation . Also, miR-203 induces cell apoptosis
and represses cell growth by targeting Bmi-1 in
[13]
HCC . EZH2 could regulate the expression of some
[14]
miRNAs, although the mechanism is still unclear .
Although many studies have devoted to elucidating
the roles of Bmi-1 and EZH2 in HCC progression,
collaborate regulation mechanism of EZH2, Bmi-1, and
miR-203 in proliferation and invasion of HCC remains
incompletely described.
In this study, we analyzed the expression levels
of Bmi-1, EZH2, and miR-203 in HCC tissues and in
Hep3B cell line. Comprehensive experimental methods
were used to investigate the roles of Bmi-1, EZH2,
and miR-203 in Hep3B cell proliferation, invasion and
apoptosis. This study aimed to investigate the potential
collaborate regulation mechanism of EZH2, Bmi-1, and
miR-203 in metastasis and invasion of HCC.

MATERIALS AND METHODS
HCC tissues

A total of 73 patients who underwent surgical resection
at Department of Hepatobiliary Surgery, Fuzong
Clinical Medical College of Fujian Medical University
from January 2007 to January 2014 were enrolled in
this study. Informed consent was obtained from all
cases for research use of the specimens, and all study
protocols were approved by the Ethics Committee
for Clinical Research of Fuzhou General Hospital.
All the patients have received no radiotherapy or
chemotherapy before routine surgery.

HCC cell cultivation

The HCC cell line Hep3B was given as a gift by
Shanghai Institute of Biochemistry and Cell Biology
(China) and was cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum (FBS)
(Hyclone, United States) in a humidified chamber with
95% air and 5% CO2 at 37 ℃.

ShRNA of EZH2/miR-203 lentiviral vector construction
and cell transfection

The cDNA corresponding to the full-length human
EZH2 gene was amplified by sequencing and
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subcloned into the lentivirus vector pLKO.1-TRC cloning
vector (10878). The specific primers for EZH2 were:
sense, 5’-CCGGGCTAGGTTAATTGGGACCAAACTCGAG
TTTGGTCCCAATTAACCTAGCTTTTTG-3’ and antisense,
5’-AAT-TCAAAAAGCTAGGTTAATTGGGACCAAACTCGAG
TTTGGTCCCAATTAACCTAG-3’.
In addition, to construct the overexpression vector
of miR-203, the cultivated Hep3B cells at logarithmic
phase were digested using 0.25% trypsin to make the
6
cell concentration to 5 × 10 /mL. The digested Hep3B
cells (100 μL) were injected into the cell incubator
2
(10 cm ). After being incubated at 37 ℃ with 5% of
CO2 until cell confluence reached 50%-60%, shRNA
(10 μL) and opti-MEM (490 μL) were mixed with the
Hep3B cells. The total mixture was incubated in 10 mL
medium with 10% FBS.
Finally, Hep3B cells transfected with EZH2-shRNA/
miR-203-shRNA were seeded in 6-well plates using
Deofect EU transfection reagent (Roche, Germany)
according to the manufacturer’s protocol. Clones with
stable transfection of EZH2-shRNA/miR-203-shRNA or
empty vector were selected using 3 μg/mL puromycin
dihydrochloride (Sigma, United States).

Quantitative real-time polymerase chain reaction

Total RNA from HCC tissues and Hep3B cells was
extracted using TRIzol reagent (Invitrogen, Carlsbad,
CA, United States) according to the manufacturer’s
instructions. Expression of miR-203 was determined
using the Taqman microRNA assay kit (Taqman
microRNA assay kit), and U6 snRNA was used for the
normalization of relative abundance of miR-203. Total
RNA was reverse-transcribed into cDNA using the
primescript RT reagent kit (Takara, Japan), and 1 μL of
cDNA was used for each PCR reaction.

Western blot analysis

Hep3B cells transfected with the EZH2-shRNA
or empty vector were lysed with RIPA and total
proteins were separated by SDS-PAGE after the
concentration was determined, and transferred to
PVDF membranes. Primary antibodies against EZH2
and BMI-1 were added and incubated overnight in
TBST with 5% bovine serum albumin. After washing
with TBST, the membranes were further incubated for
1 h at room temperature with a secondary antibody
conjugated with horseradish peroxidase. Finally, the
immunoreactive protein bands were visualized with a
chemiluminescence kit (NEN Life Science Products).

Cell proliferation assay

To investigate the role of miR-203 in HCC cell
proliferation, cells (100 μL, about 5000 cells)
transfected with miR-203 were injected into 96-well
plates and then incubated at 37 ℃ with 5% CO2.
Methyl thiazolyl tetrazolium (10 μg/mL) was added
into the cells to determine the cell viability and the
cells were further incubated at 37 ℃ for 4 h. Cell
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proliferation reagent WST-1 (10 μL; Roche, United
States) was added into the cultivated cells. The
absorbance of cells was read at 450 nm using a
microplate reader (Bio-Rad, 3550, United States).

Cell apoptosis assay

Hep3B cells were transfected with 50 μL EZH2-shRNA/
miR-203 shRNA or control vector, and cell apoptosis
assay was performed using Annexin V FITC apoptosis
Detection Kit I (BD Pharmingen, United States) at
72 h after transfection according to the manufacture’
s protocol. Cell suspension (100 μL) was incubated
with 5 μL of annexin-V and 1 μL of propidium iodide at
room temperature for 10 min. Total stained cells were
analyzed using flow cytometry (BD-bio, San Diego,
CA, United States).

Cell invasion assay in vitro

To determine the effect of EZH2 or miR-203 on
HCC cell invasion, clones of Hep3B cells transfected
with different vectors were injected into the 24-well
Transwell cell culture chambers (8-μm pores; Millipore,
United States) and Matrigel (BD, United States).
After serum starvation for 24 h, Hep3B cells in 350
μL serum-free DMEM were transferred to the upper
chamber. The lower chamber was added with DMEM
with 15% FBS as a chemoattractant. The number of
invasive cells that remained adherent to the outside of
the membrane were fixed and stained.

Statistical analysis

All the data are expressed as the mean ± SD.
Correlations between clinicopathological variables
and EZH2, BMI-1 and miR-203 expression were
analyzed with Pearson’s tests. Variance analysis
between groups was performed by one-way ANOVA
and the significance of differences between control
and treatment groups was tested using Dummett’s
multiple comparisons test. All statistical analyses were
performed using the SPSS software package (SPSS,
Chicago, IL, United States). P < 0.05 was considered
statistically significant.

RESULTS
mRNA levels of EZH2, Bmi-1, and miR-203 in HCC

The results of quantitative real-time PCR analysis are
shown in Figure 1. The mRNA levels of both EZH2
and Bmi-1 were significantly higher in HCC tissues
compared with normal tissues (P < 0.01; Figure 1A
and B). Besides, miR-203 level was lower in HCC
tissue samples than in normal tissues (P < 0.01;
Figure 1C).

Western blot analysis of EZH2 and Bmi-1 expression

To further investigate the expression protein levels of
EZH2 and Bmi-1, Western bot analysis was conducted
(Figure 2). The results showed that the expression
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Figure 1 Quantitative real-time polymerase chain reaction detection of
mRNA levels of Bmi-1, EZH2, and miR-203. The mRNA levels of Bmi-1 (A),
EZH2 (B), and miR-203 (C) in HCC tissues.

levels of both EZH2 and Bmi-1 proteins were higher in
HCC tissues compared with control tissues (P < 0.05;
Figure 2A).
Besides, Western blot analysis showed that the
expression levels of Bmi-1 and EZH2 in Hep3B cells
transfected with EZH2-shRNA declined compared with
control cells (Figure 2B). Meanwhile, expression levels
of Bmi-1 and EZH2 in Hep3B cells overexpressing
miR-203 were lower than those in Hep3B cells
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After being cultivated for 4 d in the 96-well plates,
the cell proliferation ability of Hep3B cells transfected
with EZH2-shRNA/miR-203-shRNA or control vector
was detected (Figure 3). Compared with the controls,
Hep3B cells transfected with EZH2-shRNA had
relative slow cell proliferation (Figure 3A), and the
same tendency was observed in cells transfected with
miR-203-shRNA (Figure 3B), suggesting that low
expression of EZH2 and high expression of miR-203
both could inhibit Hep3B cell proliferation.

Cell apoptosis assay

Flow cytometry was used to investigate the role of
EZH2 and miR-203 in apoptosis of HCC cells (Figure
4). The results showed that the average apoptosis
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rate of Hep3B cells transfected with EZH2-shRNA
vector was about 18.631%, while that of Hep3B cells
transfected with control shRNA vector was about
5.33%, suggesting that EZH2 was down-regulated
by transfecting with EZH2-shRNA, and the downregulated EZH2 contributed to the cell apoptosis (Figure
4A and B).

Cell invasion assay

The roles of EZH2 and miR-203 on HCC tumor cells
invasion were shown in Figure 5. The results showed
that violet crystals in Hep3B cells transfected with
EZH2-shRNA were less than that in control group,
indicating that the cell invasion ability of Hep3B cells
transfected with EZH2-shRNA was obviously abated
compared with that of Hep3B cells transfected with
shRNA vector (Figure 5A and B).
Besides, Transwell invasion assay displayed
that violet crystals in Hep3B cells with miR-203
overexpression were less than that in control group,
suggesting that overexpression of miR-203 inhibiting
the invasion of HCC cells (Figure 5C and D).

DISCUSSION
HCC is the third leading cause of cancer-related
deaths worldwide, with increasing incidence in many
[1]
countries . Due to the easy metastasis and recurrence
of HCC, hepatic resection is the main treatment
[2]
method for patients with HCC . High recurrence rate
of intra-hepatic and distant metastases is the major
obstacle to improving the survival of patients with
HCC. Clinical data showed that PcG proteins such as
EZH2 and Bmi-1, and miR-203 play key roles in HCC
metastasis and recurrence. Clarifying the mechanisms
and identifying key factors underlying invasion and
metastasis that could reflect the metastasis and
recurrence of HCC will be necessary. In the present
study, we found that PcG proteins Bmi-1 and EZH2,
and miRNA-203 coordinately regulated HCC, which
might play an important role in HCC recurrence and
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metastasis.
Our data showed that the two PcG proteins EZH2
and Bmi-1 had high expression levels both in HCC
tissues and in Hep3B cells, suggesting their crucial
roles in HCC development. PcG proteins are important
in maintaining cell identity and regulation of the cell
[15]
cycle . EZH2 was found to be associated with adverse
[16]
pathological characteristics by some investigators .
Overexpression of EZH2 and Bmi-1 is associated
with a poor prognosis in several types of human
[17,18,19]
[20]
tumors
. Sasaki et al
proved that high levels
of EZH2 and Bmi-1 were related to HCC progression.
Besides, qRT-PCR analysis showed that miR-203 is
down-regulated in HCC tissues and in Hep3B cells. It
has been demonstrated that miR-203 plays key roles
in controlling proliferation, migration, and invasion of
[21]
cancer cells, such as prostate cancer cells . Recent
studies show that miR-203 is epigenetically silenced
[22,23]
in HCC
. Therefore, our results are consistent with
those of the former studies.
Our study showed that proliferation ability of Hep3B
cells transfected with EZH2-shRNA or miR-203-shRNA
was lower compared with Hep3B cells transfected with
control vector. The polycomb group protein EZH2 was
[24]
up-regulated in proliferating HCC cells
and EZH2
could be inhibited by the tumor suppressor miR-124
[25]
[26]
in HCC . Besides, Wang et al
proved that downregulation of Bmi-1 could retard the cell proliferation in
[27]
HCC, and Chiba et al
proved that Bmi-1 enhanced
the proliferation of HCC cells. Thus, high levels of
Bmi-1 and EZH2 may contribute to cell proliferation of
HCC. Meanwhile, bioinformatics analysis showed that
[28]
miR-203 was related to the cell growth of HCC . Our
[20]
results are consistent with those of Sasaki et al ,
who found that the expression of Bmi-1 and EZH2
was heterogeneous and associated with vascular
infiltration, histological grade and cell proliferation in
HCC. Based on our results, we speculate that high
expression of Bmi-1 and EZH2 or low expression of
miR-203 could contribute to Hep3B cell proliferation.
On the other hand, our data showed that cell
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Figure 4 Flow cytometry analysis of apoptosis of Hep3B cells. A: Hep3B cells transfected with control shRNA vector; B: Hep3B cells transfected with EZH2shRNA vector; C: Hep3B cells transfected with control shRNA vector; D: Hep3B cells transfected with miR-203-shRNA vector.

apoptosis of Hep3B cells transfected with EZH2-shRNA
was lower than that in Hep3B cells transfected with
control vector, and the same tendency was observed
in Hep3B cells transfected with miR-203 shRNA.
This finding indicates the crucial role of EZH2 and
Bmi-1 in regulating HCC cell apoptosis and invasion.
[29]
Su et al
proved that EZH2 could be silenced by
the down-regulated miR-101, which contributed to
HCC cell apoptosis. Also, overexpression of Bmi-1
leads to increased self-renewal and tumorigenesis of
[30]
liver stem cells in mice , and high expression level
of Bmi-1 in HCC was significantly correlated with
[31]
recurrence of HCC via increasing the cell apoptosis .
[17]
Yonemitsu et al
proved that cell proliferation was
apparently inhibited in HepG2 cells with EZH2 and
Bmi-1 knockdown. Thus, high levels of EZH2 and
Bmi-1 may be the contributors to HCC metastasis and
recurrence. Based on our results, we speculate that
EZH2 may collaborate with Bmi-1 in HCC development
and progression by regulating Hep3B cell apoptosis
and invasion. Meanwhile, miR-203 is the first skin[12]
specific miRNA discovered in recent years . It is
involved not only in the regulation of embryonic
epidermal differentiation, building a protective layer
of skin for psoriasis and other skin diseases, but also
in proliferation, differentiation, invasion, metastasis
and apoptosis of tumor cells as a tumor suppressor
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[32]

or oncogenic factor . The abnormal expression of
miR-203 can alter the expression of many targeted
genes, leading to breast, prostate, liver and other
[22]
tumors . Abnormal expression of miR-203 caused by
promotor methylation resulted in aberrant expression
of many target genes including Bmi-1, thus leading to
[33,34]
the occurrence of breast cancer and liver cancer
.
Knockdown of EZH2 both in breast cancer and in
breast cancer cell line resulted in the down-regulation
of specific miRNAs such as miR-203 and miR-200 to
[35]
enhance the expression of Bmi-1 , indicating that
miR-203 may function by regulating many target
genes.
In conclusion, our study suggests that EZH2 and
Bmi-1, together with miR-203, may form a regulatory
axis (EZH2-Bmi-1-miR-203) to regulate Hep3B cell
proliferation and invasion. Down-regulating EZH2
causes the down-regulation of Bmi-1 and the upregulation of miR-203. The overexpression of miR-203
and down-regulation of EZH2 and Bmi-1 may
decrease the invasion and proliferation but increase
the apoptosis of Hep3B cells. miR-203 might play an
important role in the link of EZH2 and Bmi-1. Our
study may provide evidence of coordinated regulation
of PcG proteins EZH2 and Bmi-1 through miR-203,
which regulates the invasion and proliferation of Hep3B
cells. However, further studies that focus on the role of
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Figure 5 Analysis of Hep3B cell invasion in vitro. A: Invasion of Hep3B cells transfected with control shRNA vector; B: Invasion of Hep3B cells transfected with
EZH2-shRNA; C: Invasion of Hep3B cells transfected with control shRNA vector; D: Invasion of Hep3B cells transfected with miR-203-shRNA.

Terminology

miR-203 are still needed.

The authors detected the expression of PcG proteins EZH2 and Bmi-1 both in
hepatocellular carcinoma tissues and in Hep3B cells. SiRNA of miR-203 was
constructed and transfected into Hep3B cells.

COMMENTS
COMMENTS
Background

To clarify the mechanisms and identify the key factors of Bmi-1/EZH2/miR-203
underlying invasion and metastasis that could reflect the metastasis and
recurrence of hepatocellular carcinoma.

Research frontiers

This study found that PcG proteins of Bmi-1 and EZH2, and miR-203
coordinately regulated hepatocellular carcinoma, which may play crucial roles
in hepatocellular carcinoma recurrence and metastasis.

Peer-review

This study investigated the coordinated role between PcG proteins EZH2
and Bmi-1, and miR-203 in regulating hepatocellular carcinoma Hep3B cell
proliferation, invasion, and cell apoptosis, and the study suggested that EZH2Bmi-1-miR-203 may be a regulatory axis to regulate Hep3B cell proliferation
and invasion.

REFERENCES
1

Innovations and breakthroughs

This study found that two PcG proteins EZH2 and Bmi-1 had high expression
levels in hepatocellular carcinoma tissues and in Hep3B cells, suggesting
their crucial roles in hepatocellular carcinoma development. Low expression
of miR-203 or high expression of EZH2 and Bmi-1 contribute to Hep3B cell
proliferation. The present study suggests that EZH2 and Bmi-1, together with
miR-203, may form a regulatory axis to regulate Hep3B cell proliferation and
invasion.

2

3

Applications

This study may provide evidence of coordinated regulation of PcG proteins
EZH2, Bmi-1 through miR-203, which regulated invasion and proliferation of
Hep3B cells.

WJG|www.wjgnet.com

4

13274

Tung-Ping Poon R, Fan ST, Wong J. Risk factors, prevention,
and management of postoperative recurrence after resection of
hepatocellular carcinoma. Ann Surg 2000; 232: 10-24 [PMID:
10862190 DOI: 10.3748/wjg.v17.i27.3213]
Zhou Y, Zhao Y, Li B, Xu D, Yin Z, Xie F, Yang J. Meta-analysis
of radiofrequency ablation versus hepatic resection for small
hepatocellular carcinoma. BMC Gastroenterol 2010; 10: 78 [PMID:
20618937 DOI: 10.1186/1471-230X-10-78]
Cheng YC, Chen TW, Fan HL, Yu CY, Chang HC, Hsieh CB.
Transarterial chemoembolization for intrahepatic multiple recurrent
HCC after liver resection or transplantation. Ann Transplant 2014;
19: 309-316 [PMID: 24975583 DOI: 10.12659/AOT.890505]
Deleris A, Stroud H, Bernatavichute Y, Johnson E, Klein G,
Schubert D, Jacobsen SE. Loss of the DNA methyltransferase

December 21, 2015|Volume 21|Issue 47|

Yang F et al . Roles of EZH2, Bmi-1 and miR-203 in HCC

5

6

7

8

9

10

11

12

13
14
15

16

17

MET1 Induces H3K9 hypermethylation at PcG target genes
and redistribution of H3K27 trimethylation to transposons in
Arabidopsis thaliana. PLoS Genet 2012; 8: e1003062 [PMID:
23209430 DOI: 10.1371/journal.pgen.1003062]
Raaphorst FM, van Kemenade FJ, Blokzijl T, Fieret E, Hamer
KM, Satijn DP, Otte AP, Meijer CJ. Coexpression of BMI-1 and
EZH2 polycomb group genes in Reed-Sternberg cells of Hodgkin’s
disease. Am J Pathol 2000; 157: 709-715 [PMID: 10980109 DOI:
10.1016/S0002-9440(10)64583-X]
Gong Y, Wang X, Liu J, Shi L, Yin B, Peng X, Qiang B, Yuan J.
NSPc1, a mainly nuclear localized protein of novel PcG family
members, has a transcription repression activity related to its
PKC phosphorylation site at S183. FEBS Lett 2005; 579: 115-121
[PMID: 15620699 DOI: 10.1016/j.febslet.2004.11.056]
Ciarapica R, De Salvo M, Carcarino E, Bracaglia G, Adesso
L, Leoncini PP, Dall’Agnese A, Walters ZS, Verginelli F, De
Sio L, Boldrini R, Inserra A, Bisogno G, Rosolen A, Alaggio R,
Ferrari A, Collini P, Locatelli M, Stifani S, Screpanti I, Rutella S,
Yu Q, Marquez VE, Shipley J, Valente S, Mai A, Miele L, Puri
PL, Locatelli F, Palacios D, Rota R. The Polycomb group (PcG)
protein EZH2 supports the survival of PAX3-FOXO1 alveolar
rhabdomyosarcoma by repressing FBXO32 (Atrogin1/MAFbx).
Oncogene 2014; 33: 4173-4184 [PMID: 24213577 DOI: 10.1038/
onc.2013.471]
Kim HG, Kim DJ, Li S, Lee KY, Li X, Bode AM, Dong Z.
Polycomb (PcG) proteins, BMI1 and SUZ12, regulate arsenicinduced cell transformation. J Biol Chem 2012; 287: 31920-31928
[PMID: 22843710 DOI: 10.1074/jbc.M112.360362]
Effendi K, Mori T, Komuta M, Masugi Y, Du W, Sakamoto M.
Bmi-1 gene is upregulated in early-stage hepatocellular carcinoma
and correlates with ATP-binding cassette transporter B1 expression.
Cancer Sci 2010; 101: 666-672 [PMID: 20085590 DOI: 10.1111/
j.1349-7006.2009.01431.x]
Li X, Yang Z, Song W, Zhou L, Li Q, Tao K, Zhou J, Wang
X, Zheng Z, You N, Dou K, Li H. Overexpression of Bmi-1
contributes to the invasion and metastasis of hepatocellular
carcinoma by increasing the expression of matrix metalloproteinase
(MMP)‑2, MMP-9 and vascular endothelial growth factor via the
PTEN/PI3K/Akt pathway. Int J Oncol 2013; 43: 793-802 [PMID:
23807724 DOI: 10.3892/ijo.2013.1992]
Fu WM, Tang LP, Zhu X, Lu YF, Zhang YL, Lee WY, Wang
H, Yu Y, Liang WC, Ko CH, Xu HX, Kung HF, Zhang JF.
MiR-218-targeting-Bmi-1 mediates the suppressive effect of
1,6,7-trihydroxyxanthone on liver cancer cells. Apoptosis 2015; 20:
75-82 [PMID: 25416134 DOI: 10.1007/s10495-014-1047-3]
Chen HY, Han ZB, Fan JW, Xia J, Wu JY, Qiu GQ, Tang HM,
Peng ZH. miR-203 expression predicts outcome after liver
transplantation for hepatocellular carcinoma in cirrhotic liver. Med
Oncol 2012; 29: 1859-1865 [PMID: 21786180 DOI: 10.1007/
s12032-011-0031-9]
Sato F, Tsuchiya S, Meltzer SJ, Shimizu K. MicroRNAs and
epigenetics. FEBS J 2011; 278: 1598-1609 [PMID: 21395977
DOI: 10.1111/j.1742-4658.2011.08089.x]
Thomas MB, Zhu AX. Hepatocellular carcinoma: the need for
progress. J Clin Oncol 2005; 23: 2892-2899 [PMID: 15860847
DOI: 10.1200/JCO.2005.03.196]
Furuyama T, Tie F, Harte PJ. Polycomb group proteins ESC
and E(Z) are present in multiple distinct complexes that undergo
dynamic changes during development. Genesis 2003; 35: 114-124
[PMID: 12533794 DOI: 10.1002/gene.10173]
Mihic-Probst D, Kuster A, Kilgus S, Bode-Lesniewska B, IngoldHeppner B, Leung C, Storz M, Seifert B, Marino S, Schraml
P, Dummer R, Moch H. Consistent expression of the stem cell
renewal factor BMI-1 in primary and metastatic melanoma. Int J
Cancer 2007; 121: 1764-1770 [PMID: 17597110 DOI: 10.1002/
ijc.22891]
Yonemitsu Y, Imazeki F, Chiba T, Fukai K, Nagai Y, Miyagi S,
Arai M, Aoki R, Miyazaki M, Nakatani Y, Iwama A, Yokosuka O.
Distinct expression of polycomb group proteins EZH2 and BMI1
in hepatocellular carcinoma. Hum Pathol 2009; 40: 1304-1311

WJG|www.wjgnet.com

18

19

20

21

22

23

24

25

26

27

28

29

30
31

32

13275

[PMID: 19386347 DOI: 10.1016/j.humpath.2009.01.017]
Breuer RH, Snijders PJ, Smit EF, Sutedja TG, Sewalt RG, Otte
AP, van Kemenade FJ, Postmus PE, Meijer CJ, Raaphorst FM.
Increased expression of the EZH2 polycomb group gene in BMI-1positive neoplastic cells during bronchial carcinogenesis. Neoplasia
2004; 6: 736-743 [PMID: 15720799 DOI: 10.1593/neo.04160]
Liu S, Dontu G, Mantle ID, Patel S, Ahn NS, Jackson KW, Suri P,
Wicha MS. Hedgehog signaling and Bmi-1 regulate self-renewal
of normal and malignant human mammary stem cells. Cancer Res
2006; 66: 6063-6071 [PMID: 16778178]
Sasaki M, Ikeda H, Itatsu K, Yamaguchi J, Sawada S, Minato
H, Ohta T, Nakanuma Y. The overexpression of polycomb group
proteins Bmi1 and EZH2 is associated with the progression and
aggressive biological behavior of hepatocellular carcinoma.
Lab Invest 2008; 88: 873-882 [PMID: 18591938 DOI: 10.1038/
labinvest.2008.52]
Viticchiè G, Lena AM, Latina A, Formosa A, Gregersen LH, Lund
AH, Bernardini S, Mauriello A, Miano R, Spagnoli LG, Knight
RA, Candi E, Melino G. MiR-203 controls proliferation, migration
and invasive potential of prostate cancer cell lines. Cell Cycle 2011;
10: 1121-1131 [PMID: 21368580 DOI: 10.4161/cc.10.7.15180]
Saini S, Majid S, Yamamura S, Tabatabai L, Suh SO, Shahryari V,
Chen Y, Deng G, Tanaka Y, Dahiya R. Regulatory Role of mir-203
in Prostate Cancer Progression and Metastasis. Clin Cancer Res
2011; 17: 5287-5298 [PMID: 21159887 DOI: 10.1158/1078-0432.
CCR-10-2619]
Furuta M, Kozaki KI, Tanaka S, Arii S, Imoto I, Inazawa J.
miR-124 and miR-203 are epigenetically silenced tumor-suppressive
microRNAs in hepatocellular carcinoma. Carcinogenesis 2010; 31:
766-776 [PMID: 19843643 DOI: 10.1093/carcin/bgp250]
Sudo T, Utsunomiya T, Mimori K, Nagahara H, Ogawa K, Inoue H,
Wakiyama S, Fujita H, Shirouzu K, Mori M. Clinicopathological
significance of EZH2 mRNA expression in patients with
hepatocellular carcinoma. Br J Cancer 2005; 92: 1754-1758
[PMID: 15856046 DOI: 10.1038/sj.bjc.6602531]
Zheng F, Liao YJ, Cai MY, Liu YH, Liu TH, Chen SP, Bian XW,
Guan XY, Lin MC, Zeng YX, Kung HF, Xie D. The putative
tumour suppressor microRNA-124 modulates hepatocellular
carcinoma cell aggressiveness by repressing ROCK2 and
EZH2. Gut 2012; 61: 278-289 [PMID: 21672940 DOI: 10.1136/
gut.2011.239145]
Wang H, Pan K, Zhang HK, Weng DS, Zhou J, Li JJ, Huang W,
Song HF, Chen MS, Xia JC. Increased polycomb-group oncogene
Bmi-1 expression correlates with poor prognosis in hepatocellular
carcinoma. J Cancer Res Clin Oncol 2008; 134: 535-541 [PMID:
17917742 DOI: 10.1007/s00432-007-0316-8]
Chiba T, Miyagi S, Saraya A, Aoki R, Seki A, Morita Y,
Yonemitsu Y, Yokosuka O, Taniguchi H, Nakauchi H, Iwama A.
The polycomb gene product BMI1 contributes to the maintenance
of tumor-initiating side population cells in hepatocellular
carcinoma. Cancer Res 2008; 68: 7742-7749 [PMID: 18829528
DOI: 10.1158/0008-5472]
Ladeiro Y, Couchy G, Balabaud C, Bioulac-Sage P, Pelletier
L, Rebouissou S, Zucman-Rossi J. MicroRNA profiling in
hepatocellular tumors is associated with clinical features and
oncogene/tumor suppressor gene mutations. Hepatology 2008; 47:
1955-1963 [PMID: 18433021 DOI: 10.1002/hep.22256]
Su H, Yang JR, Xu T, Huang J, Xu L, Yuan Y, Zhuang SM.
MicroRNA-101, down-regulated in hepatocellular carcinoma,
promotes apoptosis and suppresses tumorigenicity. Cancer Res
2009; 69: 1135-1142 [PMID: 19155302]
Lessard J, Sauvageau G. Bmi-1 determines the proliferative
capacity of normal and leukaemic stem cells. Nature 2003; 423:
255-260 [PMID: 12714970 DOI: 10.1038/nature01572]
Lee TK, Cheung VC, Ng IO. Liver tumor-initiating cells as
a therapeutic target for hepatocellular carcinoma. Cancer
Lett 2013; 338: 101-109 [PMID: 22579789 DOI: 10.1016/
j.canlet.2012.05.001]
Wei W, Wanjun L, Hui S, Dongyue C, Xinjun Y, Jisheng Z.
miR-203 inhibits proliferation of HCC cells by targeting survivin.

December 21, 2015|Volume 21|Issue 47|

Yang F et al . Roles of EZH2, Bmi-1 and miR-203 in HCC

33

34

Cell Biochem Funct 2013; 31: 82-85 [PMID: 22886454 DOI:
10.1002/cbf.2863]
Karakatsanis A, Papaconstantinou I, Gazouli M, Lyberopoulou
A, Polymeneas G, Voros D. Expression of microRNAs, miR-21,
miR-31, miR-122, miR-145, miR-146a, miR-200c, miR-221,
miR-222, and miR-223 in patients with hepatocellular carcinoma
or intrahepatic cholangiocarcinoma and its prognostic significance.
Mol Carcinog 2013; 52: 297-303 [PMID: 22213236 DOI: 10.1002/
mc.21864]
Jin J, Deng J, Wang F, Xia X, Qiu T, Lu W, Li X, Zhang H,

35

Gu X, Liu Y, Cao W, Shao W. The expression and function of
microRNA-203 in lung cancer. Tumour Biol 2013; 34: 349-357
[PMID: 23073851 DOI: 10.1007/s13277-012-0556-3]
Varambally S, Cao Q, Mani RS, Shankar S, Wang X, Ateeq B,
Laxman B, Cao X, Jing X, Ramnarayanan K, Brenner JC, Yu J,
Kim JH, Han B, Tan P, Kumar-Sinha C, Lonigro RJ, Palanisamy
N, Maher CA, Chinnaiyan AM. Genomic loss of microRNA-101
leads to overexpression of histone methyltransferase EZH2 in
cancer. Science 2008; 322: 1695-1699 [PMID: 19008416 DOI:
10.1126/science.1165395]
P- Reviewer: Deepak P, Siddiqui I S- Editor: Yu J
L- Editor: Wang TQ E- Editor: Zhang DN

WJG|www.wjgnet.com

13276

December 21, 2015|Volume 21|Issue 47|

World J Gastroenterol 2015 December 21; 21(47): 13277-13287
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i47.13277

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Guggulsterone induces apoptosis of human hepatocellular
carcinoma cells through intrinsic mitochondrial pathway
Juan-Juan Shi, Xiao-Li Jia, Mei Li, Ning Yang, Ya-Ping Li, Xin Zhang, Ning Gao, Shuang-Suo Dang
Juan-Juan Shi, Xiao-Li Jia, Mei Li, Ning Yang, Ya-Ping Li, Xin
Zhang, Ning Gao, Shuang-Suo Dang, Department of Infectious
Diseases, the Second Affiliated Hospital of Medical School of Xi’
an Jiaotong University, Xi’an 710004, Shaanxi Province, China

Revised: August 24, 2015
Accepted: October 17, 2015
Article in press: October 20, 2015
Published online: December 21, 2015

Author contributions: Shi JJ, Jia XL and Dang SS designed
the research; Shi JJ, Li M, Yang N, Li YP, Zhang X and Gao N
performed the research; Shi JJ, Yang N and Li YP analyzed the
data; and Shi JJ wrote the paper.

Abstract

Supported by Science and Technology Foundation of Shaanxi
Province, China, No. 2007K16-07(9).
Institutional review board statement: No human or animal
subjects in the study.
Institutional animal care and use committee statement:
Animals were not used in the study.
Conflict-of-interest statement: To the best of our knowledge,
no conflict of interest exists.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Xiao-Li Jia, PhD, Department of
Infectious Diseases, the Second Affiliated Hospital of Medical
School of Xi’an Jiaotong University, No. 157 Xi’wu Road, Xi’an
710004, Shaanxi Province, China. drjxl@163.com
Telephone: +86-29-87679688
Fax: +86-29-87679688
Received: April 29, 2015
Peer-review started: May 8, 2015
First decision: July 19, 2015

WJG|www.wjgnet.com

AIM: To investigate the effects of guggulsterone on
the proliferation and apoptosis of human hepatoma
HepG2 cells in vitro and relevant mechanisms.
METHODS: Human hepatocellular carcinoma HepG2
cells and normal human liver L-02 cells were treated
with different concentrations of guggulsterone (5-100
μmol/L) for 24-72 h. Cell proliferation was tested by
MTT assay. Cell cycle and apoptosis were investigated
using flow cytometry (FACS). Bcl-2 and Bax mRNA and
protein expression was detected by real-time PCR and
Western blot, respectively. TGF-β1, TNF-α, and VEGF
contents were determined by ELISA.
RESULTS: Guggulsterone significantly inhibited HepG2
cell proliferation in a dose- and time-dependent
manner. FACS showed that guggulsterone arrested
HepG2 cell cycle at G0/G1 phase. Guggulsterone
induced apoptosis was also observed in HepG2 cells,
with 24.91% ± 2.41% and 53.03% ± 2.28% of
apoptotic cells in response to the treatment with 50
μmol/L and 75 μmol/L guggulsterone, respectively.
Bax mRNA and protein expression was significantly
increased and Bcl-2 mRNA and protein expression
was decreased. ELISA analysis showed that the
concentrations of TGF-β1 and VEGF were significantly
decreased and TNF-α concentration was increased.
CONCLUSION: Guggulsterone exerts its anticancer
effects by inhibiting cell proliferation and inducing
apoptosis in HepG2 cells. Guggulsterone induces
apoptosis by activation of the intrinsic mitochondrial
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pathway.
Key words: Guggulsterone; Hepatocellular carcinoma
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Core tip: Hepatocellular carcinoma (HCC) is the fifth
most prevalent cancer and the second leading cause
of tumor mortality worldwide. Guggulsterone (GS) is
a phytosterol extracted from the gum resin of guggul
plants, and its pro-apoptotic effect has been found to
play a pivotal role in its anti-carcinogenic mechanisms.
In this study, we investigated the anticancer effects
of GS-induced apoptosis in human HCC cells and
the underlying molecular mechanisms. Our results
demonstrated that GS induced HepG2 cell apoptosis
through regulating Bcl-2 and Bax expression levels.
Shi JJ, Jia XL, Li M, Yang N, Li YP, Zhang X, Gao N, Dang
SS. Guggulsterone induces apoptosis of human hepatocellular
carcinoma cells through intrinsic mitochondrial pathway. World J
Gastroenterol 2015; 21(47): 13277-13287 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i47/13277.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i47.13277

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
prevalent cancer and the second leading cause of
[1]
tumor mortality worldwide . The number of new
cases of HCC is increasing year by year and about
748000 new cases are being diagnosed annually,
[2,3]
accounting for 9.2% of all new global tumor cases .
HCC has a low resectability rate, high recurrence rate,
insidious onset, rapid progression, grave prognosis and
[1]
high mortality , therefore development of anticancer
drugs with explicit efficacy on HCC has now become a
challenge worldwide.
Many phytochemicals derived from edible plants
[4,5]
have shown cancer therapeutic potential . Gug
gulsterone (GS) is a phytosterol extracted from
the gum resin of guggul plants that shows strong
antioxidant, anti-inflammatory, hypolipidemic and
[6-9]
hypocholestremic properties , and has been used
[10-13]
for treatment of several malignant diseases
. Proapoptotic effect of GS has been found to play a pivotal
[10,13]
role in its anti-carcinogenic mechanisms
.
Apoptosis is known as programmed cell death,
accompanying specific morphological and biochemical
changes such as cell shrinkage, nuclear and DNA
[14,15]
fragmentation, and apoptotic body formation
.
These changes are associated with a distinct set of
signaling pathways including the intrinsic mitochondrial
[16]
pathway and the extrinsic death receptor pathway .
A common step is the caspase activation in both
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pathways . The mitochondrial pathway is activated
by a variety of stimuli such as heat shock, DNA
damage and reactive oxygen to increase permeability
of mitochondrial outer membrane and release
cytochrome C into the cytoplasm. In the presence of
ATP, the cytochrome C is combined with apoptosis
protease-activating factor (Apaf-1) that is combined
with caspase recruitment domain and caspase-9
precursor to activate caspase-9, leading to activation
[14]
of caspase-3 and caspase-7 . Bcl-2 family, which
plays an important role in the mitochondrial pathway,
contains anti-apoptotic proteins including Bcl-2, BclXL and Mcl-1, and pro-apoptotic proteins such as
Bax, Bad and Bek, in which Bcl-2 and Bax are more
[16]
important proteins .
Previous studies have shown that GS can induce
human colon cancer HT-29 cells apoptosis through
decreasing expression of anti-apoptotic proteins
including Bcl-2, cIAP-1, cIAP-2 and increasing the Bid
[10]
protein expression . Moreover, GS has been found
to activate JNK signaling pathway in human prostate
cancer cells, which subsequently upregulates the Bcl-2
family members including Bax and Bak, leading to the
[18,19]
apoptosis of cancer cells
. Several studies have
indicated that GS enhanced the sensitivity of HCC cell
lines Hep3B and HepG2 to TRAIL-induced apoptosis via
[12,20,21]
ROS-dependent ER stress induction
. However,
it has not been determined whether GS has anti-HCC
effects through other signaling pathways, such as the
intrinsic mitochondrial pathway.
In this study, we investigated the anticancer effects
of GS-induced apoptosis in human HCC cells and
the underlying molecular mechanisms. Our results
demonstrated that GS induced HepG2 cell apoptosis
through regulating Bcl-2 and Bax expression levels.

MATERIALS AND METHODS
Reagents and antibodies

Z-guggulsterone (Z-GS) was purchased from ENZO
(United States) and was dissolved in dimethyl sul
foxide (DMSO) (Sigma-Aldrich, St Louis, MO) as a 16
mmol/L stock solution and stored at -20 ℃. Various
concentrations of Z-GS (0-100 μmol/L) were diluted in
serum free RPMI1640 medium (HyClone, Utah, United
States) with 0.5% (v/v) DMSO used as a vehicle
control. 0.25% (w/v) trypsase was obtained from
Hyclone (Utah, United States). The rabbit monoclonal
antibodies against Bcl-2, Bax and β-actin were
purchased from Santa Cruz Biotechnology (CA, United
States). Horseradish peroxidase conjugated goat antirabbit and goat anti-mouse secondary antibodies were
purchased from ABGENT Biotechnology (SD, United
States).

Cell lines and cell culture

Human HCC cell line HepG2 and the normal human
hepatic cell line L-02 were obtained from the
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Table 1 Primers used for real-time PCR analysis
Name
Bcl-2 (168 bp)
Bax (164 bp)
GAPDH (138 bp)

Forward primer (5’-3’)

Reverse primer (5’-3’)

TGTGTGGAGAGCGTCAAC
ATGCGTCCACCAAGAAGC
GCACCGTCAAGGCTGAGAAC

GGAGAAATCAAACAGAGGC
CCAGTTGAAGTTGCCGTC
TGGTGAAGACGCCAGTGGA

Experimental Center of Xi’an Jiaotong University. Cells
were cultured in RPMI1640 medium supplemented
with 10% (v/v) fetal bovine serum (FBS, HyClone,
Utah, United States), 100 U/ml penicillin (SigmaAldrich, St Louis, United States) and 100 μg/ml
streptomycin (Sigma-Aldrich) in a humidified atmos
phere of 95% (v/v) air and 5% (v/v) CO2 at 37 ℃.
Culture medium was changed every other day. When
cells covered 80%-90% of the bottom of culture
flasks, cell were washed twice with phosphate buffered
saline (PBS, 137 mmol/L NaCl, 2.7 mmol/L KCl, 4.3
mmol/L Na2HPO4, 1.4 mmol/L KH2PO4, pH 7.4) and
then were digested with 0.25% (w/v) trypsase. Cells
were harvested using RPMI1640 medium followed by
centrifugation at 1000 rpm for 10 min. Cells were resuspended in RPMI1640 medium and were plated in
appropriate plates at appropriate density and serumstarved for 24 h using serum free RPMI1640. Then the
cells were treated with RPMI1640 medium containing
various concentrations of Z-GS. After 24, 48 or 72 h of
culture, cells were harvested as usual.

with Tris-HCl buffer (10 mmol/L Tris-HCl, pH 7.5)
containing 1% (w/v) RNase A (Sigma-Aldrich) for 15
min, followed by incubation with propidium iodide
(PI, Sigma-Aldrich) for 15 min. Cell cycles were then
analyzed using a flow cytometer (CALIBUR, BD, United
States), and the outputs were processed using ModFit
LT2.0 software (Verity Software House, United States).

MTT assay

Real-time PCR analysis

Cell viability was tested using 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma[22]
Aldrich, St Louis, MO) assay as described previously .
Briefly, cells were plated in 96-well plates at a density
3
of 6 × 10 cells/well followed by starvation for 24 h
using serum free RPMI1640 culture medium. The
culture medium was then replaced with RPMI1640
medium containing various concentrations of Z-GS
(0-100 μmol/L). After 24, 48, and 72 h of culture,
20 μl of MTT solution (5 mg/ml) was added to each
well and cells were continuously cultured for 4 h.
Culture medium was then removed and 150 μl of
DMSO was added to each well. After shaking the
culture plates for 5 min, the solution was collected
and the optical density (OD) was measured using a
spectrophotometer (ND-1000, Thermo Fisher, United
States) at a wavelength of 570 nm. The cell viability
rate (%) was calculated as (ODtreated/ODcontrol) × 100%.

Cell cycle analysis

The logarithmic phase HepG2 cells and L-02 cells
5
were plated in 6-well plates at a density of 6 × 10
cells/well and incubated in a humidified atmosphere
of 95% (v/v) air and 5% (v/v) CO2 at 37 ℃ for 24 h.
Cells were then treated with 50 μmol/L and 75 μmol/L
Z-GS in RPMI1640 medium for 24 h. After washing
with cold PBS twice, cells were fixed in ice-cold 70%
(v/v) ethanol overnight at -20 ℃. Cells were treated
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Apoptosis assay

Cell apoptosis was determined using the Annexin
V-FITC and PI double staining (KaiJi, NanJing, China)
[22]
as previously described . Briefly, HepG2 cells and
5
L-02 cells were plated in 6-well plates at 6 × 10 cells/
well and treated with various concentrations of Z-GS
(0 μmol/L, 50 μmol/L and 75 μmol/L) for 24 h. Cells
were then harvested and stained with Annexin V-FITC
and PI in the cold binding buffer (50 mmol/L HEPES,
700 mmol/L NaCl, 12.5 mmol/L CaCl2, pH 7.4) for 15
min at room temperature in the dark. After washing,
cell apoptosis was analyzed using a flow cytometer
(CALIBUR, BD, United States).

Total RNA was extracted using Trizol reagent
[23]
(Invitrogen, United States) as described previously .
RNA (1 μg) was then used to synthesize com
plementary DNA (cDNA) with AMV Reverse Tran
scriptase (RT) kit (TAKARA, Japan) according to the
manufacturer’s protocols. The relative expression
of Bcl-2 and Bax was analyzed by quantitative realtime PCR with SYBR Premix Ex Taq Ⅱ kit (TAKARA,
Japan) with GAPDH as an internal control. The reaction
system contained 12.5 μl 2 × SYBR Ex Taq Ⅱ, 2 μl RNA
reaction, 1 μl each of forward and reverse primers and
8.5 μl sterile distilled water in a final volume of 25 μl.
The reaction was performed at 95 ℃ for one cycle for
30 s, 95 ℃ for 5 s and 60 ℃ for 60 s for 40 cycles, and
72 ℃ for 60 s. Table 1 shows all the primer sequences.
PCR products were run on 2% (w/v) agarose gels
(Sigma-Aldrich) and stained with ethidium bromide
(Sigma-Aldrich). RT-PCR outputs were detected using
Bio-Rad iQ5 software (CA, United States).

Western blot analysis

Bcl-2 and Bax protein expression was investigated
[23]
using Western blot analysis as described previously .
Briefly, cells were harvested and re-suspended in RIPA
lysis buffer [20 mmol/L Tris, 150 mmol/L NaCl, 1%
(v/v) Triton X-100, 1% (w/v) digestive phosphatase
inhibitors, 1% (w/v) protease inhibitors, 1% (w/v)
phenylmethyl sulfonylfluoride (PMSF), pH 7.5] (Sigma-
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Figure 1 Human L-02 and HepG2 cells show different cell viabilities in response to guggulsterone treatment. Cell viability in L-02 and HepG2 cells was
determined using MTT assay after incubation with 5, 10, 25, 50, 75 and 100 μmol/L guggulsterone, respectively, for 24 h. Guggulsterone significantly reduced cell
viability in both L-02 and HepG2 cells in a dose- and time-dependent manner (A). Same concentration of guggulsterone differently reduced cytotoxicity between L-02
and HepG2 cells (B). ap < 0.05 or bp < 0.01, vs the control group.

Aldrich). Protein concentration was determined using
BCA assay (Kangweishiji, BeiJing, China) according
to the manufacturer’s protocols. Equal amounts of
protein (30 μg/lane) were separated in a 10% (w/v)
sodium dodecyl sulfate-polyacrylamide (SDS-PAGE)
gel (Sigma-Aldrich), and were then electrotransferred
onto polyvinylidenedifluoride (PVDF) membranes
(Sigma-Aldrich). After blocking with 5% (w/v) bovine
serum albumin (BSA, Sigma-Aldrich) in Tris-buffered
saline (TBS, 0.1 mol/L, pH 7.4), membranes were
incubated with primary antibodies (1:1000 dilution)
overnight at 4 ℃. After washing, membranes were
incubated with horseradish peroxidase-conjugated
secondary antibodies (1:5000 dilution) for 1 h at
room temperature with agitation. All membranes were
detected using the ECL Western Blotting Kit Reagent
(Thermo Fisher, United States).

RESULTS

Cytokine detection

Effect of GS on cell cycle in human HepG2 and L-02
cells

Cell supernatants were collected from Z-GS treated
and untreated control cells and filtered through a
0.22 μm filter (Millipore, United States). The levels of
TGF-β1, TNF-α and VEGF in the culture medium were
determined using enzyme-linked immunosorbent
assay kit (ELISA, eBioscience, United States) according
to the manufacturer’s protocols.

Statistical analysis

Data are presented as mean ± SD, and were tested
for normality and equal variance. Student’s t-test or
one-way analysis of variance (ANOVA) plus Bonferroni’
s post-test was carried out using SPSS 15.0 software
(SPSS Inc., United States). P-values less than 0.05
were considered statistically significant.
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GS inhibits the viability of human HCC cells

Compared with the control group, the viability of
HepG2 and L-02 cells was significantly decreased in a
dose- and time-dependent manner in response to 5,
10, 25, 50, 75 and 100 μmol/L of GS for 24 h (Figure
1A). Interestingly, 25, 50, 75 and 100 μmol/L of GS
significantly reduced the HepG2 cell viability when
compared with that in the L-02 cells after 24 h of
treatment (Figure 1B), suggesting a less sensitivity to
GS in L-02 cells relative to HepG2 cells. Similar results
were revealed after 48 and 72 h of treatment (data
not shown). The half maximal inhibitory concentration
(IC50) of GS in HepG2 cells for 24 h was 75 μmol/L.
Therefore, 50 μmol/L and 75 μmol/L GS was used for
all subsequent experiments in HepG2 cells.

After treatment with 75 μmol/L of GS for 24 h, there
was an increase in G0/G1 fraction (62.88% ± 2.67%
vs 44.02% ± 1.07%) but decrease in G2/M fraction of
HepG2 cells (13.33% ± 1.84% vs 28.33% ± 1.25%)
in comparison with the untreated control cells (p <
0.05; Figure 2A). However, 50 μmol/L GS did not
induce a significant difference in cell cycle fractions in
HepG2 cells when compared with the control group (p
> 0.05; Figure 2A). Differently, neither 75 μmol/L nor
50 μmol/L of GS induced a significant alteration in L-02
cell cycle (p > 0.05; Figure 2B).

GS induces apoptosis of human HepG2 cells

After treatment with 50 μmol/L and 75 μmol/L
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Figure 2 Guggulsterone alters cell cycle in human HepG2 and L-02 cells. Human HepG2 (A) and L-02 cells (B) were treated with 0 μmol/L, 50 μmol/L and 75
μmol/L of GS for 24 h and the cell cycle was analyzed using flow cytometry, respectively. The histogram showed mean % of cell population in each phase of cell cycle.
a
p < 0.05 or bp < 0.01, vs the untreated control group.
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Figure 3 Guggulsterone induces apoptosis in human HepG2 and L-02 cells. Human HepG2 (A) and L-02 cells (B) were treated with 0 μmol/L, 50 μmol/L and
75 μmol/L of GS for 24 h and cell apoptosis was investigated using annexin V-FITC and PI. GS significantly increased HepG2 cell apoptosis in a dose-dependent
manner. bp < 0.01, vs the control group.
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Figure 4 Guggulsterone differently alters Bax and Bcl-2 expression in HepG2 cell. HepG2 (A and B) and L-02 cells (C and D) were treated with 0 μmol/L,
50 μmol/L and 75 μmol/L of GS for 24 and 48 h, respectively. Bax and Bcl-2 mRNA and protein levels were investigated using real-time PCR and Western blot,
respectively. ap < 0.05 or bp < 0.01, vs the control group.
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GS for 24 h, the percentages of apoptotic cells in
HepG2 cells were 24.91% ± 2.41% and 53.03% ±
2.28%, respectively, significantly higher than that
in the untreated control cells (5.18% ± 1.74, P <
0.01) (Figure 3A). However there was no significant
difference in L-02 cell apoptosis in response to 50
μmol/L and 75 μmol/L GS treatment (p > 0.05; Figure
3B).

GS induces apoptosis through activation of intrinsic
mitochondrial signaling pathway

There was a significant increase in Bax mRNA and
protein levels in HepG2 cells treated with 50 μmol/L
and 75 μmol/L GS for 24 and 48 h, respectively (Figure
4A). Differently, Bcl-2 mRNA and protein contents in
HepG2 cells were significantly reduced in response to
50 μmol/L and 75 μmol/L GS (Figure 4B). However,
neither 50 μmol/L nor 75 μmol/L induced significant
alterations in Bax (Figure 4C) or Bcl-2 expression
(Figure 4D) in L-02 cells (p > 0.05).

Effect of GS on TGF-β 1, TNF-α and VEGF cytokines

After treatment with 35, 50 and 75 μmol/L of GS for
24 h, TGF-β1 and VEGF levels in HepG2 cells were
significantly decreased when compared with the
control group (p < 0.01; Figure 5A and B). Differently,
TNF-α contents in HepG2 cells were significantly
increased in a dose-dependent manner in response
to the treatment with 35, 50 and 75 μmol/L of GS
when compared with the untreated cells (Figure 5C).
Interestingly, there was no significant difference in
TGF-β1 (Figure 5D), VEGF (Figure 5E) or TNF-α levels
(Figure 5F) in L-02 cells after treatment with 35, 50
and 75 μmol/L of GS for 24 h.

DISCUSSION
GS has been used as an anticancer agent due to its
cell proliferation inhibition and pro-apoptosis effects
[10,18]
in tumor cells
. However, whether GS can be used
in HCC treatment is still largely unknown. In this
study, the proliferation of HepG2 cells was significantly
inhibited by GS in a dose- and time-dependent
manner. More importantly, cell proliferation in normal
hepatic cell line L-02 was less affected by GS when
compared with HepG2 cells, suggesting that normal
hepatocytes are significantly more resistant to growth
inhibition by GS compared with HCC cells. Therefore,
we investigated whether GS treatment has a selective
activity to human HCC cells and normal liver cells by
conducting experiments on the effects of GS on cell
cycle and apoptosis of L-02, a normal human hepatic
cell line.
G0/G1 fractions of cell cycles were increased but
G2/M fractions were decreased in HepG2 cells in
response to treatment with GS, indicating that GS
arrested HepG2 cell cycle in G0/G1 phase, and thereby
inhibited HCC cell proliferation. The precise mechanism
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is not clear, however, previous studies performed
in other tumor cell types have illustrated that GS
regulates cell cycle via downregulated expression level
of cell cycle regulatory protein cyclin D1 and induced
WAF1/
expression of cyclin dependent kinase inhibitor P21
CIP1
[24,25]
and P27
.
Furthermore, we found that GS induced HepG2
cell apoptosis in a dose-dependent way, which is
[10,24,26]
also consistent with previous studies
. Our
further investigation indicated that GS increased Bax
but decreased Bcl-2 gene and protein expression in
HepG2 cells, illustrating that the intrinsic mitochondrial
pathway was involved in the pro-apoptosis effect of
GS. A variety of stress stimuli including growth factor
withdrawal, heat shock, and oxidative damage have
been shown to activate the apoptosis intrinsic or
[27-29]
mitochondrial pathway
. TGF-β is a multifunctional
cytokine involved in the regulation of apoptosis of
many cell types and is implicated in the pathogenesis
of human diseases, including carcinogenesis. The VEGF
family plays a pivotal role in tumor angiogenesis and is
[29-31]
responsible for solid tumor growth and metastasis
.
We therefore investigated the effects of GS on the
levels of TGF and VEGF which have been confirmed to
be involved in the HCC occurrence and development.
As expected, TGF-β1 and VEGF concentrations were
significantly decreased in response to the treatment
with GS in a dose-dependent manner, indicating that
these two growth factors may be negatively involved
in the HCC cell apoptosis. The underlying mechanism
is still unknown, however, previous studies have shown
that the low expression of their receptors on the cell
[32,33]
surface induced by GS may be involved
.
Accumulating evidence has suggested that GS
has chemopreventive and chemotherapeutic potential
for cancer treatment. Although the underlying
mechanisms are not fully understood, these studies
including ours clearly indicated that anticancer
activity of GS is associated with apoptosis induction.
Specifically, GS treatment of cancer cells induces the
alteration and regulation of Bcl-2 gene family proteins,
NF-κB signaling, MAPK pathways, farnesoid X receptor,
EGFR-STAT3 signaling, etc. However, these results are
largely from other cancer cell types. It is still largely
unknown whether GS has similar effects on HCC cells.
In the present study, for the first time, we showed
that GS treatment significantly inhibited cell growth,
induced cell cycle arrest and caused apoptotic cell
death in human HCC cells. Our results revealed a novel
anti-HCC mechanism of GS, in which the mitochondrial
pathway is involved in the GS induced apoptosis in
human hepatocarcinoma.
Interestingly, GS treatment did not induce a
significant cell cycle arrest and apoptosis in L-02 cells,
which may explain the reason why a normal human
hepatocyte cell line is more resistant to the growth
inhibition by GS as described above. Unsurprisingly,
our further investigation showed less alterations in
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Figure 5 Guggulsterone alters TGF-β1, TNF-α and VEGF levels in HepG2 and L-02 cells. HepG2 (A, B, and C) and L-02 cells (D, E, and F) were treated with 0,
35, 50 or 75 μmol/L of GS for 24 h, respectively. TGF-β1, TNF-α and VEGF levels in the culture medium were investigated using ELISA. ap < 0.05 or bp < 0.01, vs the
control group.

mitochondrial pathway protein bax and Bcl-2, as well
as growth factors/cytokines including TGF-β1, VEGF
and TNF-α levels in L-02 cells in response to the
treatment with GS. These results indicated that normal
hepatocytes are more resistant to the growth inhibition
by GS when compared with the HCC cells, which is
consistent to previous results in other cancer cell
[34]
types . The mechanism is largely unknown, however,
uncharacterized constituent(s) of GS may interact
additively or synergistically to inhibit the viability of the
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cancer cells.
In conclusion, we demonstrated that GS inhibited
the viability of human HCC cells by regulated cell
cycle, induced tumor cell apoptosis by activation of
the mitochondrial pathway, and decreased TGF-β1
and VEGF but increased TNF-α levels. These results
suggest that GS influences HCC phenotypes by
inhibiting cell proliferation, promoting cell death and
regulating carcinogenesis-related growth factors,
and therefore is a potential anticancer agent for the
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treatment of human HCC.
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Hepatocellular carcinoma (HCC) is the fifth most prevalent cancer and the
second leading cause of tumor mortality worldwide. Guggulsterone (GS) is a
phytosterol extracted from the gum resin of guggul plants that shows strong
antioxidant, anti-inflammatory, hypolipidemic and hypocholestremic properties,
and has been used for treatment of several malignant diseases. Apoptosis
is known as programmed cell death, which is associated with a distinct set
of signaling pathways including the intrinsic mitochondrial pathway and the
extrinsic death receptor pathway. Previous studies have shown that GS can
induce cancer cell apoptosis through activation of the extrinsic death receptor
pathway. However, it has not been determined whether GS has anti-HCC
effects through other signaling pathways, such as the intrinsic mitochondrial
pathway.

7

8

9

Research frontiers

Due to the strong antioxidant, anti-inflammatory, hypolipidemic and
hypocholestremic properties of GS, it has been used for treatment of several
malignant diseases including HCC. Pro-apoptotic effect of GS has been found
to play a pivotal role in its anti-carcinogenic mechanisms, however, its precise
mechanism is not fully understood. Therefore, the relationship between GS and
cell apoptosis becomes an important research area in this field.

10

Innovations and breakthroughs
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In this study, the authors demonstrated that GS inhibited the viability of human
HCC cells by regulated cell cycle, induced tumor cell apoptosis by activation of
the mitochondrial pathway, and decreased TGF-β1 and VEGF but increased
TNF-α levels. These results suggest that GS influences HCC phenotypes by
inhibiting cell proliferation, promoting cell death and regulating carcinogenesisrelated growth factors, and therefore is a potential anticancer agent for the
treatment of human HCC. This is the first systematical study demonstrating that
GS induces HCC cell apoptosis through activation of the mitochondrial pathway,
and evidence shown here expands our knowledge of the precise mechanism
how GS inhibits HCC development.
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Applications

The study results suggest that GS induces HCC apoptosis and could be a
potential treatment drug for this commonly prevalent tumor in humans in the
future.
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Other reports have shown that GS is pro-apoptotic and modulates various
genes. These authors show that GS arrested HepG2 cycle at G0/G1 phase.
Bax mRNA was increased together with other changes, suggesting that the
intrinsic mitochondrial pathway is involved in GS effects. The study indicates
that GS is a potential anticancer therapy for HCC.
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Abstract
AIM: To investigate the expression of mast cell
tryptase and carboxypeptidase A in drug-related fatal
anaphylaxis.
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METHODS: The expression of mast cell tryptase
and carboxypeptidase A in 15 autopsy cases of drugrelated fatal anaphylaxis and 20 normal autopsy
cases were detected. First, the expression of mast cell
tryptase was determined in stomach, jejunum, lung,
heart, and larynx by immunofluorescence. Different
tissues were removed and fixed in paraformaldehyde
solution, then paraffin sections were prepared for
immunofluorescence. Using specific mast cell tryptase
and carboxypeptidase A antibodies, the expression of
tryptase and carboxypeptidase A in gastroenterology
tract and other tissues were observed using fluorescent
microscopy. The postmortem serum and pericardial
fluid were collected from drug-related fatal anaphylaxis
and normal autopsy cases. The level of mast cell
tryptase and carboxypeptidase A in postmortem serum
and pericardial fluid were measured using fluor enzyme
linked immunosorbent assay (FEIA) and enzyme linked
immunosorbent assay (ELISA) assay. The expression
of mast cell tryptase and carboxypeptidase A was
analyzed in drug-related fatal anaphylaxis cases and
compared to normal autopsy cases.
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RESULTS: The expression of carboxypeptidase A
was less in the gastroenterology tract and other
tissues from anaphylaxis-related death cadavers than
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normal controls. Immunofluorescence revealed that
tryptase expression was significantly increased in
multiple organs, especially the gastrointestinal tract,
from anaphylaxis-related death cadavers compared
to normal autopsy cases (46.67 ± 11.11 vs 4.88 ±
1.56 in stomach, 48.89 ± 11.02 vs 5.21 ± 1.34 in
jejunum, 33.72 ± 5.76 vs 1.30 ± 1.02 in lung, 40.08
± 7.56 vs 1.67 ± 1.03 in larynx, 7.11 ± 5.67 vs 1.10 ±
0.77 in heart, P < 0.05). Tryptase levels, as measured
with FEIA, were significantly increased in both sera
(43.50 ± 0.48 μg/L vs 5.40 ± 0.36 μg/L, P < 0.05)
and pericardial fluid (28.64 ± 0.32 μg/L vs 4.60 ±
0.48 μg/L, P < 0.05) from the anaphylaxis group in
comparison with the control group. As measured by
ELISA, the concentration of carboxypeptidase A was
also increased more than 2-fold in the anaphylaxis
group compared to control (8.99 ± 3.91 ng/mL vs 3.25
± 2.30 ng/mL in serum, 4.34 ± 2.41 ng/mL vs 1.43 ±
0.58 ng/mL in pericardial fluid, P < 0.05).
CONCLUSION: Detection of both mast cell tryptase
and carboxypeptidase A could improve the forensic
identification of drug-related fatal anaphylaxis.
Key words: Gastrointestinal tract; Drug-related fatal
anaphylaxis; Forensic Pathology; Mast cell carboxy
peptidase A; Mast cell tryptase
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Drug-related fatal anaphylaxis is occasionally
encountered in forensic pathology routine. However,
markers in the identification of drug-related fatal
anaphylaxis still need further exploration. This study
identified two important markers in drug-related fatal
anaphylaxis, tryptase and carboxypeptidase A, which
may improve postmortem diagnosis of anaphylaxis in
medicolegal expertise.

general disease, intoxication, and violent death should
be excluded first, and then exposure to allergen and
clinical symptoms are evaluated in combination to
[2,6]
identify anaphylaxis
. Therefore, exploration of
novel, precise methods for anaphylaxis identification
could be important in routine forensic pathology.
Drug-induced anaphylaxis can be initiated by
binding of foreign drugs to specific immunoglobulin
[7,8]
E (IgE) on mast cells
. Subsequently, various
kinds of mediators are secreted from the mast cells,
[7,9,10]
thereby inducing anaphylaxis
. Tryptase is a serine
protease mainly stored in the granules of mast cells
[11]
that is released at the onset of anaphylaxis . Several
studies have reported that serum tryptase levels
may be a reliable indicator of anaphylaxis because of
its long serum half-life compared to other secreted
[11-13]
mediators
. However, the normal value of tryptase
varies in different countries. Thus, more a more precise
standard should be determined. Another chemical
mediator, mast cell carboxypeptidase A, has been
the focus of postmortem diagnosis of anaphylaxis.
Carboxypeptidase A is a secreted protease that may be
released following activation of mast cells to mediate
[14,15]
acute anaphylaxis
.
Therefore, we determined whether the level of
carboxypeptidase A or a combination of carboxy
peptidase A and tryptase could be meaningful in the
postmortem diagnosis of anaphylaxis. In this study,
the expression of tryptase and carboxypeptidase
A in multiple organs of cadavers was detected by
immunofluorescence. Fluor enzyme linked immuno
sorbent assay (FEIA) and enzyme linked immuno
sorbent assay (ELISA) were used to measure the level
of tryptase and carboxypeptidase A in postmortem
serum and pericardial fluid, respectively.

MATERIALS AND METHODS
Immunofluorescence of tryptase in different tissues

Guo XJ, Wang YY, Zhang HY, Jin QQ, Gao CR. Mast cell
tryptase and carboxypeptidase A expression in body fluid
and gastrointestinal tract associated with drug-related fatal
anaphylaxis. World J Gastroenterol 2015; 21(47): 13288-13293
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i47/13288.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i47.13288

INTRODUCTION
Drug-induced anaphylaxis, also called allergic shock,
is an immunologically mediated event that occurs
after drug exposure in sensitized individuals and could
[1-3]
lead to death . However, postmortem diagnosis of
anaphylaxis is difficult in medicolegal expertise. There
was less different clinical symptom and pathological
morphologic change between fatal anaphylaxis and
[4,5]
general sudden death . In current autopsy cases,

WJG|www.wjgnet.com

During autopsy, the stomach, jejunum, lung, heart,
and larynx were removed, fixed, and embedded
in paraffin for preparation of sections. Immuno
fluorescence was performed as previously described
[16]
with minor alterations . Briefly, mouse anti-human
mast cell tryptase, mouse anti-human carboxy
peptidase A, and rabbit anti-mouse IgG-TRITC
(Santa Cruz, Dallas, TX, United States) were used
to detect tryptase in different organs. The sections
were observed using fluorescence microscopy (BX61,
Olympus, Tokyo, Japan). Ten random visual fields
were imaged per section and the number of tryptasepositive cells was counted. All experiments were
approved by the Ethics Committee of Shanxi Medical
University.

Quantification of tryptase and carboxypeptidase A levels
in serum and pericardial fluid
Blood was collected from the right cardiac cavity and
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Jejunum

Heart

Lung

Larynx

Anaphylaxis

Control

Stomach

Figure 1 Immunofluorescence staining of tryptase in different organs. Scale bar = 200 μm.

17.0 software (Palo Alto, California, United States).

Table 1 Number of tryptase-positive particles in the
anaphylaxis and control groups
Control (× 100)
Stomach
Jejunum
Lung
Larynx
Heart

4.88 ± 1.56
5.21 ± 1.34
1.30 ± 1.02
1.67 ± 1.03
1.10 ± 0.77

RESULTS

Anaphylaxis (× 100)

The expression of tryptase in different organs of
anaphylaxis cadaver

1

46.67 ± 11.11
48.89 ± 11.021
33.72 ± 5.761
40.08 ± 7.561
7.11 ± 5.671

1

Denotes significant difference vs control, P < 0.05, n = 10.

centrifuged. The serum and pericardial fluid were
stored at -80 ℃ until use. Samples from 35 autopsy
cases were measured. The causes of death in the
anaphylaxis group (15 cases, 10 male, five female)
included three of penicillin, three of ceftriaxone, three
of levofloxacin, five of lomefloxacin via intravenous
drip, and one of ibuprofen via oral administration.
Anaphylaxis was diagnosed by clinical features, where
the anaphylaxis symptoms occurred in all cases within
30 min. All postmortem autopsies were performed
within 72 h. For the control group, 20 cases without
allergic reaction, craniocerebral injury, coronary heart
disease, and recreational drug use were selected.
The level of tryptase in serum and pericardial fluid
was measured by a commercial FEIA kit (Pharmacia
Diagnostics, Uppsala, Sweden). Carboxypeptidase A
levels were determined using an ELISA kit (Huamei
Bio, Wuhan, China) according to the manufacturer’s
instructions.

Statistical analysis

Data were expressed as mean ± SE, and a student’t
test was used to compare differences between groups.
P < 0.05 was considered statistically significant.
Statistical analysis was performed using SPSS version
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Immunofluorescence was performed to detect the
expression of carboxypeptidase A and tryptase
in different organs. Less carboxypeptidase A was
expressed in tissues from anaphylaxis cadaver than
control (data not shown). Next, the expression of
tryptase was detected in different organs. As shown
in Figure 1, multiple tryptase-positive particles
were observed in the mucous layer, with less in the
muscular layer of the stomach and jejunum, from
anaphylaxis cadaver. In contrast, the expression of
tryptase was less in tissues from the control group. We
also detected the expression of tryptase in some other
tissues. Tryptase was observed in the bronchia wall
and the small vessel wall in the lung, the small vessel
wall in the submucosa of the larynx, and the periphery
mesenchyme of the small vessels in the heart (Figure
1 and Table 1).

Determination of tryptase and carboxypeptidase A in
postmortem serum and pericardial fluid

We examined tryptase in the sera and pericardial fluid
from 15 autopsy cases who died of anaphylaxis and 20
control cases. The levels of tryptase were significantly
increased in both sera and pericardial fluid from the
anaphylaxis group in comparison with control group
(Table 2). The concentrations of carboxypeptidase A
were increased more than 2-fold in the anaphylaxis
group compared to the control group (Table 3). Taken
together, our results suggested that both tryptase and
carboxypeptidase A were increased in drug-related
fatal anaphylaxis.
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Table 2 Expression of tryptase in serum and pericardial fluid

Control
Anaphylaxis

n

Serum (μg/L)

Pericardial fluid (μg/L)

20
15

5.40 ± 0.36
43.50 ± 0.481

4.60 ± 0.48
28.64 ± 0.321

1

Denotes significant difference vs control, P < 0.05.

Table 3 Expression of carboxypeptidase A in serum and
pericardial fluid

Control
Anaphylaxis

n

Serum (ng/mL)

Pericardial fluid (ng/mL)

20
15

3.25 ± 2.30
8.99 ± 3.911

1.43 ± 0.58
4.34 ± 2.411

1

Denotes significant difference vs control, P < 0.05.

DISCUSSION
Drug-induced fatal anaphylaxis is frequently en
countered in medicolegal expertise. Some current
indicators of anaphylaxis, including IgE and histamine,
[17-19]
lack specify or stability
. Compared to other
secreted mediators, tryptase and carboxypeptidase
A have a long half-life in vivo, which led to the
speculation that these two proteases may be superior
indicators for the postmortem diagnosis of ana
[20,21]
phylaxis
. In the present study, we measured the
levels of mast cell tryptase and carboxypeptidase A in
postmortem serum and pericardial fluid. Schwartz et
[22]
al
had reported that the concentration of tryptase
increased rapidly after allergic shock and that it could
be detected up to 4 d in autopsy. Moreover, the
severity of the allergic reaction was shown to be highly
[13,23,24]
related to tryptase level
. Although the standard
of serum tryptase is different in normal adults among
countries, a tryptase value greater than 10 μg/L
[25,26]
can be considered abnormal
. We found that the
level of tryptase in the serum from the anaphylaxis
group was 8-fold higher than control. Meanwhile, this
value in the pericardial fluid was 6-fold greater in the
anaphylaxis group than control. These results were
consistent with previous findings suggesting that
tryptase may be a specific marker in the postmortem
diagnosis of anaphylaxis. However, it has also been
reported that serum tryptase levels are increased in
patients with coronary heart disease, mastocytosis
[27-30]
patients, and some drug abusers
. Therefore, these
causes of mortality should be excluded before making
a diagnosis of anaphylaxis.
Another chemical mediator secreted from mast cells,
carboxypeptidase A (also known as carboxypeptide A3,
CPA3), was increased in allergic reactions, which was
[31,32]
positively correlated to chymases
. As shown for
tryptase, carboxypeptide was also highly expressed in
[33,34]
the epithelium of asthma patients
. We confirmed
that the level of carboxypeptidase A increased
significantly in both postmortem serum and pericardial
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fluid from anaphylaxis cadavers compared with control.
Although there was less in depth investigation of
carboxypeptide levels in the postmortem serum from
anaphylaxis cases, we speculate that the alteration
of carboxypeptide was also meaningful. Measuring
both carboxypeptide and tryptase could improve the
postmortem diagnosis of anaphylaxis. Furthermore,
determining levels of these mediators from the
pericardial fluid in the closed serous cavity would help
to avoid possible contamination after death.
During medicolegal expertise, the detection of
indicators often occurs long after death, making it
increasing difficult to obtain the serum or pericardial
fluid samples. Therefore, determining the expression
of chemical markers in different organs from the
cadavers is important. Although carboxypeptidase A
was expressed less in tissues from both normal and
anaphylaxis cadaver, the expression of tryptase in
stomach, jejunum, lung, heart, and larynx from the
drug-induced anaphylaxis group was significantly
greater than the control group.
In conclusion, the expression of mast cell tryptase
and carboxypeptidase A in body fluid and postmortem
organs, especially gastrointestinal tract, could be
meaningful in the identification of drug-related fatal
anaphylaxis. Taken together with immunofluorescent
identification, measurement of serum mast cell-specific
tryptase and carboxypeptidase A levels might be a
novel precise method that could improve postmortem
diagnosis of anaphylaxis in medicolegal expertise. In
addition, the detection of tryptase level in postmortem
organs could also be meaningful in cases where it is
difficult to collect serum/pericardial fluid due to the
advanced state of decay during medicolegal expertise.
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Abstract
AIM: To examine the quality of surgical care and longterm oncologic outcome after D2 gastrectomy for
gastric cancer.
METHODS: From 1999 to 2008, a total of 109 con
secutive patients underwent D2 gastrectomy without
routine pancreaticosplenectomy in a multimodal setting
at our institution. Oncologic outcomes together with
clinical and histopathologic data were analyzed in
relation to the type of surgery performed. Staging was
carried out according to the Union for International
Cancer Control criteria of 2002. Patients were followedup for five years at the outpatient clinic. The primary
measure of outcome was long-term survival with the
quality of surgery as a secondary outcome measure.
Clinical data were retrospectively collected from the
patient records, and causes of death were obtained
from national registries.
RESULTS: A total of 109 patients (58 men) with
a mean age of 67.4 ± 11.2 years underwent total
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gastrectomy or gastric resection with D2 lymph
node dissection. The tumor stage distribution was as
follows: stage Ⅰ, (27/109) 24.8%; stage Ⅱ, (31/109)
28.4%; stage Ⅲ, (41/109) 37.6%; and stage Ⅳ,
(10/109) 9.2%. Forty patients (36.7%) received
chemotherapy or chemoradiotherapy. The five-year
overall survival rate for all 109 patients was 45.0%,
and was 47.1% for the 104 patients treated with
curative R0 resection. The five-year disease-specific
survival rates were 53.0% and 55.8%, respectively.
In a multivariate analysis, body mass index and
tumor stage were independent prognostic factors for
overall survival (both P < 0.01), whereas body mass
index, tumor stage, tumor site, Lauren classification,
and lymph node invasion were prognostic factors for
cancer-specific survival (all P < 0.05). Postoperative
30-d mortality was 1.8% and 30-d, surgical (including
three anastomotic leaks, two of which were treated
conservatively), and general morbidities were 26.6%,
12.8%, and 14.7%, respectively.
CONCLUSION: D2 dissection is a safe surgical option
for gastric cancer, providing quality surgical care and
long-term oncologic outcomes that are in line with
current Western standards.
Key words: Gastric cancer; Quality of care; Survival;
Gastric surgery; Clinical practice
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric cancer remains one of the most lethal
malignancies worldwide. Although radical surgery
with adequate lymphadenectomy is the cornerstone
of curative treatment, whether D2 lymphadenectomy
is applicable in Western hospitals is not clear, despite
the low reported morbidity and mortality rates and
survival benefit. This single-center study of 109 pati
ents demonstrates that D2 lymphadenectomy can be
performed with relatively low mortality (1.8%) and
morbidity (26.6%). Five-year survival rates were 45.0%
(overall) and 53.0% (disease-specific). Therefore, D2
gastrectomy can be considered as a safe surgical option
for gastric cancer.
Mrena J, Mattila A, Böhm J, Jantunen I, Kellokumpu I. Surgical
care quality and oncologic outcome after D2 gastrectomy for
gastric cancer. World J Gastroenterol 2015; 21(47): 13294-13301
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i47/13294.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i47.13294

MATERIALS AND METHODS

INTRODUCTION
Gastric cancer is the sixth most common cancer
and the third leading cause of cancer-related death
[1,2]
worldwide . The cornerstone of treatment involves
adequate surgery, though it is not curative, as most
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patients present with advanced disease. As nodal
involvement is indicative of a poor prognosis, more
aggressive surgical approaches with lymph node
[3]
removal have gained popularity . D2 lymph node
dissection is currently the gold standard in gastric
cancer surgery in Asia with regard to long-term
[4]
survival and local recurrence . In the Western world,
however, the role of D2 lymphadenectomy for the
[5,6]
treatment of gastric cancer is controversial .
Large European randomized studies report higher
mortality and morbidity with no survival benefit
from D2 dissection with splenic and/or pancreatic
[7,8]
resection compared to D1 dissection . However,
an Italian study found similar rates of postoperative
complications (18% vs 12%) and mortality (2% vs
3%) when comparing D2 (with preservation of the
[9]
spleen and pancreas) and D1 dissections . Another
small single-center randomized trial comparing D1
and D3 (current D2) dissections showed a better
overall survival after D2/3 dissection, but no significant
[10]
difference in disease-specific survival . Finally, a
Japanese randomized trial showed that extended D2
dissection with removal of para-aortic lymph nodes
did not improve survival compared with standard D2
[11]
dissection .
D2 lymphadenectomy with preservation of the
spleen and pancreas is now regarded as the standard
surgical technique for locally advanced gastric cancer.
Patient outcome has been further improved by the
centralization of procedures to experienced high[12]
volume units and the use multimodal treatments ,
such as chemotherapy and/or radiotherapy. An
[13]
American study using postoperative chemoradiation
and European studies using pre- and postoperative
[14,15]
chemotherapy
have shown improved survival
with adjuvant therapies. Furthermore, a recent metaanalysis showed that adjuvant chemotherapy based
on 5-fluorouracil (FU) regimens was associated with
[16]
improved survival compared to surgery alone .
However, whether to use pre- and postoperative
chemotherapy, postoperative chemoradiotherapy, or
adjuvant chemotherapy remains unclear.
Due to the availability of multiple individually
tailored treatment options, it is important to monitor
the quality of care, which also affects outcomes. In
Finland, for example, there is no national quality audit
for gastric cancer. Therefore, the aim of this study
was to assess the long-term oncologic outcome and
quality of surgical care for patients who underwent
D2 gastrectomy at our institution between 1998 and
2008.

Patients

This study examined 109 consecutive patients with
histologically proven gastric adenocarcinoma that
underwent D2 gastrectomy with curative intent at
the Central Hospital of Central Finland in Jyväskylä
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surgeons on the bench in the operating room in a
standardized fashion following the JRSGC classification
[17]
system . R0 gastric resection was defined by the
following parameters: negative resection margins,
en bloc resection of adherent organs, and en bloc
resection of the greater and lesser omentum.
Perioperative care during the study period included
the assessment and optimization of medical risk
factors, thromboprophylaxis with low-molecular-weight
heparin and elastic stockings, prophylactic antibiotics,
standard anesthesia with epidural analgesia, avoidance
of hypothermia, and increased oxygen concentrations.
Nasogastric tubes were removed in the operation
theatre.

Table 1 Baseline characteristics (n = 109)
Characteristic
Male gender
Body mass index (kg/m2), mean (SD)
ASA score Ⅲ-Ⅳ
Tumor site
Upper
Middle
Lower
All levels
UICC tumor stage

n (%)
51 (46.8)
25.6 (4.9)
67 (61.5)
21 (19.3)
43 (39.4)
38 (34.9)
7 (6.4)
27 (24.8)
31 (28.4)
41 (37.6)
10 (9.2)

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Tumor type
Intestinal
Diffuse
Mixed
Lymph node invasion
No
Yes
Type of surgery
Total gastrectomy
Subtotal gastric resection
D2-lymph node dissection
Splenectomy
Cholecystectomy
Additional organ resection due to cancer invasion
Radicality
R0
Neoadjuvant/adjuvant treatment
No
Neoadjuvant chemoradiotherapy
Adjuvant chemotherapy
Adjuvant chemoradiotherapy

50 (45.9)
56 (51.4)
3 (2.8)

Pathology

Tumors were staged by pathologists according to the
2002 Union for International Cancer Control/Tumor[18]
node-metastasis categories . Lymph node ratios
were defined as the proportion of metastatic lymph
nodes from the total number studied, and classified
as follows: ratio, 0%, 1%-9%, 10%-25%, and >
[19]
25% . The histopathologic tumor type was evaluated
[20]
according to Lauren classification .

45 (41.2)
64 (58.7)
103 (94.5)
6 (5.5)
109 (100)
48 (44.0)
19 (17.4)
10 (9.2)

Neoadjuvant treatment and adjuvant chemotherapy

104 (95.4)
69 (63.3)
2 (1.8)
26 (23.9)
12 (11.0)

ASA: American Society of Anesthesiologists; UICC: Union for
International Cancer Control.

between January 1998 and December 2008. Pre
operative diagnosis and staging was performed via
endoscopy and thoracoabdominal CT; laparoscopic
staging was not routinely conducted during the
study period. Clinical and follow-up patient data were
collected retrospectively. Patients who underwent
other surgical procedures (D1 dissection or palliative
resections) were excluded. The study was approved by
the ethics committee of the Central Hospital of Central
Finland.

Surgical treatment

D2 lymph node dissections were conducted by senior
upper gastrointestinal surgeons who also performed
hepatobiliary and pancreatic surgeries. Resection
of the pancreas was performed only when invasion
by the gastric cancer was suspected. Indications
for splenectomy were gastric carcinomas of the
greater curvature in the upper and middle part of the
stomach. Cholecystectomy was performed routinely,
and additional organ resections were performed
when deemed appropriate. The nodal dissection of
the removed surgical specimen was performed by

WJG|www.wjgnet.com

A selective approach for neoadjuvant and adjuvant
oncologic treatments was used. Adjuvant postoperative
chemotherapy consisted of FU-based regimens
combined with epirubicin and cisplatin or oxaliplatin.
Chemoradiotherapy (40-45 Gy and FU or capecitabine)
was generally used in the postoperative setting, but
two patients received preoperative chemoradiation
(Table 1). None of the patients had perioperative
[14,15]
chemotherapy
.

Follow-up

Patients were followed at the surgical outpatient
clinic every six months for two years, and then
once a year for up to five years from the operation.
Tumor recurrence was defined as a recurrent tumor
in the tumor bed or distant organs and diagnosed
by CT, magnetic resonance imaging, or endoscopy.
Histopathologic confirmation was not mandatory. The
end of follow-up was June 30, 2014. The causes of
death were obtained from the National Cause of Death
Registry.

Statistical analysis

Statistical analyses were conducted using SPSS
(version 15.0 for Windows; SPPS Inc., Chicago, IL,
United States) and STATA (version 11; StatCorp LP,
College Station, TX, United States) software. Results
are given as mean ± SD or median (interquartile
2
range). Pearson’s χ or Fisher’s exact tests were used
to compare frequencies, and Student’s t and MannWhitney U tests were used for continuous variables.
The Kaplan-Meier method was used to calculate the
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37.3%-56.3%) and 34.5% (95%CI: 25.1%-44.0%)
and disease-specific survival rates were 55.8%
(95%CI: 45.2%-65.2%) and 50.3% (95%CI:
39.5%-60.2t), respectively. For tumor stages Ⅰ,
Ⅱ, and Ⅲ, the five-year overall survival rates were
81.5% (95%CI: 61.1%-91.8%), 61.3% (95%CI:
40.5%-74.0%), and 17.1% (95%CI: 7.3%-29.3%)
(Figure 1), and disease-specific survival rates were
95.8% (95%CI: 73.9%-99.4%), 63.8% (95%CI:
44.2%-78.1%), and 22.6% (95%CI: 10.4%-37.7%),
respectively.
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Figure 1 Overall survival rates by tumor stage.

survival, and the differences between groups were
compared with the log-rank test. Survival times were
calculated from the date of surgery until the time of
death or the end of follow-up. Factors affecting survival
were analyzed with univariate and multivariate Cox
proportional hazards regression models; only variables
with P < 0.20 were entered in the multivariate analysis.
All statistical tests were two-sided, with a P < 0.05
considered as statistically significant.

RESULTS
Baseline characteristics

Baseline patient and tumor characteristics are shown
in Table 1. A total of 109 patients with a mean age of
67.4 ± 11.2 years (median, 69 years; range: 59-77
years) underwent total gastrectomy or subtotal gastric
resection with D2 lymph node dissection; 5/109
(4.6%) patients had residual microscopic disease
upon histopathologic examination. Ten patients
received multivisceral resections for locally invasive or
metastatic disease, including resection of the colon (n
= 2), pancreas (n = 1), liver (n = 1), esophagus (n =
2), kidney (n = 2), and ovaries (n = 2).

Survival

The overall median follow-up time was 3.3 (1.5-5.1)
years, and 9.1 (7.9-12.3) years for the 37 surviving
patients. No patients were lost to follow-up. The
five- and 10-year overall survival rates were 45.0%
[95%CI: 35.5%-54.0%] and 32.9% (95%CI:
23.9%-42.2%), respectively. The five- and 10-year
disease-specific survival rates were 53.0% (95%CI:
42.7%-62.3%) and 47.8% (95%CI: 37.4%-57.5%).
For the 104 patients with R0 resection, the five- and
10-year overall survival rates were 47.1% (95%CI:
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Univariate and multivariate analyses were performed
to identify prognostic factors of overall and cancerspecific survival. The results of the univariate analysis
are shown in Table 2. In the multivariate analysis,
body mass index (BMI) and tumor stage were the
independent prognostic factors of overall survival (both
P < 0.01), and BMI, tumor stage, tumor site, lymph
node invasion, and Lauren’s classification (intestinal vs
diffuse) were independent prognostic factors of cancerspecific survival (all P < 0.05). Of note, significantly
more patients with BMI < 25 had metastatic lymph
nodes than those with BMI > 25 (67.9% vs 49.1%, P
< 0.05).

Quality of surgical care

The parameters reflecting the quality of care are shown
in Table 3. Overall 30-d mortality was 1.8%, including
one death from cerebral stroke and one from severe
pneumonia. The overall complication rate was 26.6%
(29/109) with 12.8% surgical and 14.7% general
morbidity rates. The 30-d reoperation rate was 3.7%
due to postoperative hemorrhage (n = 1), pleural
empyema (n = 1), esophagojejunal anastomotic leak
in a cirrhotic patient (n = 1), and colon obstruction
(n = 1). The median postoperative hospital stay was
10 (8-12) d. Seven patients had a late reoperation
because of bowel obstruction caused by locoregional
recurrence or intra-abdominal carcinosis.

DISCUSSION
The treatment of gastric cancer is complex and
has evolved from surgical management to a multi
[12]
disciplinary model . Consequently, overall fiveyear survival rates across all tumor stages range
from 33%-47% as reported in European randomized
[7,8]
trials . In the present cohort of patients undergoing
D2 gastrectomy for gastric cancer without routine
pancreaticosplenectomy and multimodal treatment,
the five-year overall and cancer-specific survival rates
were 45% and 53%, and slightly higher, at 47% and
56%, respectively, for those having R0 resection. Asian
studies have reported higher survival rates ranging
from 59% up to 70% depending on the extent of
lymphadenectomy, with minor survival benefit gained
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Table 2 Univariate analyses of prognostic factors for five-year survival (n = 109)
Variables

OS
Events/patients

Age (yr)
< 60
60-75
> 75
Sex
Male
Female
BMI (kg/m2)
< 25
> 25
ASA
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Operation type
D2
D2 + splenectomy
D2 + adjacent organ resection
Radicality
R0
R1
Neoadjuvant/adjuvant therapy
No
Neoadjuvant
Adjuvant
Tumor site
Upper third
Middle third
Lower third
All levels
Tumor stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Lauren classification
Intestinal
Diffuse2
Lymph node invasion
No
Yes
Lymph node ratio (%)
0
1-9
10-25
> 25

DSS

HR (95%CI)

P value

Events/patients

HR (95%CI)

13/29
23/47
15/33

1
1.22 (0.62-2.42)
1.23 (0.54-2.79)

26/51
25/58

1
0.89 (0.51-1.54)

33/56
18/53

1
0.47 (0.27-0.84)

22/42
29/67

1
0.80 (0.46-1.39)

20/51
24/48
7/10

1
1.44 (0.81-2.56)
3.67 (1.25-10.80)

46/104
5/5

1
4.43 (1.69-11.59)

20/69
1/2
30/38

1
1.53 (0.21-11.40)
3.55 (2.01-6.28)

8/21
15/43
21/38
7/7

1
0.95 (0.40-2.25)
1.54 (0.68-3.48)
4.74 (1.70-13.23)

4/38
12/27
26/34
9/10

1
5.96 (1.92-18.50)
15.34 (5.30-44.38)
30.67 (9.17-102.65)

0.151

0.721

16/29
31/47
25/33

1
1.33 (0.73-2.44)
1.59 (0.85-2.97)

34/51
38/58

1
1.05 (0.66-1.67)

43/56
29/53

1
0.56 (0.35-0.90)

25/42
47/67

1
1.13 (0.70-1.85)

27/51
38/48
7/10

1
1.59 (0.97-2.61)
1.80 (0.78-4.16)

67/104
5/5

1
3.18 (1.24-8.14)

41/69
1/2
30/38

1
0.75 (0.10-5.48)
1.82 (1.13-2.93)

14/21
26/43
25/38
7/7

1
0.91 (0.48-1.75)
1.04 (0.54-2.01)
2.87 (1.14-7.21)

13/38
19/27
31/34
9/10

1
2.98 (1.47-6.05)
5.99 (3.09-11.62)
10.15 (4.18-24.66)

34/50
38/59

1
1.11 (0.66-1.77)

18/50
33/59

1
1.87 (1.05-3.33)

20/45
52/64

1
2.90 (1.72-4.89)

9/45
42/64

1
4.95 (2.40-10.23)

20/45
9/15
16/20
27/29

1
1.88 (0.85-4.14)
2.69 (1.37-5.28)
3.74 (2.09-6.70)

9/45
7/15
12/20
23/29

1
3.03 (1.12-8.16)
4.11 (1.70-9.95)
7.00 (3.22-15.20)

0.83

0.67

0.02

0.01

0.61

0.43

0.05

0.02

0.021

0.071

< 0.011

P value

0.041

< 0.01

0.66

< 0.011

< 0.011

0.031

0.03

< 0.01

< 0.011

< 0.01

1

P for linearity; 2Three mixed type tumors included. ASA: American Society of Anesthesiologists; BMI: Body mass index; DSS: Disease-specific survival; HR:
Hazard ratio; OS: Overall survival.

by D3 or D4 lymphadenectomy compared with less
[10,11,21]
radical dissection
.
Variability in survival rates among studies may, in
part, depend upon tumor stage distribution, use of
neoadjuvant and adjuvant treatments, and differences
in the quality of the surgical care. The reported fiveyear survival rates for curative surgical resection
ranges from 60%-90% for patients with stage Ⅰ,
30%-50% for patients with stage Ⅱ disease, and
[22]
10%-25% for patients with stage Ⅲ disease , which
is in line with what was observed in the present study.
The results indicate that tumor stage and a BMI <
25 are predictive of overall survival, with additional
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factors of tumor site, Lauren classification, and lymph
node invasion predictive of cancer-free survival.
Although the lymph node ratio is a prognostic tool that
can be used to stratify patients with gastric cancer
undergoing limited lymph node dissection and to
[19]
reduce stage migration , this was only a significant
prognostic factor for survival in the univariate, but not
multivariate, analysis in the present study.
Data from Asian studies show that D2 dissection
provides better survival rates compared with D1
[10,11,21]
dissection
, and that a more extended lympha
denectomy does not improve survival. However,
European randomized studies failed to demonstrate
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[25]

Table 3 Parameters reflecting the quality of care (n = 109)
Parameter

Value

Duration of surgery (min)
Operative blood loss (mL)
Hospital stay (d)
Number of lymph nodes studied
30-d mortality
30-d morbidity1
General morbidity
Cardiac
Pleural effusion
Pneumonia
Pleural empyema
Urinary tract infection
Thromboembolism
Cerebral infarction
Surgical morbidity
Bleeding
Anastomotic leak2
Abdominal abscess
Wound infection
Common bile duct injury
Bowel obstruction
Dindo-Clavien classification[32], severe morbidity
Grade Ⅲ
Grade Ⅳ
Grade Ⅴ

230 (200-255)
500 (300-900)
10 (8-12)
19 (11-25)
2 (1.8)
29 (26.6)
1 (0.9)
8 (7.3)
3 (1.8)
1 (0.9)
2 (1.8)
1 (0.9)
1 (0.9)
1 (0.9)
3 (2.8)
7 (6.4)
1 (0.9)
1 (0.9)
1 (0.9)
9 (8.3)
3 (2.8)
3 (2.8)
3 (2.8)

1

Figures are not additive because some patients had > 1 complication;
Two of these were treated conservatively. Data are presented as median
(IQR) or n (%).
2

any survival benefit from D2 over D1 dissection. Fiveyear survival rates were 35% (D1) and 33% (D2) in
[7]
the MRC trial , and 45% and 47%, respectively, in the
[8]
Dutch trial . This, in combination with high morbidity
and mortality rates, has led to a reserved attitude
against D2 surgery in Western centers. However,
results from a 15-year follow-up of the Dutch trial
showed a significant survival benefit for D2 without
pancreaticosplenectomy compared to D1 (35% vs
[8]
22%) . Moreover, a recent meta-analysis including
eight randomized controlled trials with 2044 patients
confirmed that there is no overall survival benefit for
D2 lymphadenectomy, but found a benefit among
patients who had resection without a splenectomy
[6]
and/or pancreatectomy . Importantly, some previous
randomized trials have been scrutinized based on the
inclusion of a large number of operating surgeons
and heterogeneous surgical techniques. Thus,
universal standardization and surgical quality control
of D2 dissection is needed to improve evaluation of
[23,24]
the oncologic outcome
. Currently, radical D2
gastrectomy is indicated for resectable stage ⅠBⅢ disease, provided that patients are medically fit
and the procedure is carried out in specialized, highvolume centers with appropriate surgical expertise and
[12]
postoperative care .
Despite radical surgery, a substantial proportion
of patients relapse, which indicates that there is a
need for additional therapeutic modalities, such as
radiation and chemotherapy, though more evidence
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is needed with regard to the (neo)adjuvant setting .
A randomized phase Ⅲ study performed in the
United States (Intergroup 0116) demonstrated a
survival benefit with postoperative chemoradiotherapy
compared with surgery alone based primarily on
[26]
patients undergoing D1 gastrectomy . The European
UK MRC MAGIC trial demonstrated a survival benefit
when patients with resectable stage Ⅱ and Ⅲ gastric
cancers undergoing either D1 or D2 surgery were
treated with three cycles of preoperative chemotherapy
(epirubicin, cisplatin, and FU) followed by an additional
three cycles of postoperative chemotherapy compared
[15]
with surgery alone . As a result, perioperative
chemotherapy has been widely adopted as the
standard of care throughout the United Kingdom and
Europe. However, additional real-life data is needed, as
a recent Norwegian study showed that perioperative
chemotherapy was completed in less than half of
the patients in line with the MAGIC trial, and the
tumor response did not afford any long-term survival
[27]
benefit . Nevertheless, a recent meta-analysis
containing data from 17 randomized trials confirmed
an overall survival benefit for FU-based chemotherapy
for gastric cancer compared with surgery alone
[28]
(55.3% vs 49.6%, HR = 0.82, 95%CI: 0.76-0.90) .
[29]
Particularly, data from the Japanese ACTS-GC
and
[30]
the Korean CLASSIC
trials showed that adjuvant
chemotherapy improves overall survival after D2
gastrectomy. Recent European guidelines recommend
either chemoradiotherapy or chemotherapy delivered
in the adjuvant setting for patients with ≥ stage Ⅰ
B gastric cancer who undergo surgery without
[12]
preoperative chemotherapy . Although neoadjuvant
and adjuvant treatments were used in our cohort of
patients, the protocol was not uniform during the study
period due to the lack of an international consensus
regarding various treatment strategies.
Additional parameters can be used to assess
the quality of surgical care, including postoperative
mortality, reoperation rate, and 30-d readmission
rate. The mortality rate within 30 d after a surgical
procedure for gastric cancer has been reduced
substantially over the last decades. Indeed, the
postoperative mortality rate in this patient series
[9-11]
(1.8%) is within the reported range of 0%-2%
,
and is similar to earlier European multicenter
[7,8]
randomized trials . Furthermore, the 30-d morbidity
(26.6%) is in line with other reports: 20.9%-28.1% in
[11]
[9]
the JCOG trial
and 17.9% by Degiuli et al . Early
postoperative complications typically include bleeding,
ileus, cholecystitis, pancreatitis, pulmonary infections,
thromboembolism, and anastomotic leakage, which
is the most significant complication after total
gastrectomy. In our report, the rate of symptomatic
leakage was 2.8%, within the commonly reported
incidence range of 1.9%-4.5%. The reoperation rate
(3.7%) also compares well with the figures reported
[10,11]
from other centers
. Asian studies show that, even
in high-volume centers, there is a certain amount
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of morbidity associated with major gastric surgery.
Overall, the current international standards of care
were well met in this series of patients treated with
D2 gastrectomy and combined modality therapy for
gastric cancer.
This single-center audit should be interpreted with
some caution. The number of patients is relatively
small due to a declining incidence of gastric cancer
in Western Europe. In addition, some changes in the
management were made during the study period,
including the addition of multidisciplinary team
meetings and some modifications in chemotherapy
regimens. However, the mortality, reoperation, and
local recurrence rates are low. Currently, endoscopic
ultrasound can be used to determine the proximal and
distal extent of the tumor and provide further assessment
of the T and N stages. Moreover, laparoscopy with or
without peritoneal washings for malignant cells is now
recommended to exclude occult metastatic disease in
all stage ⅠB-Ⅲ stomach cancers considered potentially
[31]
resectable .
In conclusion, the present audit indicates that D2
lymphadenectomy with pancreatic preservation and
selective splenectomy is a safe surgical strategy for
patients with locally advanced gastric cancer. The
oncologic outcome is largely determined by the stage
of the disease at presentation, which can be improved
through the use of neoadjuvant and adjuvant che
motherapy regimens.

Peer-review

The authors examined long-term oncologic outcome and quality of surgical
care in gastric cancer patients treated with D2 lymphadenectomy without
routine pancreaticosplenectomy. Clinicopathologic factors affecting survival
were assessed. Their results show that in this consecutive series, survival and
morbidity rates were comparable with European studies. Mortality was low. To
this end, D2 gastrectomy is a safe surgical option for gastric cancer, and can be
well implemented in clinical practice.
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Abstract
AIM: to validate the association between atypical
endoscopic features and lymph node metastasis (LNM).
METHODS: A total of 247 patients with rectal
neuroendocrine tumors (NETs) were analyzed.
Endoscopic images were reviewed independently by
two endoscopists, each of whom classified tumors
by sized and endoscopic features, such as shape,
color, and surface change (kappa coefficient 0.76 for
inter-observer agreement). All of patients underwent
computed tomography scans of abdomen and pelvis for
evaluation of LNM. Univariate and multivariate analyses
were performed to identify the factors associated with
LNM. Additionally, the association between endoscopic
atypical features and immunohistochemical staining of
tumors was analyzed.
RESULTS: Of 247 patients, 156 (63.2%) were male
and 15 (6.1%) were showed positive for LNM. On
univariate analysis, tumor size (P < 0.001), shape
(P < 0.001), color (P < 0.001) and surface changes
(P < 0.001) were significantly associated with LNM.
On multivariate analysis, tumor size (OR = 11.53,
95%CI: 2.51-52.93, P = 0.002) and atypical surface
(OR = 27.44, 95%CI: 5.96-126.34, P < 0.001)
changes were independent risk factors for LNM. The
likelihood of atypical endoscopic features increased
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as tumor size increased. Atypical endoscopic features
were associated with LNM in rectal NETs < 10 mm
(P = 0.005) and 10-19 mm (P = 0.041) in diameter.
Immunohistochemical staining showed that the rate of
atypical endoscopic features was higher in non L-cell
tumors.
CONCLUSION: Atypical endoscopic features as well
as tumor size are predictive factors of LNM in patients
with rectal NETs.

or being pedunculated or hyperemic. These unusual
features have been associated with LNM, suggesting
an association between endoscopic findings and
[9]
LNM .
Study was designed to validate the association
between endoscopically atypical features and LNM.
In addition, the association between endoscopically
atypical features and the immunohistochemistry of
[10]
these tumors was analyzed .

Key words: Rectal neuroendocrine tumor; Colonoscopy;
Lymph node metastasis

MATERIALS AND METHODS

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

Data from 287 patients with rectal NETs diagnosed
and treated at the National Cancer Center (Goyang,
South Korea) and Daehang Hospital (Seoul, South
Korea) between January 2008 and December 2010
[10]
were retrospectively reviewed . Eight patients with
synchronous colorectal cancer, eight who underwent
multiple biopsies before visiting our institutions and
24 whose endoscopic images were unavailable were
excluded from this study. Finally, 247 patients with
rectal NETs were analyzed (Figure 1). Of these 247
lesions, 208 were endoscopically resected, 22 were
removed transanally, and 16 were treated with
radical surgery. One patient received only palliative
chemotherapy, because he had multiple unresectable
liver and peritoneal metastases. Clinicopathologic
variables were retrospectively collected from the
patients’ medical records. This study was approved by
the Institutional Review Board of the National Cancer
Center of Korea (NCC2014-0104).

Core tip: We were studied about association between
endoscopic atypical features in rectal neuroendocrine
tumor and metastasis in 2008. Thus, our study was
designed to validate the association between atypical
endoscopic features and lymph node metastasis
(LNM). Our study showed that the atypical endoscopic
features, such as size > 10 mm, surface changes, were
risk factors for LNM. Additionally, rectal neuroendocrine
tumors which showed atypical endoscopic features were
associated with non L-cell tumors. When we examined
rectal neuroendocrine tumor using colonoscopy, atypical
endoscopic features help to predict the treatment plan.
Hyun JH, Lee SD, Youk EG, Lee JB, Lee EJ, Chang HJ, Sohn
DK. Clinical impact of atypical endoscopic features in rectal
neuroendocrine tumors. World J Gastroenterol 2015; 21(47):
13302-13308 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13302.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13302

INTRODUCTION
Increases in rate of screening colonoscopy have
resulted in increases in incidence and prevalence of
rectal neuroendocrine tumors (NETs). Most rectal
NETs are slow growing tumors that originate from
[1,2]
enterochromaffin cells and rarely metastasize
.
A recent consensus guideline suggests that tumor
size is the most powerful predictor of lymph node
[3,4]
metastasis (LNM) of rectal NETs . Guideline of the
National Comprehensive Cancer Network recommend
that NETs ≤ 2 cm in diameter be excised transanally
or endoscopically excision and that NETs > 2 cm in
[5]
diameter undergo radical resection . However, LNMs
have been reported in patients with NETs < 6 mm in
[6]
diameter , suggesting that tumor size alone is not
predictive of LNM.
Colonoscopy is the most useful method of diagnosing
and treating rectal NETs. Although typical NETs appear
[7,8]
as yellowish, sessile, submucosal tumors , some are
morphologically unusual, having irregular surfaces

WJG|www.wjgnet.com

Patients

Evaluation

All patients underwent endoscopic examination with
video colonoscopes (Olympus CF-Q240, CF-Q260
or CF-H260; Olympus, Tokyo, Japan) for diagnosis
and treatment. Endoscopic images were reviewed
independently by two endoscopists, resulting in kappa
coefficient of 0.76 for interobserver agreement.
Any disagreements between the two endoscopists
were resolved by open discussions with all expert
endoscopists.
All patients underwent computed tomography
(CT) scans of the abdomen and pelvis for evaluation
of LNM. Patients were considered positive for LNM
if CT scans revealed nodes > 3 mm in diameter in
the perirectal area or nodes > 1 cm in diameter
[10-12]
in the pelvis
. Tumor sizes were confirmed by
pathology reports, except for the one patient who did
not undergo curative resection because of extensive
liver metastases. All tumors were classified by size
(longest diameter), and then by endoscopic features
such as shape, color, and surface changes, including
depression, erosion and ulceration. Of the 247 lesions,
217 were also assessed immunohistochemically.

Statistical analysis

Interobserver agreement on endoscopic findings
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Table 1 Characteristics of the 247 patients with rectal
neuroendocrine tumor n (%)

Patients diagnosed with rectal
carcinoid tumors (n = 287)

Value
age, mean ± SD (range), yr
Sex
Male
Female
tumor size, mean ± SD (mm)
Resection type
Endoscopic resection
TEM or TAE
Radical resection
None
Distant organ metastasis at diagnosis
Negative
Positive
LN metastasis
Negative
Positive

Exclusion
Synchronous colorectal cancer
(n = 8)
Previously biopsy (n = 8)
Endoscopic image unavailable
(n = 24)

Patients included in the primary
analysis (n = 247)

Patients with NETs not
evaluated by IHC staining
(n = 30)

91 (36.8)
156 (63.2)
5.76 ± 2.76
208 (84.2)
22 (8.9)
16 (6.5)
1 (0.4)
245 (99.2)
2 (0.8)
232 (93.9)
15 (6.1)

TEM: Transanal endoscopic microsurgery; TAE: Transanal excision; LN:
Lymph node.

Patients with NETs evaluated
by IHC staining (n = 217)

Figure 1 Study flow chart. NETs: neuroendocrine tumors; IHC: immuno
histochemistry.

was analyzed by calculating the kappa coefficient.
The associations between endoscopic findings and
2
LNM were analyzed by χ or Fisher’s exact tests.
Multivariate analysis using a logistic regression model
was performed to identify associations between all
potential parameters and LNM. All statistical analyses
were performed using the Statistical Package for Social
Sciences (SPSS) version 14.0 (SPSS Inc., Chicago,
IL). A two-sided P < 0.05 was considered statistically
significant.

RESULTS
Table 1 shows the baseline clinicopathological
characteristics of the 247 patients with rectal NETs.
Of these patients, 91 (36.8%) were male and 156
(63.2%) were female. Mean age at diagnosis was 51.6
± 10.7 years and mean tumor size was 5.76 ± 2.65
mm. Two patients had liver metastases at diagnosis,
with one also having peritoneal seeding and 15 (6.1%)
were diagnosed with LNM.
Fifty-five patients (22.3%) had rectal NETs with
one or more atypical features (Figure 2), whereas
the other 192 patients (77.7%) had rectal NETs with
endoscopically typical features such as being sessile
and having a smooth surface covered with normal or
yellowish mucosa (Figure 3). On univariate analysis,
tumor size, tumor shape, surface changes, and color
were significantly associated with LNM. On multivariate
analysis, tumor size (OR = 11.53, 95%CI: 2.51-52.93),
atypical surface changes (OR = 27.44, 95%CI:
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51.56 ± 10.69 (27-76)

5.96-126.34), and any type of atypical feature (OR
= 4.38, 95%CI: 0.92-20.80) were independent risk
factors for LNM (Table 2). Moreover, atypical features
correlated with increased tumor size (Table 3).
Table 4 shows the association between endoscopic
features and metastasis in rectal NETs < 10 mm
and 10-19 mm in diameter were evaluated in
Table 4, respectively. Tumor shape and color were
not associated with LNM for either size range of
rectal NETs. However, tumor surface changes were
associated with LNM in patients with NETs < 10 mm
(P = 0.005) and 10-19 mm (P = 0.041) in diameter.
Ulceration was not observed in any tumor < 20 mm in
diameter.
Table 5 shows the association between atypical
features and the results of immunohistochemical
staining results. L-cell phenotype and GLP1 were
associated with atypical features, whereas non-L cell
phenotype was associated with surface changes and
color of NETs (Table 6).

DISCUSSION
Risk factors predictive of LNM of rectal NETs were
assessed by univariate and multivariate analyses,
with the latter showing that tumor size and atypical
surface changes were significant independent predi
ctors of LNM. The ability to predict the likelihood of
LNM is important for managing patients requiring
radical surgery to prevent tumor progression. Recent
studies have reported that risk factors for LNM of
rectal NETs include tumor size > 10 mm; atypical
features; pathologic T stage; and muscular, perineural
[9,13-16]
or lymphovascular invasion
. Two studies recom
mended radical lymph node dissection for patients
[16,17]
with rectal NETs > 10 mm and lymphatic invasion
.
Lymphatic invasion, however, cannot be evaluated
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A

B

C

D

Figure 2 Endoscopic findings of atypical carcinoids. A: Semipedunculated type with hyperemia; B: Semipedunculated type with erosion and hyperemia; C:
Sessile type with hyperemia; D: An ulcerofungating types mimicking rectal cancer.

Figure 3 Endoscopic image of a typical carcinoid, which was a sessile
tumor with a yellow, smooth surface.

before resection of rectal NETs. On colonoscopy, the
size of rectal NETs was the only predictor of LNM.
We previously reported an association between
[9]
atypical features of rectal NETs and LNM . Moreover,
the incidence of atypical features was found to be
associated with increased tumor size, suggesting
that atypical features may be useful in determining
treatment for tumors 11-19 mm in diameter. This
study was performed to validate the predictive value of
atypical features of NETs in a separate patient cohort.
The cutoff value for carcinoid tumor size that can
determine the treatment plan and assess patient
prognosis has not been definitively established.
Tumors ≤ 10 mm in diameter are locally resected,

WJG|www.wjgnet.com

by methods such as endoscopic resection, transanal
excision or transanal endoscopic microsurgery.
The American Joint Committee on Cancer staging
system has recommended that patients with tumors
≥ 20 mm undergo radical resection with lymph
[3,18]
node dissection
. However, the proper method
of removing rectal NETs 11-19 mm in size remains
undetermined, and no controlled prospective trials
have assessed treatment plans for these patients. We
found that all three patients with tumors ≥ 20 mm in
diameter, 6 (27.3%) of 22 with tumors 10-19 mm, and
3 (1.4%) of 222 with tumors < 10 mm presented with
LNM. Although, surprisingly, 3 patients with tumors <
10 mm in diameter had LNM, two studies observed
metastases to lymph nodes and distant organs in
[6,19]
patients with rectal NETs ≤ 10 mm in size
. Thus,
size of rectal NETs alone is insufficient to predict LNM
and determine treatment plans.
The Surveillance, Epidemiology, and End Results
registry database has shown that the incidence of
[20]
rectal NETs has increased over the last 35 years .
Most rectal NETs are diagnosed incidentally, with
the increase in incidence likely due to increases in
[1]
screening sigmoidoscopy and colonoscopy . Although
size of rectal NETs incidentally diagnosed during lower
endoscopy was the only factor associated with LNM,
this study found that atypical features, especially
surface changes, were strongly predictive of LNM.
One of 3 patients with rectal NETs ≤ 10 mm and LNM
had a semipedunculated lesion with surface erosion,
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Table 2 Univariate and multivariate analyses of clinical factors associated with lymph node metastasis in patients with rectal
neuroendocrine tumors n (%)
Univariate analysis
Gender
Male
Female
Age (yr)
≤ 50
> 50
Size (mm)
< 10
≥ 10, < 20
≥ 20
Tumor shape
Sessile
Semipedunculated
Ulcerofungating
Surface change
Smooth
Depressed/eroded
Ulcerated
Color
Normal or yellow
Hyperemia
Atypical features, any
Typical features
Atypical features

Metastasis (-)

Metastasis (+)

144 (92.3)
88 (96.7)

12 (7.7)
3 (3.3)

113 (94.2)
119 (93.7)

7 (5.8)
8 (6.3)

219 (98.6)
13 (59.1)
0 (0)

3 (1.4)
9 (40.9)
3 (100)

205 (97.6)
27 (77.1)
0 (0)

5 (2.4)
8 (22.9)
2 (100)

222 (97.8)
10 (55.6)
0 (0)

5 (2.2)
8 (44.4)
2 (100)

210 (96.8)
22 (73.3)

7 (3.2)
8 (26.7)

189 (98.4)
43 (78.2)

3 (1.6)
12 (21.8)

Typical (n = 192)

0.183

-

-

1.000

-

-

< 0.001

11.53 (2.51-52.93)

0.002

< 0.001

-

-

< 0.001

27.44 (5.96-126.34)

< 0.001

< 0.001

-

-

< 0.001

4.38 (0.92-20.80)

0.064

Metastasis (-) Metastasis (+) P value
< 10 mm in diameter
Shape
Sessile
Semipedunculated
Surface change
Smooth
Depression/erosion
Color
Yellow
Hyperemia
10-19 mm in diameter
Shape
Sessile
Semipedunculated
Surface change
Smooth
Depression/erosion
Color
Yellow
Hyperemia

36 (16.2)
16 (72.7)
3 (100)

while all 9 patients with tumors > 10 mm in size and
LNM had lesions with one or more atypical features.
The presence of atypical features can help determine
treatment plans for patients with rectal NETs 11-19
mm in diameter. We suggest that rectal NTEs 11-19mm
in diameter, which showed atypical features in
endoscopic findings, should be performed the CT or
EUS to evaluate the LNM.
In 2010, the World Health Organization (WHO)
[21]
classified rectal NETs as malignant , with L-cell,
glucagon-like peptide producing and pancreatic
polypeptide/peptide YY (PPY/PYY) producing NETs
defined as borderline malignant or of uncertain
malignant potential. Although most rectal NETs are
L-cell tumors, the L-cell phenotype was not associated
[10]
with biologically favorable characteristics . That study,
with a population overlapping our study, recommended
that clinical management of rectal NETs should
depend on tumor size. Our analysis of the association
between atypical features and immunohistochemical
staining results found that L-cell phenotype and
GLP1 were associated with atypical features. These
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P value

Atypical (n = 55) P value
< 0.001

186 (83.8)
6 (27.3)
0 (0)

OR (95%CI)

Table 4 Association between endoscopic features and
metastasis in rectal neuroendocrine tumors < 10 mm and
10-19 mm in diameter n (%)

Table 3 Atypical features of rectal neuroendocrine tumors
according to tumor size n (%)

Tumor size (mm)
< 10
≥ 10, < 20
≥ 20

Multivariate analysis

P value

0.155
199 (99.0)
20 (95.2)

2 (1.0)
1 (4.8)

212 (99.1)
7 (87.5)

2 (0.9)
1 (12.5)

203 (98.5)
16 (100)

3 (1.5)
0 (0)

0.005

0.627

0.548
6 (66.7)
7 (53.8)

3 (33.3)
6 (46.2)

10 (76.9)
3 (33.3)

3 (23.1)
6 (66.7)

7 (63.6)
6 (54.5)

4 (36.4)
5 (45.5)

0.041
0.665

findings suggested that increased tumor size may be
associated with atypical features as well as non L-cell
type. Prospective observational studies in large cohorts
of patients are required to clarify these associations.
Although we analyzed a relatively large patient
cohort, our study had the inherent limitations of a
retrospective study. To minimize such biases, we did
not include and analyze consecutive patients with
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Table 5 Association between atypical endoscopic features
of rectal neuroendocrine tumors and immunohistochemical
staining results n (%)
Typical feature
L-cell
(-)
(+)
EC-cell
(-)
(+)
Serotonin
(-)
(+)
Somatostatin
(-)
(+)
GLP1
(-)
(+)
PYY1
(-)
(+)
PPY1
(-)
(+)

Table 6 Association between atypical features and L-cell type
in rectal neuroendocrine tumors n (%)

Atypical feature P value
0.008

27 (62.8)
142 (81.6)

16 (37.2)
32 (18.4)

162 (78.3)
7 (70.0)

45 (21.7)
3 (30.0)

161 (78.5)
8 (66.7)

44 (21.5)
4 (33.3)

161 (77.8)
8 (80.0)

46 (22.2)
2 (20.0)

57 (69.5)
112 (83.0)

25 (30.5)
23 (17.0)

72 (75.8)
97 (79.5)

23 (24.2)
25 (20.5)

0.464

0.306

1.000

34 (18.4)
8 (25.8)
1 (100)

151 (81.6)
23 (74.2)
0 (0)

36 (18.0)
6 (37.5)
1 (100)

164 (82.0)
10 (62.5)
0 (0)

31 (16.1)
12 (50.0)

162 (83.9)
12 (50.0)

P value

0.022

< 0.001

Previously, the authors had proposed the possible association between
endoscopic atypical features and lymph node metastasis (LNM) in rectal NETs.

0.513

Research frontiers

28 (24.1)
20 (19.8)

rectal NETs. Second, we investigated LNM by radiologic
imaging or pathologic reports. Most patients with
rectal NETs underwent local excision, such as transanal
excision, transanal endoscopic microsurgery, and
endoscopic procedures, rather than radical resection.
Although the LNM status of patients who underwent
local excision was evaluated by abdominopelvic CT,
CT was used only to evaluate lymph node status. To
evaluate the lymph node status, we were using criteria
that distinguished positive node which showed > 3 mm
in diameter in perirectal area or > 1 cm in diameter
[11,12]
in the pelvis
. These criteria showed about a
sensitivity of 73% and a specificity of 58%. Thus, we
have to consider a difference between CT finding and
pathology. Third, we did not perform survival analysis.
Median follow-up time of our study patients was 44
mo (range 0-78 mo), which, while longer than in other
studies, was too short to assess distant metastases
or tumor recurrence. Prospective long term follow-up
studies are needed for survival analyses.
In conclusion, the present study, along with a
previous study performed at our institution, suggests
that rectal NETs ≤ 10 mm in diameter can be treated
by local excision, whereas tumors ≥ 20 mm in
diameter should be treated by radical resection with
lymph node dissection. Atypical endoscopic features
may help select the optimal treatment plans for
patients with rectal NETs 11-19 mm in diameter.
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Abstract
AIM: To investigate the progression rate of small
pancreatic cystic lesions and identify characteristics
associated with their progression.

Data sharing statement: No additional data are available.

METHODS: Patients with pancreatic cystic lesions
with at least 1-year of follow-up were evaluated
retrospectively. We excluded patients with cysts larger
than 3 cm or with features that were a concern for
malignancy. In total, 135 patients were evaluated.
The interval progression of the cysts was examined.
Characteristics were compared between patients with
and without progression.

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

RESULTS: The pancreatic cysts ranged from 3 to 29
mm. The mean follow-up period was 4.5 ± 2.3 years
and the mean progression rate was 1.0 ± 1.3 mm/year.
Ninety patients showed interval progression and were
divided into two groups; the minimal-change group (n
= 41), who had cyst progression at less than 1 mm/
year, and the progression group (n = 49), who had a
progression rate of more than 1 mm/year. Compared

Conflict-of-interest statement: We have no financial
relationships to disclose.
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with the cysts without progression, the lesions of the
progression group were more frequently associated
with tubular cyst, septation or a prominent pancreatic
duct (P < 0.05). The odds ratio for progression was
5.318 for septation and 4.582 for tubular cysts.
CONCLUSION: Small pancreatic cysts progress
slowly. Lesions with tubular shape, septa, or prominent
pancreatic duct were more likely to progress, and
required further diagnostic intervention or shorter
surveillance interval.
Key words: Pancreas; Cystic lesion; Progression;
Imaging features; Observation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Observation is advised for small pancreatic
cyst without features that are a concern for malignancy.
Our study determined that small pancreatic cysts with
borderline pancreatic duct dilation, tubular shape, or
septa were associated with risk of progression. Our
findings may be helpful to stratify patients for different
management planning according to their risk of
progression.
Tsai HM, Chuang CH, Shan YS, Liu YS, Chen CY. Features
associated with progression of small pancreatic cystic lesions:
A retrospective study. World J Gastroenterol 2015; 21(47):
13309-13315 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13309.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13309

INTRODUCTION
The increased utilization of cross-sectional imaging,
such as multi-detector computed tomography (MDCT)
and magnetic resonance (MR) imaging, has resulted
in the increased detection of pancreatic cystic lesions,
[1,2]
generally for unrelated reasons . Pancreatic cystic
lesions are encountered in up to 3% of computed
tomography (CT) examinations and 20% of MR
imaging studies among individuals with no prior history
[3,4]
of pancreatic disease . It is estimated that 10% of
individuals have a pancreatic cystic lesions by the age
[4]
of 70 .
Pancreatic cystic lesions not only have diverse
histologies and imaging features, but also differ in
terms of clinical presentation, biological behavior
[5]
and risk of malignancy . According to the risk of
malignancy, lesions can be categorized into: (1) those
with no malignant potential (pseudocysts and serous
cystadenomas); and (2) those that are precancerous
or cancerous (mucinous cystic neoplasms and intra
[6]
ductal papillary mucinous neoplasms) . Patients with
imaging features that are considered to be associated

WJG|www.wjgnet.com

with increased risk of malignancy, including cystic
lesions larger than 3 cm, a dilated pancreatic duct
[7-10]
and the presence of solid mural nodules
, are
advised to undergo further pathology diagnosis or
surgical resection. Conversely, emerging data support
observation as the preferred approach for patients who
[11-13]
have small cystic lesions detected incidentally
.
Nevertheless, approximately 3.3% of patients
with small pancreatic cystic lesions were found to
[10]
have occult malignancy after surgical resection .
Subjecting these patients to unnecessary testing
and treatment can result in a potentially harmful and
expensive cascade of tests and procedures. However,
lesions left for observation can cause anxiety for both
patients and clinicians because of the potential specter
of a lethal malignancy.
The shape and number of cysts have been used to
differentiate low or no malignant potential for serous
oligocystic adenoma from lesions with malignant
potential, including mucinous cystic neoplasm and
[14]
IPMN . By reviewing the images of our patients with
small pancreatic cystic lesions, we aimed to determine
the progression rate of these small lesions and to
find the characteristic features that could differentiate
progressive from non-progressive lesions. Hopefully,
our findings will help in risk stratification and decisionmaking for the appropriate management and followup strategy in patients with small pancreatic cystic
lesions.

MATERIALS AND METHODS
Patient selection

Institutional review board approval was obtained for
this retrospective study; informed patient consent was
not obtained. From January 2004 through December
2011, we identified 523 patients with cystic lesions of
the pancreas that had been detected by sonography,
CT or MR imaging. One hundred and sixty seven
patients with prior clinical and laboratory evidence of
pancreatitis were excluded. Eight patients with coexisting pancreatic malignancies, including four cases
of adenocarcinoma and four cases of lymphoma,
were excluded. Of the remaining 348 patients, 41
(11.8%) underwent surgical resection because of
presence of symptoms, high-risk of stigmata (such as
dilated main pancreatic duct or mural nodule), or at
the patient’s request. To focus on the progression of
small pancreatic cystic lesions without features that
are a concern for malignancy, we further excluded
172 patients with lesions larger than 3 cm (n = 12),
a dilated pancreatic duct greater than 5 mm (n = 5),
less than 1-year of follow-up (n = 123), or those who
had only been evaluated by ultrasonography (n = 32).
Finally, data from the remaining 135 patients with
incidentally detected small pancreatic cystic lesions (94
men, 41 women; age range, 20-92 years; mean age,
67 years) were evaluated. Of these patients, 90 had
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Image analysis

Table 1 Clinical characteristics of patients
Non-progression
group (n = 45)
Follow-up (yr)
Age (yr)
Sex (M:F)

3.6 ± 2.01
67.9 ± 10.3
29:16

Minimal-change
Progression
group (n = 41) group (n = 49)
5.6 ± 2.02,3
63.2 ± 12.93
33:8

4.3 ± 2.51
70.0 ± 13.01
32:17

1

Significant difference vs minimal-change group; 2Significant difference vs
non-progression group; 3Significant difference vs progression group. By
ANOVA and χ 2 test, data are expressed as the mean ± SD.

undergone CT only, 22 had undergone MR imaging
only and 23 had undergone CT and MR imaging. The
interval progression was examined by using the initial
and the last imaging of the cyst, not necessarily using
a the same imaging modality. None of our patients
were associated with features that were a concern
malignancy; therefore, none of them had been studied
by endoscopic ultrasonography.

Imaging protocol

Most of our patients underwent the imaging exami
nation to study other abdominal disease; therefore,
the protocols we used were not specific to pancreatic
disease but were those that we routinely used for
abdomen examination.
Helical CT with two different multi-detector
helical CT scanners (Sensation-16, Siemens Medical
Systems, Forchheim, Germany or Definition Flash,
Siemens Medical Systems, Forchheim, Germany)
were performed in all patients. A Routine abdominal
CT beginning 60-70 s after intravenous injection of
contrast material was the most commonly performed
examination. For routine CT scanning, 120-150 mL
of nonionic contrast material (300-350 mg/mL) was
injected at a rate of 2.5-3.0 mL/s, and images were
acquired at a 5-mm section thickness after a 70 s
delay. The field of view was adjusted according to the
size of the patient.
MR imaging was performed with a 1.5-T system
(Achieva, Philips Medical Systems, Netherland B.V.)
using a phased-array torso coil. T2 weighted axial
(TR/TE/FA 558/150/90) and coronal fat suppression
images (TR/TE/FA 686/150/90), as well as twodimensional (TR/TE/FA 8000/800/90) and threedimensional MR cholangiopancreatography (TR/TE/FA
2000/700/90) were obtained. T1-weighted in-phase
(TR/TE/FA 175/4.6/80) and opposed-phase (TR/TE/FA
175/2.3/80) images were acquired. Subsequently,
axial breath hold three-dimensional T1-weighted high
resolution isotropic volume examinations (TR/TE/FA
4.3/2.1/14; reconstructed slide thickness, 2.5 mm)
were taken before and after intravenous contrast
injection during the arterial (15 and 50 s), portal
venous (90 s), and equilibrium (150 and 300 s)
phases.
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The CT and MR images were reviewed retrospectively
by two radiologists (Tsai HM and Liu YS, with 20 and
10 years of experience, respectively). The shape
(spherical or tubular), number, size and location of
the cysts, the existence of a prominent pancreatic
duct (3-4 mm in diameter), and the morphological
features of the cysts, such as presence or absence
of calcifications, and/or septa on CT and MR images,
were recorded. When multiple cysts were present
within the pancreas, the diameter and morphological
features of the largest lesion were recorded. When
the shape was not spherical, the longest diameter was
recorded.

Grouping

The sizes of the cysts on the patient’s first and last
follow-up images were measured. The cyst progression
rate was determined by dividing the change in size
by the follow-up time in years. Accordingly, patients
were first divided into those without progression of
cystic lesions and those with interval progression.
Patients with interval progression of cysts were further
divided into the minimal-change and the progression
groups, determined by a progression rate that was
lower or higher than the mean cyst progression rate.
Accordingly, the patients were divided into three
groups: non-progression, minimal-change, and the
progression.

Statistical analysis

The demographic data and imaging features were
compared among the three groups. Comparisons
2
were made using a Fisher’s exact test or χ test for
nominal variables and a Student’s t-test for continuous
variables. A univariate analysis was performed to
identify risk factors for progression, using logistic
regression analysis. To evaluate independent predictors
of malignancy, a multivariate analysis was performed
with a model using factors identified as being significant
in the univariate analysis or those with a P-value less
than 0.20. A P-value less than 0.05 was considered
statistically significant. Results are presented as means
± standard deviation.

RESULTS
Clinical features

The mean cyst progression rate was 1 mm per year (1.0
± 1.3 mm/year). The patients were divided into three
groups, the non-progression (n = 45), the minimal
change (n = 41), and the progression groups (n =
49). Although the age of our patients ranged from 20
to 92 years, most of them were elderly (mean age,
67.3 ± 12.4 years). The mean age of the progression
group was the highest among the three groups,
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A

Table 2 Imaging characteristics of cysts n (%)
Progression
Non-progression
Minimalgroup
group (n = 45) change group
(n = 49)
(n = 41)
Lesion characteristics
Initial size (mm)
Multiple cystic lesions
Location
Uncinate
Head
Neck
Body
Tail
Imaging features
Septation
Tubular cyst
Calcification
Prominent pancreatic
duct

12.0 ± 5.4
3 (6.7)

11.6 ± 6.5
5 (12.2)

13.8 ± 7.4
9 (18.4)

1 (0.2)
9 (20.0)
17 (37.8)
10 (22.2)
8 (17.8)

1 (2.4)
9 (22.0)
7 (17.1)
14 (34.1)
10 (24.4)

4 (8.2)
13 (26.5)
9 (18.4)
12 (24.5)
11 (22.4)

4 (8.9)1
5 (11.1)1
2 (4.5)
0 (0)1

5 (12.2)
8 (19.5)
1 (2.5)
3 (7.3)

13 (26.5)2
14 (28.6)2
1 (2.0)
9 (18.4)2

B

Significant difference vs the progression group; 2Significant difference vs
the non-progression group, by ANOVA and χ 2 test. Data are expressed as
the mean ± SD.
1

but it was not significantly different from that of the
non-progression group (Table 1). Male gender was
predominant in all three groups. The follow-up period
of our patients ranged from 1.1 to 10.1 years, with a
mean of 4.5 ± 2.3 years. Although the progression
group had a longer follow-up time than the nonprogression group, it was not statistically significant
(Table 1).

Imaging characteristics

The pancreatic cystic lesions ranged from 3 to 29
mm (mean, 12.5 ± 6.5 mm), based on the longest
diameter. The initial size was not related to future
progression and was similar among the three groups
(Table 2). Although a trend for increasing multiplecystic lesions was noted from the non-progression
group to the progression group, the difference was
not statistically significant (Table 2). Few cystic
lesions were detected over the uncinate process. The
remaining cystic lesions were evenly distributed across
all the other sites of the pancreas and there was no
predilection site for progressive pancreatic cystic
lesions (Table 2).
As shown in Table 2, more patients in the pro
gression group had a septated (Figure 1) or a tubular
(Figure 2) cyst than those in the non-progression
group (septated: 26.5% vs 8.9%, P < 0.05, tubular:
28.6% vs 11.1%, P < 0.05). Nine patients (18.4%)
in the progression group had a prominent pancreatic
duct (Figure 3), which was in marked contrast to none
observed in the non-progression group (P < 0.01). E
could not check the calcification of pancreatic cysts in
22 of our patients because they underwent MR imaging
only. In the other 113 patients who had a CT scan
examined during the follow-up, only four patients had
a calcified pancreatic cystic lesions and all calcifications

WJG|www.wjgnet.com

Figure 1 Contrast-enhanced computed tomography scans and T2weighted magnetic resonance images. Contrast-enhanced computed
tomography scans obtained during the portal venous phase showing a septated
cystic lesion in the body of the pancreas (A; arrow). An axial T2-weighted
magnetic resonance image showing a T2 hyperintense lesion with septa (B;
arrow) in the body of the pancreas.

were located in the periphery.

Regression analysis

Cystic lesions with septa or a tubular shape were
included for the regression analysis; whereas, cysts
with a prominent pancreatic duct were not analyzed,
because this feature was exclusively found in lesions
with interval progression. By multivariate regression
analysis, lesions with septa had 5.318-fold increased
odds of interval progression than lesions without
septa; the odds ratio of progression was 4.582 for the
tubular shape lesion (Table 3).

Follow-up

The interval progression diameter ranged from 0 to
54 mm (average, 4.1 ± 7.2 mm) with a progression
rate ranging from 0 to 6.2 mm per year (average 1.0
± 1.3 mm per year). No mural nodules were found
during the follow-up period. Twelve patients had
cysts that progressed to more than 3 cm in diameter
(range from 6.4 cm to 3.0 cm) within a mean followup period of 5.9 ± 2.8 years (range from 1.5 to 10.0
years). Two patients underwent surgery because of
concern of malignant potential based on the growth
characteristics. The pathologies of these two lesions
were serous adenoma and serous oligocystic adenoma,
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Figure 3 Contrast-enhanced computed tomography scans and T2weighted magnetic resonance images. Contrast-enhanced computed
tomography scans obtained during the portal venous phase showing a tubular
cyst (A; arrowhead) in the body of the pancreas, with a prominent pancreatic
duct (A; arrow). Axial T2-weighted magnetic resonance image showing a T2
hyperintense tubular cyst (B; arrowhead) in the body of the pancreas, with a
prominent pancreatic duct (B; arrow).

Figure 2 Contrast-enhanced computed tomography scans and T2weighted magnetic resonance images. Contrast-enhanced computed
tomography scans obtained during the portal venous phase showing a
tubular cyst in the neck of the pancreas (A; white arrow). Axial T2-weighted
magnetic resonance image showing a T2 hyperintense tubular lesion (B;
white arrow) in the neck of the pancreas. The tubular lesion (C; white arrow)
was more clearly appreciated on two dimensional magnetic resonance
cholangiopancreaticography.

respectively. The remaining patients were kept under
observation according to the patients’ preference.

DISCUSSION
The decision to proceed with surgical resection for a
small pancreatic cystic lesion is difficult because of
the significant morbidity and mortality associated with
pancreatic surgery, especially in the elderly. Accordingly,
the Sendai guidelines recommend surveillance only for
cysts less than 3 cm without “worrisome features” or
[15]
“high-risk stigmata” . Despite the good performance
of the Sendai surveillance guidelines, which have been

WJG|www.wjgnet.com

validated recently in a report showing that patients
who met the criteria had a 97% probability of benign
[16]
follow-up for up to 7 years and 8 mo , they are not
prefect, because some small cysts were still found to
have malignant outcomes on long-term follow-up.
Surveillance, therefore, is associated with concern,
anxiety and fear about the uncertainty of the diagnosis
and the natural history of these cysts. Our study
revealed the slow progression rate of small pancreatic
cystic lesions and indicated that tubular cysts or cysts
associated with prominent pancreatic ducts or septa
tended to be progressive. Our study may provide more
information to ease the uncertainty associated with
the follow-up strategy chosen for patients with a small
pancreatic cystic lesions.
Septa can be associated both with a malignant
or potentially malignant mucinous cystic neoplasm
[17,18]
and a benign serous cystadenoma
. Sahani et
[12]
al
reported that small pancreatic cysts without
septa or solid components are almost always benign;
however, since 20% of their septated cystic lesions
were associated with malignancies or borderline
malignancies, detecting septa within small cysts should
raise a concern for malignancy. Our study found that
small septated cysts had an increased risk of interval
progression, further supporting the observation that
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Table 3 Regression analysis between non-progression and
progression groups
Univariate
Septation
Tubular
content

Multivariate

OR (95%CI)

P value

OR (95%CI)

P value

3.701 (1.107-2.372)
3.200 (1.047-9.782)

0.034
0.041

5.318 (1.539-18.374)
4.582 (1.450-14.480)

0.008
0.010

By binary logistic regression analysis.

septa in a small cyst increase the level of suspicion of
malignancy.
IPMN has a malignant potential and tends to be
progressive. As the tumor produces mucin content,
dilatation of the main pancreatic duct is frequently
found with main duct IPMN. A dilated main pancreatic
duct of 5-9 mm is considered a “worrisome feature”,
while a diameter of more than 10 mm is one of the
[15]
“high-risk stigmata”
that warrant further diagnosis
or surgery. In our study, cysts with these features were
initially excluded; however, we found that cysts with
a prominent pancreatic duct of 3 to 4 mm in diameter
still showed a tendency for interval progression. In
addition, cysts with a tubular shape could be caused
by the dilation of the pancreatic duct branch and
[14]
are frequently associated with branch duct IPMN .
As both features are characteristics of IPMN, which
possesses malignant potential, the more tubular cysts
or cysts with prominent pancreatic ducts found in our
progression group may indicate the presence of more
IPMN cases in this group.
Peripheral calcification was prevalent in mucinous
cystic neoplasms, while head location or multiple cysts
were more frequently associated with branch duct
[5]
IPMN ; therefore, cysts with these features would be
expected to be progressive. However, calcification was
rarely found in our cases. While the number of cases
with multi-cystic lesions showed an increasing trend
in the progression group, it did not reach statistical
significance. The above-mentioned imaging features,
although also characteristic features of mucinous
cystic lesions, were less valuable to distinguish small
pancreatic cystic lesions with different progression
rates in our study.
Male gender was predominant across all three
groups in this study, which was contradictory to previous
studies reporting that female gender was predominant
[19]
in serous and mucinous cystic neoplasms . All our
cystic lesions were asymptomatic and were found
coincidentally during imaging examinations for
abdominal organs other than the pancreas; therefore,
this finding might simply reflect the male predominance
of liver diseases in this liver diseases endemic country.
This was a retrospective study; therefore, the
follow-up intervals of imaging were not the same for all
patients. It may be argued that the progressive lesions
observed in our patients could simply result from a
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longer follow-up period. Undeniably, the longest followup period seen in our minimal-change group may
actually reflect this possibility. However, the similar
follow-up periods between the non-progression and
progression groups indicated there were factors other
than “time” that determined the risk of progression in
pancreatic cystic lesions.
We suspected that the progression rate of cyst
might not be constant and could be accelerated
when the cyst becomes larger, which challenged the
progression rate of 1 mm/year that was determined
by observing cyst progression at different follow-up
intervals instead of year-by-year. Such suspicion might
be reasonable in those lesions larger than 3 cm, but it
should be trivial in our study, because all our lesions
were smaller than 3 cm and the mean initial size was
similar among groups with different interval changes.
As observed from the benign pathology in our
two patients who had cysts growing greater than 3
cm and who underwent surgery, the increase in the
size of the cyst was not necessarily associated with
malignancy. However, cyst progression remains a
[15,20]
key point to be followed on surveillance images
.
Our study determined the mean growth rate as
1 mm per year after a mean follow-up period of
about 6 years, which supports the low incidence of
malignant transformation; i.e., of 0.4% per year
[20]
during surveillance , and the current proposed
annual surveillance strategy for small cysts without
[15]
high risk stigmata or worrisome features . The
addition of molecular profiling, cytology and chemistry
of pancreatic cystic fluid to imaging studies, has
defined an integrated approach to molecular pathology
testing that has increased the accuracy of assessing
[16]
the malignant potential of pancreatic cysts . Our
study explored imaging features associated with the
risk of progression in small pancreatic cystic lesions
that might be helpful to stratify patients into those
who require cystic fluid testing and those who merely
require observation.
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Abstract
AIM: To investigate the difference in long-term
outcomes between gastric cancer patients with and
without a primary symptom of overt bleeding (OB).
METHODS: Consecutive patients between January 1,
2007 and March 1, 2012 were identified retrospectively
by reviewing a gastric cancer database at Xinhua
Hospital Affiliated to Shanghai Jiao Tong University
School of Medicine. A follow-up examination was
performed on patients who underwent a radical
gastrectomy. OB due to gastric cancer included
hematemesis, melena or hematochezia, and gastric
cancer was confirmed as the source of bleeding by
endoscopy. Patients without OB were defined as
cases with occult bleeding and those with other initial
presentations, including epigastric pain, weakness,
weight loss and obstruction. The 3-year overall
survival (OS) rate, age, gender, AJCC T stage, AJCC
N stage, overall AJCC stage, tumor size, histological
type, macroscopic (Borrmann) type, lymphovascular
invasion and R status were compared between patients
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with and without OB. Moreover, we carried out a
subgroup analysis based on tumor location (upper,
middle and lower).
RESULTS: We identified 939 patients. Of these,
695 (74.0%) were hospitalized for potential radical
gastrectomy and another 244 received palliative
resection, rerouting of the gastrointestinal tract,
chemotherapy, radiotherapy or no treatment due to
the presence of unresectable tumors. Notably, there
was no significant difference in the percentage of OB
patients between resectable cases and unresectable
cases (20.3% vs 22.1%, P = 0.541). Follow-up
examination was performed on 653 patients (94%)
who underwent radical gastrectomy. We found no
significant difference in 3-year OS rate (68.2% vs
61.2%, P = 0.143) or clinicopathological characteristics
(P > 0.05) between these patients with and without
OB. Subgroup analysis based on tumor location
showed that the 3-year OS rate of upper gastric cancer
was significantly higher in patients with OB (84.6%)
than in those without OB (48.1%, P < 0.01) and that
AJCC stages Ⅰ-Ⅱ (56.4% vs 35.1%, P = 0.017) and
T1-T2 category tumors (30.8% vs 13%, P = 0.010)
were more frequent in patients with OB than in those
without OB. There was no significant difference in
3-year OS rate or clinicopathological characteristics
between patients with and without OB (P > 0.05) for
middle or lower gastric cancer.
CONCLUSION: Upper gastric cancer patients with OB
exhibited tumors at less advanced pathological stages
and had a better prognosis than upper gastric cancer
patients without OB.
Key words: Gastric cancer; Overt bleeding; Tumor
location; Prognosis; Pathological stage
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data regarding the clinicopathological
characteristics and long-term outcomes of gastric
cancer patients presenting with overt bleeding (OB)
are extremely limited. Our result showed that the
prognosis of gastric cancer patients with OB was no
worse than the prognosis of those without OB. In fact,
upper gastric cancer patients with OB exhibited tumors
at less advanced pathological stages and had a better
prognosis than upper gastric cancer patients without
OB. This provided a new insight into the intrinsic
nature of gastric cancer with OB.
Wang L, Wang XA, Hao JQ, Zhang LN, Li ML, Wu XS, Weng
H, Lv WJ, Zhang WJ, Chen L, Xiang HG, Lu JH, Liu YB, Dong
P. Long-term outcomes after radical gastrectomy in gastric
cancer patients with overt bleeding. World J Gastroenterol 2015;
21(47): 13316-13324 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13316.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13316
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INTRODUCTION
Gastrointestinal bleeding is classified as either overt
bleeding (OB) or occult bleeding depending on the
[1]
presence or absence of visible bleeding . OB is one
of the most frequent complications in patients with
[2]
gastric cancer , as 1%-10% of hospitalized gastric
[3-7]
cancer patients initially present with OB .
Numerous studies on gastric cancer bleeding have
[2,4,5,7-9]
focused on hemostasis and rebleeding
. However,
data regarding the clinicopathological characteristics
and long-term outcomes of cases presenting with
OB due to gastric cancer are extremely limited, and
there are no reports comparing the clinical outcomes
of patients with OB based on tumor location. The
present study aimed to answer these questions, with a
particular focus on OB in upper gastric cancer.

MATERIALS AND METHODS
Patients

Consecutive gastric cancer patients that presented
between January 1, 2007 and March 1, 2012 were
identified retrospectively by reviewing a gastric cancer
database at Xinhua Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine. The eligibility
criteria for the study included: (1) histologically proven
primary adenocarcinoma of the stomach; (2) no
history of gastrectomy or other previous malignancies;
(3) no prior chemotherapy or radiation therapy; and
(4) involvement of only one portion of the stomach [the
stomach is anatomically divided into three portions,
upper (U), middle (M), and lower (L), according to the
lines connecting the trisected points on the lesser and
[10]
greater curvatures ]. This study was approved by
the Ethics Committee of Xinhua Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine.
Information collected from the database included
the following: patient age and sex; the preoperative
diagnosis; the surgical procedure performed; and
the location, size, histological grade, macroscopic
(Borrmann) type and stage of the primary tumor
th
[according to the 7 edition of the AJCC (American
Joint Committee on Cancer) cancer staging manual:
[11]
stomach ]. The depth of invasion, the presence or
absence of lymph node metastasis and lymphovascular
invasion, and the type of resection-complete (R0) or
incomplete resection (R1 or R2)-were also recorded.
All of these criteria were compared between patients
with and without OB.

Definitions

OB due to gastric cancer included hematemesis,
melena or hematochezia, and gastric cancer was
confirmed as the source of bleeding by endoscopy.
Patients without OB were defined as cases with occult
bleeding and those with other initial presentations,
including epigastric pain, weakness, weight loss and
obstruction. A diagnosis of occult bleeding included
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assessed by the Pearson’s χ test or Fisher’s exact
test. Survival curves were estimated by the KaplanMeier method and compared with the use of the
log-rank test, with stratification according to tumor
location. Multivariate analysis by a Cox’s proportional
hazards model was performed to identify independent
prognostic factors of significance. All tests were two
tailed. P values less than 0.05 were considered to
indicate statistical significance. The analyses were
performed with the use of IBM SPSS Statistics 19.0
(SPSS Inc., Chicago, IL, United States).

Table 1 Patient proportion according to tumor location n (%)
OB

Non-OB

141 (20.3)
54 (22.1)

554 (79.7)
190 (77.9)

41 (22.9)
14 (15.2)

138 (77.1)
78 (84.8)

17 (24.3)
9 (23.1)

53 (75.7)
30 (76.9)

83 (18.6)
31 (27.4)

363 (81.4)
82 (72.6)

All

P value
0.541

Resectable
Unresectable
Upper
Resectable
Unresectable
Middle
Resectable
Unresectable
Lower
Resectable
Unresectable

0.136

0.887

0.038a

RESULTS

a

P < 0.05, resectable vs unresectable. OB: Overt bleeding.

a positive fecal occult blood test result and/or irondeficiency anemia without evidence of visible fecal
[12-14]
blood according to the patient or the physician
.

Surgical management

Therapies for active bleeding included hemostatic
drugs, endoscopic therapy and emergent embolization
by interventional radiology. If hemostasis was not
achieved, patients received emergency surgery both
for bleeding and as a component of oncologic treatment.
A careful pre- and intra-operative evaluation was
performed on other patients. Those with unresectable
tumors (poor performance status, distant metastasis
and extensive abdominal metastasis) were treated via
palliative resection, rerouting of the gastrointestinal
tract, chemotherapy or radiotherapy. All patients with
resectable tumors underwent radical gastrectomy
and lymphadenectomy (D2+14v for advanced gastric
cancer and D1 or D1+ for early gastric cancer)
according to the guidelines of the Japanese Gastric
[15]
Cancer Association . Histological evaluations were
performed on all resected specimens. A final diagnosis
of malignancy was established based on endoscopic
biopsy or the histological assessment of the surgical
specimens. Patients with an AJCC stages Ⅱ-Ⅳ tumor
received postoperative chemotherapy.

Follow-up

Patients who underwent radical gastrectomy were
followed every 3 or 6 mo for 2 years and annually
thereafter until death. The median follow-up duration
for the entire cohort was 44 mo (range, 0-97 mo).
A follow-up evaluation of all patients included in
this study was completed by March 1, 2015. Ultra
sonography, computed tomography, chest X-ray, and
endoscopy were performed at each visit.

Statistical analysis

Consecutive variables were assessed by Student’
s t-test, and results are given as mean ± SD. MannWhitney U tests were adopted when consecutive
variables were not normal. Categorical variables were
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During the study period, 939 consecutive gastric
cancer patients were identified, including 195 (20.8%)
with OB and 744 without OB. Of these, 695 (74.0%)
were hospitalized for potential radical gastrectomy and
another 244 received palliative resection, rerouting of
the gastrointestinal tract, chemotherapy, radiotherapy
or no treatment due to the presence of unresectable
tumors accompanied by distant metastasis, extensive
abdominal metastasis or poor performance status.
Notably, there was no significant difference in the
percentage of OB patients between resectable cases
and unresectable cases (20.3% vs 22.1%, P = 0.541)
(Table 1).
A follow-up examination was performed on 653
(94.0%) of the 695 patients who underwent a radical
gastrectomy. The patients who underwent follow-up
were aged 63.0 ± 12.0 years (range, 16-93 years).
The male-to-female ratio among the 653 enrolled
patients was 2.05 (439 males and 214 females). Of
these patients, 132 (20.2%) were hospitalized with
a primary symptom of OB. Additionally, 128 patients
who achieved hemostasis underwent elective surgery,
whereas 4 patients who failed to achieve hemostasis
underwent emergency surgery. The characteristics
of the 132 patients with OB and the 521 patients
without OB were comparable (Table 2). There was
no significant difference in the 3-year overall survival
rate between patients with OB (68.2%, 319/521) and
those without OB (61.2%, 90/132, P = 0.143) (Figure
1A).

Upper gastric cancer

two hundred and seventy-one consecutive upper
gastric cancer patients were identified. Of these, 179
(66.1%) underwent radical gastrectomy. There was no
significant difference in the percentage of patients with
OB between resectable cases and unresectable cases
(22.9% vs 15.2%, P = 0.136) (Table 1). A follow-up
examination was performed on 170 (95.0%) out of
the 179 patients who underwent radical gastrectomy,
including 39 (22.9%) with OB and 131 (77.1%)
without OB. Of the 39 tumors in OB cases, 33 (82.1%)
were found in the cardia and the lesser curvature and
6 (15.4%) were located in the fundus and the greater
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Table 2 Patient characteristics for the whole patient group and upper gastric cancer patients n (%)
All
Non-OB
Gender1
Male
Female
Age2
AJCC stage1
Ⅰ-Ⅱ
Ⅲ-Ⅳ
T category1
T1-T2
T3-T4
Involved lymph nodes2
N category1
N0
N1-N3
Macroscopic (Borrmann) type1
EGC
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Histological grade1
G1-G2
G3-G4
Size (cm)2
R status1
R0
R1
Lymphovascular invasion1
Positive
Negative

Upper gastric cancer

P value

OB

Non-OB

OB

94 (71.8)
37 (28.2)
64.8 ± 10.6

28 (71.8)
11 (28.2)
62 ± 12.8

46 (35.1)
85 (64.9)

22 (56.4)
17 (43.6)

0.718
352 (67.6)
169 (32.4)
63.2 ± 11.6

87 (65.9)
45 (34.1)
62.2 ± 13.4

240 (46.1)
281 (53.9)

72 (54.5)
60 (45.5)

0.497
0.081

0.996

0.201
163 (31.3)
358 (68.7)
5.4 ± 7.8

49 (37.1)
83 (62.9)
4.7 ± 6.5

187 (35.9)
334 (64.1)

49 (37.1)
83 (62.9)

90 (17.5)
30 (5.8)
325 (62.4)
23 (4.4)
52 (10)

19 (14.4)
14 (10.6)
81 (61.4)
5 (3.8)
13 (9.8)

176 (33.8)
345 (66.2)
4.7 ± 2.9

40 (30.3)
92 (69.7)
4.1 ± 2.1

508 (97.5)
13 (2.5)

130 (98.5)
2 (1.5)

437 (83.9)
84 (16.1)

112 (84.8)
20 (15.2)

0.523
0.793

17 (13)
114 (87)
4.9 ± 5.9

12 (30.8)
27 (69.2)
4.2 ± 6.0

36 (27.5)
95 (72.5)

14 (35.9)
25 (64.1)

8 (6.1)
8 (6.1)
89 (67.9)
9 (6.9)
17 (13)

4 (10.3)
8 (20.5)
23 (59)
0 (0)
4 (10.3)

47 (35.9)
84 (64.1)
5.4 ± 3.0

13 (33.3)
26 (66.7)
4.1 ± 2.0

123 (93.9)
8 (6.1)

39 (100)
0 (0)

108 (82.4)
23 (17.6)

34 (87.2)
5 (12.8)

0.357

0.448

0.083
0.729

P value

0.276
0.017a

0.010a

0.248
0.311

0.036a

0.770

0.785

0.018a
0.114

0.484

Pearson’s χ 2 test; 2Mann-Whitney U-test. aP < 0.05, non-OB vs OB. EGC: early gastric cancer; OB: Overt bleeding.

1

curvature of the stomach. The clinicopathological
characteristics are presented in Table 2. Characteristics
including gender, age, AJCC N stage, the number of
involved lymph nodes, histological grade, tumor size,
R status and lymphovascular invasion status (P >
0.05) were similar between patients with and without
OB. Early gastric cancer and Borrmann type Ⅰ tumors
were observed more frequently in patients with OB.
Comparing the clinicopathological characteristics
according to invasion depth and AJCC stage, the
percentage of patients with AJCC T1-T2 category
tumors was significantly higher among patients with
OB than among those without OB (30.8% vs 13%,
P = 0.010), and the proportion of patients with AJCC
stages Ⅰ-Ⅱ tumors was significantly higher among
patients with OB than among those without OB (56.4%
vs 35.1%, P = 0.017). Moreover, patients presenting
with OB had smaller primary tumors than those
without OB (4.1 ± 2.0 cm vs 5.4 ± 3.0 cm, P = 0.018).
The 3-year overall survival rate was significantly higher
in patients with OB (84.6%) than in those without OB
(48.1%, P < 0.01; Figure 1B).
Table 3 summarizes the results of univariate and
multivariate analyses. The factors considered in the
univariate and multivariate models of overall survival

WJG|www.wjgnet.com

included age, sex, AJCC T stage, AJCC N stage, overall
AJCC stage, tumor size, histological type, macroscopic
(Borrmann) type, lymphovascular invasion, R status
and OB. Based on multivariate survival analysis,
only overall AJCC stage (HR = 1.638, 95%CI:
1.366-1.966, P < 0.001), tumor size (HR = 1.090,
95%CI: 1.012-1.174, P = 0.023) and OB (vs non-OB)
(HR = 0.346, 95%CI: 0.148-0.808, P = 0.014) were
determined to be independent prognostic factors.

Middle gastric cancer

A total of 109 consecutive middle gastric cancer patients
were included. Of these, 70 (64.2%) underwent
radical gastrectomy. There was no difference in the
percentage of patients with OB between resectable
cases and unresectable cases (24.3% vs 23.1%,
P = 0.887) (Table 1). A follow-up examination was
performed on 66 (94.3%) of the radical gastrectomy
patients. Of these, 16 (24.2%) were hospitalized with
an initial manifestation of OB. The characteristics of
the patients with or without OB were comparable
(Table 4). No significant difference in age, sex, overall
AJCC stage, AJCC T stage, AJCC N stage, the number
of involved lymph nodes, macroscopic (Borrmann)
type, histological grade, tumor size, R status or
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Figure 1 Three-year overall survival. A: The whole patient group; B: The upper gastric cancer; C: The middle gastric cancer; D: The lower gastric cancer. OB:
patients with a primary symptom of overt bleeding; Non-OB: patients without a primary symptom of OB.

lymphovascular invasion status (P > 0.05) was
observed between patients with and without OB. The
3-year overall survival rates were also similar between
these groups (50% vs 56%, P = 0.656; Figure 1C).
Multivariate survival analysis was not performed on
the middle gastric cancer patients because of the small
sample size.

Lower gastric cancer

A total of 559 consecutive lower gastric cancer patients
were observed. Of these, 446 (79.9%) underwent
radical gastrectomy. The percentage of patients with
OB was significantly different between resectable and
unresectable cases (18.6% vs 27.6%, P = 0.038)
(Table 1). A follow-up examination was performed on
417 (93.5%) out of the 446 patients who underwent
radical gastrectomy, including 77 (18.5%) patients
with OB and 340 (81.5%) patients without OB. The
characteristics of the patients with and without OB
were comparable (Table 4). Similar 3-year overall
survival rates were observed between these groups
(63.6% vs 67.1%, P = 0.553; Figure 1D). The factors
used in the univariate and multivariate models for
lower gastric cancer patients were the same that were
used for upper gastric cancer patients. The results of
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univariate and multivariate analyses of the clinical and
pathological characteristics are presented in Table 5.
Based on multivariate survival analysis, only the overall
AJCC stage (HR = 1.690, 95%CI: 1.508-1.894, P <
0.001), lymphovascular invasion status (positive vs
negative, HR = 1.687, 95%CI: 1.160-2.455, P = 0.006)
and age (HR = 1.023, 95%CI: 1.008-1.037, P = 0.002)
were determined to be independent prognostic factors.

DISCUSSION
OB in patients with gastric cancer is a rare but
serious condition with potentially dangerous effects.
Although numerous studies have been conducted
on the risk factors associated with gastric cancer
bleeding and rebleeding, data regarding long-term
outcomes following surgery and the pathological
characteristics of gastric cancer patients with OB are
extremely limited. The results of the current study
provide information for clinical physicians to use when
evaluating gastric cancer patients with OB. These
findings also provide the following new perspectives
relevant to our understanding of this group of patients:
gastric cancer with OB is not synonymous with
advanced gastric cancer, and its prognosis is no worse
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Table 3 Univariate and multivariate survival analyses for
upper gastric cancer
Variable

Univariate
analysis
P value

Age1
Gender (vs male)2
OB vs non-OB2
AJCC stage3
AJCC T category3
AJCC N category3
Macroscopic (Borrmann)
type2 (vs type Ⅰ)

0.056
< 0.001b
< 0.001b
< 0.001b
< 0.001b
0.003b

Multivariate analysis
HR

95%CI

P value

0.346
1.638

0.148-0.808
1.366-1.966

0.014a
< 0.001b

1.090

1.012-1.174

0.023a

Ⅱ
Ⅲ
Ⅳ

Histological type3
Size1
R status2 (vs R0)
R1
Lymphovascular invasion2
(vs negative)
Positive

0.069
0.008b
0.001b

1

Consecutive variables; 2 Unordered categorical variables; 3 Ordinal
categorical variables. aP < 0.05; bP < 0.01.

than the prognosis for gastric cancer without OB. In
fact, patients with proximal gastric cancer with OB
exhibit less advanced pathological stages and a better
prognosis than patients with proximal gastric cancer
without OB.
To investigate why the 3-year overall survival rate
following surgery was significantly higher for upper
gastric cancer patients presenting with OB than without
OB, we compared clinicopathological characteristics
between these two subgroups of upper gastric cancer
patients. Our results revealed that compared to
proximal gastric cancer patients without OB, those
with OB exhibited not only less advanced tumors with
respect to both overall AJCC stage and AJCC T stage
but also smaller tumors. Further multivariate survival
analysis demonstrated that the overall AJCC stage,
tumor size and OB were independent factors affecting
prognosis. An increment of one stage in the overall
AJCC classification was associated with a 1.638-fold
increased risk of death within 3 years of surgery. This
result may explain why the former type of cancer
[16]
exhibits a more positive prognosis. Fox et al demon
strated that 62% of gastric cancer patients with
bleeding were classified as overall AJCC stages Ⅰ-Ⅱ.
[17]
Similarly, Kodama and colleagues and Moreno-Otero
[6]
et al found that 72.2% of these patients exhibited
early stage tumors and an intraluminal growth pattern
with irregularly distributed erosions or shallow, but not
deep, ulcerations. These previous results support the
[18]
findings of the current study. Gertsch et al compared
the prognosis of gastric cancer patients with bleeding
and serosal invasion with the prognosis of gastric
cancer patients without complications, but found no
statistically significant difference in clinicopathological
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characteristics or prognosis between the two groups.
The following two considerations could explain why the
[18]
results of Gertsch et al were not consistent with the
findings of the current study. On one hand, Gertsch
[18]
et al
did not perform a stratified analysis that
accounted for the differences in the locations of gastric
cancer. On the other hand, the two studies assessed
different subject populations: in particular, Gertsch et
[18]
al
examined gastric carcinoma patients with serosal
invasion, whereas we examined all gastric cancer
patients at tumor stages T1-T4b.
Bleeding occurs as a result of gastric cancer for
many reasons, including an increase in the size of the
tumor body, insufficient blood supply to the central
portion of the tumor, the softening, necrosis, and
ulceration of tumor tissues, bleeding from the surface
of the tumor ulcer, and the rupture of small and
[6]
medium blood vessels . An interesting phenomenon
discovered in this study was that in cases of upper
gastric cancer, tumors accompanied by OB tended
to be classified as an earlier pathological stage
than tumors without OB; however, lower gastric
adenocarcinomas did not follow this trend. Why did
gastric adenocarcinomas with OB at different locations
exhibit such different pathological presentations? Koh
[2]
et al examined the effects of different hemostasis
treatment methods on bleeding resulting from gastric
cancer and found that when transarterial embolization
was performed after endoscopic hemostasis had failed,
the left gastric artery was the predominant problematic
artery. These results suggested that it would be
challenging to stop gastric cancer bleeding from the
left gastric artery. The current study also found that
in 82.1% of upper gastric cancer patients with OB,
the tumor was located in the cardia and the lesser
curvature, for which the left gastric artery is the main
feeding artery. Based on the combination of the results
[2]
of the present study and the findings of Koh et al , we
propose the following hypothesis. The left gastric artery
and its branches are adjacent to the celiac artery and
have high pressure and rich blood flow. Therefore,
tumors in the cardia and the lesser curvature grow
rapidly and readily display invasion and necrosis. When
tumor tissue infiltration destroys branches of the left
gastric artery, any resulting bleeding may be resistant
to self-coagulation because these branches have high
vascular pressure; thus, OB can easily occur in these
cases. Therefore, OB provides an opportunity for the
early diagnosis and treatment of upper gastric cancer
patients. Lower gastric adenocarcinomas typically arise
at the gastric antrum. The blood supply to this location
is primarily provided by the right gastric artery and
the right gastroepiploic artery, which originate from
the proper hepatic artery and the gastroduodenal
artery, respectively. Both of these arteries are far from
the celiac artery and have relatively low pressure.
When tumor tissues invade the branches of these
arteries, the resulting bleeding can relatively rapidly
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Table 4 Patient characteristics for middle and lower gastric cancer patients n (%)
Middle gastric cancer
Non-OB
Gender1
Male
Female
Age2
AJCC stage1
Ⅰ-Ⅱ
Ⅲ-Ⅳ
T category1
T1-T2
T3-T4
Involved lymph nodes2
N category1
N0
N1-N3
Macroscopic (Borrmann) type1
EGC
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Histological grade1
G1-G2
G3-G4
Size (cm)2
R status1
R0
R1 + R2
Lymphovascular invasion1
Positive
Negative

Lower gastric cancer

P value

OB

Non-OB

OB

229 (67.4)
111 (32.6)
62.8 ± 11.9

50 (64.9)
27 (35.1)
62.6 ± 13.6

176 (51.8)
164 (48.2)

42 (54.5)
35 (45.5)

134 (39.4)
206 (60.6)
5.1 ± 7.9

31 (40.3)
46 (59.7)
4.5 ± 6.2

137 (40.3)
203 (59.7)

27 (35.1)
50 (64.9)

76 (22.4)
18 (5.3)
207 (60.9)
12 (3.5)
27 (7.9)

12 (15.6)
4 (5.2)
51 (66.2)
3 (3.9)
7 (9.1)

119 (35.0)
221 (65)
4.4 ± 2.8

22 (28.6)
55 (71.4)
4.1 ± 2.1

337 (99.1)
3 (0.9)

76 (98.7)
1 (1.3)

290 (85.3)
50 (14.3)

63 (81.8)
14 (18.2)

0.902
29 (58)
21 (42)
62.3 ± 11.2

9 (56.3)
7 (43.8)
61.3 ± 14.8

18 (36.0)
32 (64.0)

8 (50.0)
8 (50.0)

12 (24)
38 (76)
8.5 ± 10.6

6 (37.5)
10 (62.5)
7.1 ± 9.0

0.616
0.319

0.684

0.291

14 (28.0)
36 (72.0)

8 (50)
8 (50)

7 (14.0)
4 (8.0)
29 (58.0)
2 (4.0)
8 (16.0)

3 (18.8)
2 (12.5)
7 (43.8)
2 (12.5)
2 (12.5)

0.432
0.104

48 (96.0)
2 (4.0)

15 (93.8)
1 (6.3)

39 (78.0)
11 (22.0)

15 (93.8)
1 (6.3)

0.246
1.000

0.844
0.396

0.742

0.554
5 (31.3)
11 (68.8)
4.0 ± 2.5

1.000
0.659

0.891

0.577

10 (20)
40 (80)
5.0 ± 3.0

P value

0.282

0.266

0.745
0.559

0.445

1

Pearson’s χ 2 test; 2Mann-Whitney U-test. EGC: early gastric cancer; OB: Overt bleeding.

coagulate, and the subsequent recurrence and non-OB
cause fibrosis and thrombosis near the blood vessels.
Thus, OB does not readily occur in these cases. This
hypothesis requires additional validation by future
studies. Another process could cause OB resulting
from a proximal gastric adenocarcinoma. The cardia is
narrower than other parts of the stomach, and tumor
tissue infiltration increases vascular fragility at this
location. When food passes the cardia, it is in a rough,
undigested state. Therefore, mechanical stimuli can
easily cause the rupture of blood vessels at this site.
Bleeding resulting from gastric cancer is closely
associated with the vascular composition of the
[19]
tumor. In 1971, Folkman
proposed that tumor
growth is dependent on angiogenesis. Furthermore,
he suggested that tumor cells and blood vessels
constitute a highly integrated environment. Angio
genesis plays an important role in the process of
[20,21]
cancer development
. High intratumor microvessel
density correlates with high AJCC stage and lymph
node metastasis. Intratumor microvessel density was
found to have independent prognostic significance to
[22]
[23]
cancer , including gastric cancer , compared to
traditional prognostic markers based on multivariate
[24]
analysis. Studies in Japan and China
showed that
the vascular composition of gastric cancer can be
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categorized into hypovascular and hypervascular
tumors, corresponding to Borrmann types Ⅱ-Ⅲ and
Borrmann types Ⅰ and Ⅳ gastric adenocarcinomas,
respectively. In the current study, among upper gastric
cancer cases, OB was observed more frequently
in cases of early gastric cancer and Borrmann
type Ⅰ tumors. There was no difference in the per
centage of Borrmann types Ⅱ-Ⅳ tumors between
upper gastric cancer patients with and without OB.
Is the microvessel density or the Borrmann type of
gastric adenocarcinomas associated with hemorrhaging
from these tumors? Additional large-scale studies
are warranted to precisely determine the impact of
intratumor microvessel density on hemorrhaging from
gastric cancer.
To determine whether selection bias may have
influenced the conclusions of the current study, we
investigated all patients receiving all types of therapies
from our database and found that the rate of OB was
similar between resectable and unresectable tumors.
Therefore, selection bias was not possible for the
whole patient group and upper gastric cancer cohort.
But in the lower gastric cancer cases, the percentage
of patients with OB in patients who underwent radical
gastrectomy was lower than the percentage of patients
with OB in patients who did not undergo radical
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patients with OB based on tumor location. The present study aimed to answer
these questions and provide new perspectives relevant to our understanding of
this group of patients.

Table 5 Univariate and multivariate survival analyses for
lower gastric cancer
Variable

Univariate
analysis

Multivariate analysis

P value
Age1
Gender (vs male)2
OB vs non-OB2
AJCC stage3
AJCC T category3
AJCC N category3
Macroscopic (Borrmann)
type2 (vs type Ⅰ)

HR

95%CI

P value

1.023

1.008-1.037

0.002

1.508-1.894

< 0.001

0.930
0.553
< 0.001b
1.690
< 0.001b
< 0.001bb
< 0.001b

Innovations and breakthroughs

The results of the current study provide information for clinical physicians to
use when evaluating gastric cancer patients with OB. These findings also
provide the following new perspectives relevant to our understanding of this
group of patients: gastric cancer with OB is not synonymous with advanced
gastric cancer, and its prognosis is no worse than the prognosis for gastric
cancer without OB. In fact, patients with proximal gastric cancer with OB exhibit
less advanced pathological stages and a better prognosis than patients with
proximal gastric cancer without OB.

Applications

Ⅱ
Ⅲ

OB provides an opportunity to diagnose proximal gastric cancer at an earlier
pathological stage, thereby significantly improving patient prognosis.

Ⅳ

Histological type3
Size1
R status2 (vs R0)
R1
Lymphovascular
invasion2 (vs negative)
Positive

0.001b

Peer-review

0.003b
< 0.001b

1.687

1.160-2.455

0.006

1

Consecutive variables; 2 Unordered categorical variables; 3 Ordinal
categorical variables; bP < 0.01.

gastrectomy. Including patients who did not undergo
radical gastrectomy, the overall 3-year survival rate
may be lower in patients with OB than in patients
without OB.
Cases of proximal gastric cancer, particularly cancer
of the gastric cardia, only manifest as significant
symptoms such as epigastric pain, weakness, weight
loss and obstruction after the tumor has deeply
infiltrated the gastric tissue. Therefore, most patients
already have mid- to late-stage cancer by the time that
they seek treatment to relieve the symptoms of eating
difficulties and abdominal pain. As a result, these
patients exhibit a poor prognosis. A subset of patients
without OB have occult bleeding; however, this type
of bleeding is generally not discovered in a timely
fashion, resulting in the delay of disease treatment.
Because there is currently no reliable tumor screening
system in China, early diagnoses are difficult to obtain.
Thus, OB provides an opportunity to diagnose proximal
gastric cancer at an earlier pathological stage, thereby
significantly improving patient prognosis.

The paper is an interesting study which provided a new perspective relevant
to our understanding of gastric cancer patients with overt bleeding: overt
bleeding provides an opportunity to diagnose proximal gastric cancer at an
earlier pathological stage, thereby significantly improving patient prognosis. It
is necessary to conduct a prospective clinical study to confirm the result and to
find out the intrinsic difference between gastric cancer with overt bleeding and
gastric cancer without overt bleeding.
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Abstract
AIM: To analyze the relationship between lymph
node metastasis and clinical pathology of early gastric
cancer (EGC) in order to provide criteria for a feasible
endoscopic therapy.
METHODS: Clinical data of the 525 EGC patients who
underwent surgical operations between January 2009
and March 2014 in the West China Hospital of Sichuan
University were analyzed retrospectively. Clinical
pathological features were compared between different
EGC patients with or without lymph node metastasis,
and investigated by univariate and multivariate analyses
for possible relationships with lymph node metastasis.
RESULTS: Of the 2913 patients who underwent
gastrectomy with lymph node dissection, 529 cases
were pathologically proven to be EGC and 525 cases
were enrolled in this study, excluding 4 cases of gastric
stump carcinoma. Among 233 patients with mucosal
carcinoma, 43 (18.5%) had lymph node metastasis.
Among 292 patients with submucosal carcinoma,
118 (40.4%) had lymph nodemetastasis. Univariate
analysis showed that gender, tumor size, invasion
depth, differentiation type and lymphatic involvement
correlated with a high risk of lymph node metastasis.
Multivariate analysis revealed that gender (OR = 1.649,
95%CI: 1.091-2.492, P = 0.018), tumor size (OR =
1.803, 95%CI: 1.201-2.706, P = 0.004), invasion
depth (OR = 2.566, 95%CI: 1.671-3.941, P = 0.000),
histological differentiation (OR = 2.621, 95%CI:
1.624-4.230, P = 0.000) and lymphatic involvement
(OR = 3.505, 95%CI: 1.590-7.725, P = 0.002) were
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independent risk factors for lymph node metastasis.
Comprehensive analysis showed that lymph node
metastasis was absent in patients with tumor that was
limited to the mucosa, size ≤ 2 cm, differentiated and
without lymphatic involvement.
CONCLUSION: We propose an endoscopic therapy
for EGC that is limited to the mucosa, size ≤ 2 cm,
differentiated and without lymphatic involvement.
Key words: Early gastric cancer; Clinical pathological
features; Risk factor; Endoscopic therapy; Lymph node
metastasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Early gastric cancer (EGC) is defined as
invasive gastric cancer that invades no more deeply
than the submucosa, irrespective of lymph node
metastasis. Gastrectomy/endoscopic resection can be
used for the treatment of patients meeting appropriate
criteria. In this study, we retrospectively evaluated
the relationship between lymph node metastasis
and clinical pathological features of 525 EGC cases.
Univariate and multivariate analyses were applied to
confirm the risk factors for lymph node metastasis,
and to establish indications for a feasible individualized
endoscopic therapy for EGC.
Guo TJ, Qin JY, Zhu LL, Wang J, Yang JL, Wang YP.
Feasible endoscopic therapy for early gastric cancer. World J
Gastroenterol 2015; 21(47): 13325-13331 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i47/13325.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i47.13325

MATERIALS AND METHODS
Patient characteristics

We collected 2913 cases of patients who underwent
gastrectomy with lymph node dissection at West China
Hospital of Sichuan University between January 2009
and March 2014. Of these, 529 cases were patho
logically proven to be EGCs. A total of 525 cases were
enrolled in this study, excluding 4 cases of gastric
stump carcinoma. Patient characteristics, including age
and gender, were collected. In addition, information on
tumor size, histological type, invasion depth, ulceration
and lymphatic invasion was also retrieved from
medical records.

Methods

INTRODUCTION
Early gastric cancer (EGC) is defined by the Japanese
Society of Gastroenterological Endoscopy as invasive
gastric adenocarcinoma confined to the mucosa or
submucosa, irrespective of lymph node metastasis
[1]
(T1, any N) . Worldwide, gastrectomy remains the
most widely used approach for the treatment of EGC,
and the 5-year survival rate of patients who undergo
[2]
curative surgery exceeds 90% . Hence, it is important
to detect and treat the cancer at early stage. In
recent years, with the constant development of new
endoscopy technology, such as chromoendoscopy,
magnifying endoscopy, endoscopic ultrasonography
(EUS) and the improvement of endoscopic diagnosis,
more and more EGC are detected and accurately
[3]
diagnosed . Approximately 50% of gastric cancer
cases currently found in Japan ar eat early stage,
[4]
while in China, less than 10% of EGC is diagnosed .
The percentage has been gradually improving
[5]
recently . Meanwhile, minimally invasive techniques,
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especially endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD) for EGC, have
dramatically grown. Compared with traditional radical
surgical procedure, endoscopic treatment has many
unique features, including being equally effective, less
invasive, and having fewer complications and faster
postoperative recovery, which make it possibly a better
[6,7]
option for EGC patients . For EGC with lymph node
metastasis, however, EMR and ESD are not ideal since
they are unable to remove lymph nodes and thus
achieve a radical cure effect. So accurate judgment of
lymph node metastasis in patients with EGC is very
important for the selection of appropriate therapy
[8]
and prognosis of patients . This study retrospectively
analyzed the clinical data of 525 patients with EGC
who underwent gastrectomy with lymph node dis
section in our hospital over the last five years. The
purpose is to evaluate the relationship between lymph
node metastasis and clinical pathological features of
EGC, and to propose criteria for feasible individualized
endoscopic therapy.

th

According to the 7 edition of Tumor-Node-Metastasis
stage criteria by the American Joint Committee on
Cancer, we subdivided EGC into: T1a-invasion of
lamina propria or muscularis mucosae; T1b-invasion
[9]
of submucosa . The depth of tumor invasion was
classified as mucosa (T1a) and submucosa carcinoma
(T1b). The maximum diameter of tumor was recorded
as tumor size according to the operation records
and pathologic description. Tumor histology was
classified into two groups according to Japanese
classification of gastric carcinoma: the differentiated
group, which included papillary adenocarcinoma and
well or moderately differentiated adenocarcinoma;
and the undifferentiated group, which included poorly
differentiated adenocarcinoma, mucinous, and signet
[10]
ring cell carcinoma . Associations between lymph
node metastasis and clinical pathological features
were assessed by univariate (Table 1) and multivariate
(Table 2) analyses, and the lymph node metastasis
status of T1a tumors according to gender, tumor size,
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Table 2 Multivariate analysis of risk factors of 525 early
gastric cancer cases for lymph node metastasis

Table 1 Clinical pathological features of 525 early gastric
cancer cases and univariate analysis of risk factors for lymph
node metastasis n (%)

Variables
Variables

Lymph node metastasis

Gender
Male
Female
Age (yr)
< 60
≥ 60
Tumor size (cm)
≤2
>2
Invasion depth
Mucosa (T1a)
Submucosa (T1b)
Histology
Differentiated
Undifferentiated
Ulceration
Present
Absent
Lymphatic involvement
Present
Absent

P value

Negative
(n = 364)

Positive
(n = 161)

241 (73.5)
123 (62.4)

87 (26.5)
74 (37.6)

0.008

207 (67.2)
157 (72.4)

101 (32.8)
60 (27.6)

0.208

202 (76.5)
162 (62.1)

62 (23.5)
99 (37.9)

0.000

190 (81.5)
174 (59.6)

43 (18.5)
118 (40.4)

0.000

144 (80.9)
220 (63.4)

34 (19.1)
127 (36.6)

0.000

79 (65.8)
285 (70.4)

41 (34.2)
120 (29.6)

0.344

11 (33.3)
353 (71.7)

22 (66.7)
139 (28.3)

0.000

Gender (female/male)
Tumor size (> 2 cm/≤ 2 cm)
Invasion depth (T1b/T1a)
Histology
(undifferentiated/differentiated)
Lymphaticinvolvement
(present/absent)

P value
0.018
0.004
0.000
0.000

3.505

1.590-7.725

0.002

Multivariate analysis of risk factors for lymph node
metastasis

Statistical analysis

All the data were analyzed with SPSS 22.0 statistics
software (Chicago, IL, United States). Univariate
2
analysis was performed by χ test (or Fisher’s exact
test when appropriate) to compare the clinicopa
thological factors between patients with and without
lymph node metastasis. Significant factors noted by
univariate analysis were subsequently entered into a
multivariate logistic regression model to assess the
independent risk factors for lymph node metastasis.
OR and 95%CI were calculated, and statistical
significance was established at P < 0.05.

RESULTS
Among the 525 patients with EGC, 161 (30.7%)
were shown to have lymph node metastasis and
364 (69.3%) had no lymph node metastasis. This
study included 233 mucosal carcinomas and 292
submucosal carcinomas. Among 233 patients with
mucosal carcinoma, 43 (18.5%) had lymph node
metastasis. Among 292 patients with submucosal
carcinoma, 118 (40.4%) had lymph node metastasis.
The relationship between lymph node metastasis and
various clinicopathological factors was analyzed first by
χ 2 test (Table 1). Female gender (P = 0.008), tumor
size > 2 cm (P = 0.000), invasion depth (submucosal
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95%CI
1.091-2.492
1.201-2.706
1.671-3.941
1.624-4.230

invasion) (P = 0.000), undifferentiated histology (P =
0.000) and presence of lymphatic involvement (P =
0.000) were significantly associated with a higher rate
of lymph node metastasis. In contrast, no significant
relationship between lymph node metastasis and age
or ulceration was found.

histological differentiation and lymphatic involvement
was analyzed (Table 3).

Univariate analysis of risk factors for lymph node
metastasis

OR
1.649
1.803
2.566
2.621

Using multivariate analysis, we found that all five
risk factors identified above demonstrated significant
correlation with lymph node metastasis. Specifically,
female gender (OR = 1.649, 95%CI: 1.091-2.492, P
= 0.018), tumor size > 2 cm (OR = 1.803, 95%CI:
1.201-2.706, P = 0.004), submucosal invasion (OR =
2.566, 95%CI: 1.671-3.941, P = 0.000), histological
differentiation (OR = 2.621, 95%CI: 1.624-4.230, P =
0.000) and presence of lymphatic involvement (OR =
3.505, 95%CI: 1.590-7.725, P = 0.002) were found
to be significantly and independently related to lymph
node metastasis by multivariate logistic regression
analysis (Table 2).

Comprehensive analysis of T1a tumors for lymph node
metastasis

According to four independent factors including gender,
tumor size, lymphatic involvement and histological
differentiation, we analyzed 233 cases of T1a tumor.
Table 3 shows that lymph node metastasis could not
be found in patients with tumor that was limited to
the mucosa, size ≤ 2 cm, differentiated and without
lymphatic involvement, irrespective of the gender.

DISCUSSION
For low risk of lymph node metastasis in EGC which
has en bloc resection, EMR or ESD has become the
[5]
first choice of treatment . How to accurately predict
lymph node metastasis of EGC in the early stage is the
main problem, which determines whether ESD/EMR
treatment can be chosen. Clinically, we usually use EUS,
a combination of endoscopy and ultrasound to obtain
images of the gastrointestinal (GI) tract and adjacent
[11]
structures , and/or spiral computed tomography (CT)
as major screening methods for lymph node metastasis
[12]
of EGC in preoperative assessment . For the use
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Table 3 Comprehensive analysis of 233 mucosal carcinomas (T1a) for lymph node metastasis n (%)
Gender

Tumor size (cm)

Lymphatic involvement

Histology

Lymph node metastasis
Negative

Female (93)

≤2

Absent

Differentiated
Undifferentiated
Differentiated
Undifferentiated
Differentiated
Undifferentiated
Differentiated
Undifferentiated
Differentiated
Undifferentiated
Differentiated
Undifferentiated
Differentiated
Undifferentiated
Differentiated
Undifferentiated

Present
>2

Absent
Present

Male (140)

≤2

Absent
Present

>2

Absent
Present

of EUS in the preoperative determination of lymph
node status in patients with gastric cancer can have a
[13]
significant impact on patient management . Although
the specificity to predict lymph node metastasis is as
[14]
high as 96.3%, the sensitivity of EUS is only 66.7% .
Moreover, the accuracy of EUS dependents on the
diameter size of metastasis lymph nodes and the
[14]
technique of operators . The specificity and sensitivity
of spiral CT in the diagnosis of lymph node metastasis
[15]
are 65% and 75%, respectively . Additionally, it is
difficult to distinguish the metastasis lymph nodes from
small normal lymph nodes by spiral CT, although it has
[13]
certain clinical value for EGC . As the supplement
of EUS and spiral CT, clinical pathology is one of the
effective methods to determine lymph node metastasis
[16]
in EGC .
The reported rates of lymph node metastasis
were 2.6%-4.8% for mucosal carcinoma and
[17]
16.5%-23.6% for submucosal carcinoma . However,
our data showed that the positive rates of lymph node
metastasis in mucosal and submucosal lesions were
18.5% and 40.4%, respectively. This difference may
be due to the limitations of our sample collection. We
simply retrospectively analyzed radical surgery patients
as the research subjects over the most recent fiveyear period. It should be noted that some EGC patients,
who were judged without lymph node metastasis by
EUS/spiral CT, received ESD/EMR treatment instead of
surgery. These patients were excluded from our study,
which might lead to the high positive rates of lymph
node metastasis.
Many studies have evaluated the risk of lymph
node metastasis in gastric cancer. For example, Lim
[8]
et al found that tumor size, invasion depth and
lymphatic involvement were closely related to lymph
[18]
node metastasis in EGC. In addition, Ye et al
and
[19]
Abe et al
reported that histological differentiation
and gender were independent risk factors for lymph
node metastasis in EGC. Consistent with these reports,
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14
32
0
0
5
17
0
0
36
31
0
1
28
26
0
0

Positive
0 (0)
8 (20)
1 (100)
0 (0)
1 (16.7)
15 (46.9)
0 (0)
0 (0)
0 (0)
9 (22.5)
0 (0)
1 (50)
2 (6.7)
6 (18.75)
0 (0)
0 (0)

in our study involving 525 patients and univariate/
multivariate analyses, we found that tumor size,
invasion depth, lymphatic involvement, histological
differentiation and gender were independent risk
factors for lymph node metastasis.
Multivariate analysis found that the risk of lymph
node metastasis in EGC patients differed according
to tumor size and invasion depth: tumor size > 2
cm had 1.803 times (95%CI: 1.201-2.706) greater
risk than tumor size ≤ 2 cm; submucosal carcinoma
had 2.566 times (95%CI: 1.671-3.941) greater risk
than mucosa carcinoma. These data are consistent
with previous reports that tumor size and invasion
depth are considered to be independent risk factors
[20,21]
for lymph node metastasis
. Specifically, when
the tumor is larger than 2 cm in diameter and
infiltrates into the submucosa, the risk for lymph node
metastasis increases significantly. It would be better
[22]
to choose surgery instead of endoscopic therapy .
Multivariate analysis also found that the risk for
lymph node metastasis was 3.505 times greater with
[23]
[24]
lymphatic invasion. Liu et al
and Nakamura et al
analyzed 188 cases and 73 cases of EGC respectively,
and reported that lymphatic involvement was an
independent risk factor for lymph node metastasis in
EGC, which was consistent with our conclusion.
We found that histological differentiation was
significantly correlated with lymph node metastasis.
Undifferentiated EGC had a much higher risk than
differentiated EGC in lymph node metastasis. Ye
[18]
et al
previously reported the same conclusion.
It should be noted, however, that there has been
evidence showing no correlation between histological
[19,25]
differentiation and lymph node metastasis for EGC
.
[26]
Gotoda et al divided 5265 cases of EGC into mucosal
carcinoma and submucosal carcinoma, and analyzed
them retrospectively. They reported that lymph node
metastasis in mucosal carcinoma was associated
with histological differentiation, while there was no
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Early gastric cancer

T1a-invasion of lamina propria or
muscularis mucosae

Tumor size ≤ 2 cm

T1a-invasion of
submucosa

Tumor size > 2 cm

ESD/EMR

Specimen

Without lymphatic involvement and
differentiated

With lymphatic involvement and/or
differentiated

No additional surgical procedures

Additional surgical procedures

Gastrectomy with
lymphnode dissection

Figure 1 A feasible endoscopic therapy for early gastric cancer. EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

clear relationship between lymph node metastasis in
submucosal carcinoma and histological differentiation.
We also showed that gender was associated with
lymph node metastasis. Females were more likely
to have lymph node metastasis than males. This
finding was consistent with previous reports that the
growth of tumor results from the estrogen produced
[27,28]
by women
. However, the specific biological
mechanism remains unclear. Therefore, the specific
link between gender and lymph node metastasis for
EGC needs to be further examined.
After further analysis of 233 T1a carcinomas
based on four independent factors including gender,
tumor size, lymphatic involvement and histological
differentiation, we propose an endoscopic therapy for
T1a carcinoma that is limited to tumor size ≤ 2 cm,
differentiated and without lymphatic involvement. In
the latest edition of Japanese gastric cancer treatment
guidelines, the indications for endoscopic treatment of
T1a carcinoma are: tumor size ≤ 2 cm, differentiated
[29]
and no ulcer . Different from the guidelines, we
consider “no lymphatic involvement” rather than
“no ulcer” as an indication for endoscopic treatment.
[25]
Consistent with the reports from Park et al and Sung
[30]
et al , our study revealed that ulceration was not
an independent risk factor for lymph node metastasis
in EGC. Additionally, ulceration is mainly judged by
endoscopy and pathology examinations; both have
certain subjective bias. If patients had previously
undergone mucosa biopsy, it would be quite difficult
to identify primary ulcers from biopsy injuries under
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[31]

the endoscope . So it is difficult to judge precisely
whether there are ulcers or not in clinical practice. In
addition, gastritis profunda cystica has been alongside
[32]
EGC and mimicked cancer .
In recent years, lymphatic involvement is considered
to be the most powerful factor for the prediction of
[33,34]
lymph node metastasis in EGC
. However, there are
no effective methods to estimate lymphatic involvement
preoperatively. Only through pathologic examination
of resection specimens after surgery or endoscopic
resection can we identify lymphatic involvement.
Therefore, once postoperative specimens of EMR/ESD
indicate lymphatic invasion, we should undertake
additional surgical procedures as soon as possible, even
[34]
for T1a patients .
In summary, gender, tumor size, invasion depth,
histology and lymphatic involvement are significantly
correlated with lymph node metastasis. Further
studies on the specific links between gender and
lymph node metastasis are still needed. Patients with
EGC that is limited to the mucosa, tumor size ≤ 2 cm,
differentiated and without lymphatic involvement, have
low risk for lymph node metastasis. For this kind of
EGC, endoscopic therapy, which is safe and as effective
as surgery, is proposed and recommended (Figure 1).
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Abstract
AIM: To describe the application of complete robotic
gastrectomy with transvaginal specimen extraction
(TVSE) for gastric cancer patients.
METHODS: Between July and November 2014, eight
female patients who were diagnosed with gastric
adenocarcinoma underwent a TVSE following a full
robot-sewn gastrectomy. According to the tumor
location, the patients were allocated to two different
groups; two patients received robotic total gastrectomy
with TVSE and the other six received robotic distal
gastrectomy with TVSE.
RESULTS: Surgical procedures were successfully
performed in all eight cases without conversion. The
mean age was 55.3 (range, 42-69) years, and the
mean body mass index was 23.2 (range, 21.6-26.0)
2
kg/m . The mean total operative time and blood loss
were 224 (range, 200-298) min and 62.5 (range,
50-150) ml, respectively. The mean postoperative
hospital stay was 3.6 (range, 3-5) d. The mean number
of lymph nodes resected was 23.6 (range, 17-27).
None was readmitted within 30 d of postoperation.
During the follow-up, no stricture developed nor was
any anastomotic leakage detected.
CONCLUSION: It is possible to perform a TVSE fo
llowing a full robot-sewn gastrectomy with standard D2
lymph node resection for female gastric cancer patients.
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Core tip: It is widely recognized that the natural orifice
specimen extraction (NOSE) could reduce postoperative
pain, length of stay, and morbidity. Although NOSE has
been performed in different institutions, there has not
been any report of transvaginal specimen extraction
following full robot-sewn gastrectomy for female
gastric cancer. This study describes the new application
of complete robotic gastrectomy with transvaginal
specimen extraction in eight patients with gastric
cancer in Jinling Hospital. There were two different
surgeries performed, robotic total gastrectomy and
robotic distal gastrectomy.
Zhang S, Jiang ZW, Wang G, Feng XB, Liu J, Zhao J, Li JS.
Robotic gastrectomy with transvaginal specimen extraction for
female gastric cancer patients. World J Gastroenterol 2015;
21(47): 13332-13338 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13332.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13332

INTRODUCTION
Gastric cancer is one of the most prevalent cancer
[1]
in China . Nearly a million new cases are diagnosed
each year in the world, and it is the fourth most
common type of cancer and the second leading cause
[2]
of death worldwide . For generations, surgeons
have been contriving new surgical methods for inner
organs, especially the stomach. These methods include
open gastrectomy, laparoscopic gastrectomy, robotic
gastrectomy, and natural orifice specimen extraction
[3,4]
(NOSE) .
It is widely recognized that NOSE could reduce
postoperative pain, length of stay, and morbidity.
Although NOSE has been performed in a lot of
institutions, there has not been any report of tran
svaginal specimen extraction (TVSE) following full
robot-sewn gastrectomy for gastric cancer. This article
aims to report robotic gastrectomy following a TVSE
in eight patients with gastric cancer in Jinling Hospital.
There were two different surgeries performed, robotic
total gastrectomy (RTG) and robotic distal gastrectomy
(RDG).

MATERIALS AND METHODS
Patients

Eight female patients with gastric cancer were
enrolled in this study between July and November
2014. All patients were newly diagnosed with gastric
cancer pathologically. The study was approved by the
Research Ethics Committee of Nanjing University. All
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eight specimen extraction case series following full
robot-sewn gastrectomy were performed in Jinling
Hospital. Patients with a tumor that is too large or
too difficult to resect were excluded in this study.
Only multipara with no other underlying diseases was
enrolled. Other organ (lung or kidney) dysfunction
and abnormal clinical test results were not considered
in this study. Patients who had taken chemotherapy
or radiotherapy preoperatively were also excluded.
According to the tumor location, the patients were
primarily allocated to two different groups; two
patients received RTG with TVSE and the other six
received RDG with TVSE.

Surgical techniques

All eight robotic gastrectomies were carried out by
the same surgeon (Jiang ZW) with full intracorporeal
[5]
robot-sewn anastomosis . The surgical procedure
was carried out in four stages: (1) six of these patients
underwent robotic distal gastrectomy followed by
Billroth Ⅱ reconstruction, and two underwent robotic
total gastrectomy followed by Roux-en-Y reconstruction;
(2) all the eight patients went through a standard D2
lymph node dissection (distal gastrectomy: 1, 3, 4Sb,
4d, 5, 6, 7, 8a, 9, 11p, 12a; total gastrectomy: 1, 2, 3,
[6]
4Sa, 4Sb, 4d, 5, 6, 7, 8a, 9, 10, 11, 12a ) ; (3) partial
omentectomy might be conducted if necessary; and (4)
the TVSE and suture of wound were conducted.

Positioning and settlement of robotic arms

After general anesthesia, a 12-mm trocar was inserted
into the abdomen through the sub-umbilical area,
and a pneumoperitoneum was formed by insufflations
of carbon dioxide. The intraperitoneal pressure was
maintained at 11-13 mmHg. With patients placed in
the reverse Trendelenburg position, distribution of
trocars was as follows: a 12-mm camera port, three
8-mm robotic working ports, and one additional (12
mm) on-table assistant port (1-5; Figure 1). During
the procedure, one ultrasonic scalpel, two Cadiere
forceps, and one mega needle driver were used.

Surgical procedure

The Da Vinci Robotic System was installed with its
arms settled in position. Afterwards, the operator first
inspected the abdominal cavity for any sign of tumor
seeding or metastasis. The greater curvature of the
stomach was mobilized by the ultrasonic scalpel. The
gastrocolic ligament was cut with the ascending colon
lifted by robotic arms. The left gastroepiploic artery
was divided at its root after clipping. The dissection
then proceeded towards the right gastroepiploic
vessels, and then the left gastroepiploic vessels were
th
ligated. The 4 set of lymph nodes along the greater
th
curve of the stomach were dissected with the 6 set
of the intrapyloric lymph nodes. Then the right gastric
artery was dissected, clipped, cut and ligated, and
th
the 12a lymph nodes were resected with the 5 set
of suprapyloric lymph node. The duodenal stump was
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Figure 1 placement of trocars.

mobilized using an endo-GIA 60 (Covidien, Mansfield,
MA, United States) to allow clipping at the root of
th
the left gastric vessel. After the 7 lymph nodes
were harvested, the 11p set of lymph nodes near
th
the splenic artery were also resected with the 9 set
th
of celiac trunk lymph nodes, and then, the 8 set of
lymph nodes along the common hepatic artery. The
st
rd
1 and 3 sets of perigastric lymph nodes along the
lesser curvature were dissected up to the site of the
right paracardial region and the lesser omentum.
The proximal stomach was divided using an endoGIA 60 (Covidien, Mansfield, MA, United States). In
RTG, additional lymph nodes should be dissected.
nd
The 2 sets of lymph nodes along the left paracardial
region, the 11d sets of lymph nodes over the spleen
th
artery and the 10 sets of splenic hilar lymph nodes
were dissected. Then, the division on the lower end of
esophagus was made by an endo-GIA 60. A retrieval
bag was introduced through the transabdominal trocar,
and the specimen was transferred into it. The retrieval
bag was then transferred into the pelvic cavity for
transvaginal extraction (Figure 2).

Reconstruction

According to the location of tumor, reconstructions
were performed differently. Six patients who
underwent RDG received a Billroth Ⅱ reconstruction
while the other two patients who underwent RTG
received a Roux-en-Y reconstruction. All lymph nodes
dissection as well as the digestive restoration were
performed fully by robotic arms intracorporeally as
[5]
described in previous literature .

TVSE

The robotic system was moved from the headside to
the footside with trocars reallocated; the trocar holes (1
and 2; Figure 1) left on the costal arch were sutured
in case of air leakage. Additional trocars (6 and 7;
Figure 1) were inserted. After the intraperitoneal
pressure had been maintained back to 12 mmHg,
the robotic arms were introduced into the abdominal
cavity with the patients in lithotomy position. By
purse-string suture, the uterus was lifted by a robotic
arm. A 4-cm posterior colpotomy was performed with
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Figure 2 procedure of robotic transvaginal specimen extraction.

a robotic harmonic knife. Like others, we used a two[7-9]
layer retrieval bag to deposit the specimen . Then
the retrieval bag containing the specimen was gently
withdrawn until it reached the intra-abdominal tip of
the transvaginal incision. The withdrawal of retrieval
bag specimen was assisted by a tenaculum placed
on the anterior lip of the cervix (3; Figure 2). After
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Table 1 Basic information of robotic transvaginal specimen extraction patients
Case 1
Age/yr
BMI
Approach
Reconstruction
Number of retrieved LNs
WHO classification
Lauren classification

Histopathology
History

Postoperative stay/d
Stage
TNM
Gross type
During Operation
Blood loss/mL
Blood transfusion/mL
Urine/mL
Operation time/min
Time to first flatus/h

42
23.25
RTG
Roux-en-Y
16/17
PD
Less
curvature
Antrum
adenoma
Null

5

Case 2

Case 3

Case 4

54
49
59
23.1
20.8
25.7
RTG
RDG
RDG
Roux-en-Y
Billroth Ⅱ
Billroth Ⅱ
0/22
0/27
0/24
PD
PD
PD
Less
Less curvature Less curvature
curvature
Body
Body
Antrum
adenoma
adenoma
adenoma
Null
Hemorrhoids 4 Appendectomy
yr ago
10 yr ago
4

3

Case 5

Case 6

Case 7

65
26
RDG
Billroth Ⅱ
0/27
PD
Less
curvature
Body
adenoma
Null

69
21.6
RDG
Billroth Ⅱ
0/25
PD
Less
curvature
Body
adenoma
Null

54
22.2
RDG
Billroth Ⅱ
0/22
PD
Less
curvature
Body
adenoma
Null

3

3

4

3

Case 8

Mean

50
55.3
23.25
23.2
RDG
Billroth Ⅱ
0/25
2/23.6
PD
Less
curvature
Body
adenoma
Caesarean
section 22 yr
ago
4
3.6

T4bN3M0
ⅢC

T1N0M0
IA

T1N0M0
IA

T4bN0M0
ⅢB

T1N0M0
IA

T1N0M0
IA

T1N0M0
IA

T1N0M0
IA

50
0
600
225
30

50
0
400
215
32

100
0
500
298
27

100
0
300
200
33

50
0
300
230
36

50
0
400
200
35

50
0
300
185
28

50
0
450
235
33

62.5
0
406.3
224
31.8

PD: Poorly differentiated; RTG: Robotic total gastrectomy; RDG: Robotic distal gastrectomy.

the removal of the transvaginal incision protector, the
posterior incisions were closed with an self-anchoring
barbed suture (Covidien, United States) suture (4;
Figure 2). Then over 1000 ml of warm water was
poured into the abdominal cavity through one of
the trocar port to clean the cavity. It was carefully
examined to ensure that no spot was left untreated.
One drain was placed in the abdominal cavity through
the ancillary port. Closure of the port incisions with
subcuticular suture completed the operation.

RESULTS
Eight patients participated in the study. The mean
age of the women was 55.3 (range, 42-69) years
(See Table 1), and the mean body mass index (BMI)
2
was 23.2 (range, 21.6-26.0) kg/m . Histopathology
confirmed poorly differentiated adenocarcinoma in all
cases. The mean number of retrieved lymph nodes
was 23.6 (range, 17-27). In case 1, 16 of 17 lymph
nodes were found positive. Nevertheless, no metastatic
lymph nodes were found in the other seven patients.
Only the node-positive patients (case 1) underwent six
cycles of postoperative chemotherapy.
Because the length of the incision was adapted
to the size of the specimen and the tumor, with all
tumors under 4 cm in diameter, the incision on the
vagina was no larger than 4 cm. The mean operating
time was 224 (range, 200-298) min, and the average
blood loss was 62.5 (range, 50-150) ml and none
of them needed blood transfusion. No intraoperative
complications were noticed in any of the eight patients
during the follow-up. The mean postoperative stay was
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3.6 (range, 3-5) d. The first flatus of patients occurred
at mean 28.5 (range, 24-33) h after surgery (Table 1).
There was no anastomotic leakage reported both
within the hospital stay and 30 d after discharge from
the hospital. During the follow-up, neither was there
a sign of surgical site infection nor lung infection. No
other complications were reported during the hospital
stay. Thus, there was no one who needed re-admission
in hospital. That is to say that both the mortality and
morbidity were zero in 30 d (Table 2). The average
VAS of six patients in the TVSE-RDG group decreased
from 2.8 on postoperative day (POD) 1 to 1.7 on POD 2,
and then 1.0 on POD 3 while the average VAS of the
two patients in the TVSE-RTG group was 2, 1 and 1 on
the POD 1, POD 2 and POD 3, respectively. The trend
of postoperative mobility was also related to the VAS
score.
All eight patients showed great progress in
postoperative activity; their steps increased greatly for
the TVSE-RDG group patients from 62 (range, 40-75)
steps on POD 1, to 336 (range, 116-465) on POD 2,
and then maybe with pain relief, the activity steps took
a great leap to 1078 (range, 985-1200) steps on POD
3, nearing a normal daily level. The statistics from the
TVSE-RTG group also showed the same trend (Table
2). There were 55 steps on POD 1, 342 on POD 2 and
1100 on POD 3 in the TVSE-RTG group. The sleep time
measured by Fitbit Flex indicated an improvement on
POD 2 to POD 3 by 0.5 h in the TVSE-RTG group and 1.1
h in the TVSE-RDG group.
During the perioperative course, the SpO2 showed
a slight fluctuation (Table 3). The SpO2 decreased
from preoperative 100% to 98.3% (range, 96%-99%)
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Table 2 Clinical features of robotic transvaginal specimen extraction patients
Adverse event

Pain/ VAS

Anastomotic leakage

30 d re-admission

SSI or LI

0/2
0/6

0/2
0/6

0/2
0/6

TVSE-RTG
TVSE-RDG

activity/ step

Sleep/h

POD 1 POD 2 POD 3 POD 1 POD 2 POD 3 POD 1 POD 2 POD 3
2
2.8

1
1.7

1
1

55
62

342
336

1100
1078

7
7.1

6
6.8

6.5
7.9

SSI: Surgical site infection; LI: Lung infection; TVSE: Transvaginal specimen extraction.

Table 3 SpO2 fluctuation during the perioperative course
SpO2/%
TVSE-RTG
TVSE-RDG

Pre-

POD 1

100
100

98.5
98.3

HR/min
POD 3
99
99.3

Pre-

POD 1

60
66.2

62
77.5

Hand grip strength/(left/right) kg
POD 3
60
72.5

Admission

Discharge

25.6/25
23.3/21.7

27.8/26.3
25.6/24.5

Pre-: Pre-operation; POD: Postoperative day; TVSE: Transvaginal specimen extraction; RTG: Robotic total gastrectomy; RDG: Robotic distal gastrectomy.

on POD 1, and then 99.3% (range, 98%-100%) on
POD 3 in the TVSE-RDG group, while the SpO2 was
100, 98.5% (range, 98%-99%) and 99% (range,
98%-100%) on preoperative day, POD 1 and POD
3, respectively. Similarly, the heart rate (HR) also
fluctuated from preoperative 66.2 (range, 58-69) to
77.5 (range, 62-102) on POD 1, and then down back
to 72.5 (range, 60-85) on POD 3 in the TVSE-RDG
group. However, we noticed that the grip strength
strangely increased in 7 of the 8 patients, causing
the average strength to increase from 25.6/25 kg to
27.8/26.3 kg in the TVSE-RTG group and 23.3/21.7
kg to 25.6/24.5 kg in the TVSE-RDG group. We also
measured the body mass with a body machine (Inbody
230, South Korea). The body machine detected nearly
no change in the bone (10.3%-10.2%), body fat
(30.5%-30.2%), water (47.9%-48.1%) or muscle
(32.0%-31.4%), which was also an indication for
stability in keeping weight.

DISCUSSION
Thanks to the development of new technology and
the enterprise of generations of surgeons in minimally
invasive surgery, innovations and progresses have
evolved to another level in the field of NOSE surgery.
There are four potential routes, namely, tran
sesophageal, transrectal, transvaginal, and tran
surethral. The robotic surgery makes it possible for
NOSE to become more and more feasible and thereby
the optimal way of approaching gastric cancer.
Although NOSE is now relatively widely performed,
it does not give any importance to gastric resection
with specimen extraction through the transvaginal
route for gastric cancer, especially robotic gastrectomy.
TVSE using a posterior colpotomy has extensively
[10,11]
been reported during gynecologic procedures
.
[12]
In 1993, Delvaux et al
performed the first tran
svaginal extraction. The gallbladder containing a
stone was extracted through the transvaginal route
following laparoscopic cholecystectomy in female
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[13]

patients. In 1996, Redwine et al
first described a
segmental colectomy with transvaginal extraction for
[14]
bowel endometriosis. Kim et al
in 1996 reported
transvaginal extraction of the rectum in four patients
[15]
following low anterior resection. In 2002, Gill et al
described vaginal extraction of the intact specimen
following laparoscopic radical nephrectomy. Ghezzi
[10]
et al
reported 60 cases of vaginal extraction of
pelvic masses following operative laparoscopy in the
[16]
same year. In 2007, a Chinese surgeon, Yuan et al
presented a 65-year-old female with invasive urothelial
carcinoma of the urinary bladder and end-stage renal
disease who underwent laparoscopic radical cystectomy
combined with bilateral nephroureterectomy, where
the specimen was extracted transvaginally. In
[17]
2008, Palanivelu et al
reported extraction of total
colon and rectum following totally laparoscopic
proctocolectomy. Also in 2008, a swine model for
TVSE following total gastrectomy was successfully
constructed by Nakajima, who later also succeeded in
[18,19]
human the following year
. Despite the difficulty
of transvaginal laparoscopic/endoscopic gastrectomy
[20]
[21]
described by Lacy et al
in 2009, Jeong et al
succeeded in repeating the laparoscopic transvaginal
extraction of gastric cancer in 2011.
Nevertheless, there have not been previous
reports of transvaginal extraction following robotic
gastrectomy, nor any transvaginal NOSE following
gastrectomy with standard D2 lymph node resection
for gastric cancer (Table 4). It was not until June
2014 that the first NOSE following gastrectomy was
[22]
performed by Dostalik et al . However, the natural
orifice specimen was extracted through the oralesophageal route. Even when carefully washed with
water, the bad smell of blood mixed with stomach
contents could not be disserved within a couple
of weeks. Damage to the esophageal wall during
extraction occurred in our previous experience.
Moreover, in single port laparoscopic gastrectomy,
lymph node resection was not as easy as the robotic
surgery or the open abdomen surgery, nor was
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Table 4 Laboratory features of robotic transvaginal specimen extraction patients
CRP (mg/L)
PreTVSE-RTG
TVSE-RDG

0.4
0.5

HB (g/L)

POD 1 POD 3
1.8
19.4

32.2
35

Pre132
133

ALB (g/L)

POD 1 POD 3
131
124

Pre-

123
116.3

PAB (g/L)

POD 1 POD 3

41.6
41.4

34.8
33.5

28.4
29.6

Pre321
273.7

TFN (g/L)

POD 1 POD 3
227
236.8

200
205.8

Pre2.7
2.8

POD 1 POD 3
2.6
2.5

2.2
2.3

POD: Postoperative day; CRP: C-reactive protein; HB: Haemoglobin; ALB: Albumin; PAB: Prealbumin; TFN: Transferrin; HR: Heart rate; TVSE:
Transvaginal specimen extraction; RTG: Robotic total gastrectomy; RDG: Robotic distal gastrectomy.

the specimen extraction. Colpotomy is considered
safe and does not lead to surgical site infections or
[23,24]
dyspareunia
. Transvaginal NOSE using a posterior
colpotomy is considered a mature procedure used
in gynecology. Not only is the robotic gastrectomy
valued in the surgical safety but also in oncological
performance as it is a safe way to perform the
[25,26]
standard D2 lymph node harvest in gastric cancer
.
In 2013, we have succeeded in publishing an
investigation on robotic procedure which provides us
[5]
a safe and feasible approach to robotic gastrectomy .
This new procedure for gastrectomy is performed daily
in our hospital with the anastomosis sewn fully by
robot intracorporeally. This daily training provides us
a possibility to perform the TVSE following full robotsewn gastrectomy.
We are glad to see a decrease in the morbidity
and mortality in patients with TVSE following full
intracorporeal robot-sewn gastrectomy. This study
showed the safety of eight cases of TVSE following
gastrectomy, indicating that it could be a more feasible
way of approaching gastric cancer.
In comparison with transrectal extraction, the
transvaginal extraction is feasible and carries a low
[27]
risk of infection and postoperative leakage . Despite
the potential advantages, there are still potential
risks in transvaginal NOSE, for example, infertility
or dyspareunia to some extent. The complicated
surgical procedure requires more technique and
consumes more time to perform the transvaginal
NOSE. The mean time of TVSE following robotic
gastrectomy was 224 min in the eight patients.
The mean operative times were 229 min and 212
min for Awad and McKenzie, even though they are
laparoscopic colectomy which seems easier than those
[28,29]
in gastrectomy
. However, there were no significant
side effects clinically detected in the post-vaginal[30,31]
resection patients
.
Robotic TVSE in gastric cancer might be a feasible
and alternative operative procedure for patients with
gastric cancer. It showed minimal postoperative pain
with small incisions; minimal invasiveness as well
as less severe postoperative complications such as
anastomotic fistulae, stenosis, and bleeding.
This innovation with robotic surgery provides a new
approach to gastric cancer with pure NOSE approach.
However, we must realize that this TVSE following
standard D2 gastric surgery study with eight patients
is small. The follow-up period of six months is a little
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too short for the judgement of oncological safety.
Extensive studies with larger sample size of patients
focusing on the oncologic safety with long-term
surveillance are needed for adequate confirmation.
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AIM: To study the efficacy of the enhanced recovery
after surgery (ERAS) program in laparoscopic radical
gastrectomy for stomach carcinomas.
METHODS: From June 2010 to December 2012, 61
gastric cancer patients who underwent laparoscopicassisted radical gastrectomy with D2 lymphadenectomy
at First Hospital of Jilin University were enrolled
in this randomized controlled trial. (Clinical Trials.
gov, registration ID: NCT01955096). The subjects
were divided into the ERAS program group and the
conventional control group. The clinical characteristics,
recovery variables, and complications of patients were
analyzed.
RESULTS: The time to first ambulation, oral food
intake, and time to defecation were significantly
shorter in the ERAS group (n = 30), compared to the
conventional group (n = 31; P = 0.04, 0.003, and
0.01, respectively). The postoperative hospital stay
was less in the ERAS group (6.8 ± 1.1 d) compared
to the conventional group (7.7 ± 1.1 d) (P = 0.002).
There was no significant difference in postoperative
complications between the ERAS (1/30) and conven
tional care groups (2/31) (P = 1.00). There were no
readmissions or mortality during the 30-d follow-up
period.
CONCLUSION: The ERAS program is associated
with a shorter hospital stay in gastric cancer patients
undergoing laparoscopic radical gastrectomy. The ERAS
protocol is useful in the treatment of gastric cancer.
Key words: Enhanced recovery after surgery; Laparo
scopic; Gastrectomy; Gastric cancer
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Core tip: This randomized controlled trial enrolled
61 consecutive laparoscopic-assisted gastrectomy
patients, who were divided into the enhanced recovery
after surgery (ERAS) group and the conventional
group. Compared to the conventional group, the ERAS
group showed earlier postoperative food intake, earlier
defecation time, and shorter postoperative hospital
stay. ERAS was safe and feasible in patients with
advanced gastric cancers.
Abdikarim I, Cao XY, Li SZ, Zhao YQ, Taupyk Y, Wang Q.
Enhanced recovery after surgery with laparoscopic radical
gastrectomy for stomach carcinomas. World J Gastroenterol
2015; 21(47): 13339-13344 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i47/13339.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i47.13339

INTRODUCTION
Annually, almost one million cases of gastric cancer
are diagnosed worldwide, of which, 400000 cases
[1,2]
alone are diagnosed in China . Surgical resection of
gastric cancer and regional lymphadenectomy are the
only options for curability in these patients. However,
it is sometimes associated with significant morbidity,
mortality, and has an impact on the quality of life of
[3-5]
patients after surgery .
[6]
Since its introduction in 1994 by Kitano et al
laparoscopic-assisted gastrectomy (LAG) has become
the standard treatment for early gastric cancer.
LAG has significant advantages over conventional
open gastrectomy such as faster recovery, shorter
hospital stay and an overall improvement in quality of
[7-9]
life . In recent years, as a result of advancements
in the design of surgical instruments and increased
surgeon experience, LAG is increasingly being used
in the treatment of advanced gastric cancer, although
there is still controversy surrounding the extent of
lymphadenectomy that should be performed.
The combination of LAG with Enhanced Recovery
After Surgery (ERAS), an evidence based multi
disciplinary perioperative and postoperative care
program, leads to additional improvements in
outcome such as decreased complications, length of
[10]
hospital stay and hospital cost . ERAS constitutes
components such as optimized pain control, restricted
intravenous fluids, early oral nutrition and enforced
mobilization with the aim of reducing surgical stress
response hence optimizing patient recovery.
Despite the successful adoption of ERAS by several
centers in the United Kingdom, Scandinavia and
[11]
Germany, for colorectal cancer , this is not the case
with gastric cancer. Studies reporting on fast track
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[12,13]

rehabilitation for gastric cancer are scarce
. Thus, we
undertook this study to evaluate the efficacy and safety
of the ERAS program in patients undergoing elective
laparoscopic gastric resection for advanced cancer.

MATERIALS AND METHODS
Patient population

This prospective study was conducted in the First
Hospital of Jilin University, Department of Gastric
and Colorectal Surgery between 2010 and 2012
(Trial registration number: NCT01955096). Only
those diagnosed with advanced gastric cancer were
enrolled into the study after undergoing a diagnostic
workup consisting of endoscopy with biopsy, totalbody CT scan, and endoscopic ultrasound in selected
patients. Inclusion criteria were as follows: diagnosis of
advanced gastric cancer, elective laparoscopic surgery
and age under 75 years. Patients with early gastric
cancer received neoadjuvant chemotherapy, and those
with pyloric obstruction or with distant metastasis were
excluded from the study.
After obtaining written consent from all patients,
we randomly assigned them into two groups: 30
patients underwent LAG with the ERAS program
and 31 underwent LAG, but received conventional
postoperative care (Table 1). All operations were
performed by an independent surgical group and the
study protocol was approved by the hospital’s ethical
committee.

Laparoscopic procedure

There was no difference in the surgical procedures
between the two groups. Laparoscopy-assisted
gastrectomy was carried out and depending on the
location of the primary tumor, total, proximal subtotal,
or distal subtotal gastrectomy was performed. After
resection, a supraumbilical midline incision was made
for restoration of intestinal continuity and tumor
retrieval. Lymph node dissection was performed
according to the Guidelines of Japanese Gastric Cancer
[14,15]
Association with D2
.

Postoperative care

Briefly, during the postoperative period, fluid intake
was from POD 1 or POD 2 in the ERAS group, patients
were advised to begin cautiously and increase intake
according to tolerance. Furthermore, they were
encouraged to take full semi-liquid diet on POD 2,
and normal food as soon as possible after surgery.
In the conventional group, postoperative oral intake
was restricted. In the ERAS group, patients were
encouraged to mobilize early from POD 1, and meet
daily targets for mobilization. The conventional group
received traditional postoperative care including bed
rest. Urinary bladder drainage was routinely used in
the conventional group, but limited to POD 1 in the
ERAS group (Table 1).
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Table 1 Perioperative protocols in the enhanced recovery after surgery and conventional groups
ERAS group
PreOp

Conventional group

Patient education regarding FTS
Solid food allowed until 6 h before surgery and carbohydrate drinks
until 2 h before surgery
No bowel preparation

Intraoperative

1st PostOp Day

2nd PostOp Day
3rd PostOp Day

4th PostOp Day

Patient education
No solid food 24 h before surgery and no liquids 12 h before
surgery
Mechanical bowel preparation and nasogastric placement
performed
5-trocar laparoscopy-assisted procedure. Non-opioid analgesia after
5-trocar laparoscopy-assisted procedure. Routine use of
induction of anesthesia. No nasogastric tube or drainage tube used. I.V.
abdominal drainage tubes and placement of catheters
fluids were restricted (Ringer’s lactate 20 mL/kg in the first h, after that I.V. fluids not restricted (Ringer’s lactate 20 mL/kg in the
6 mL/kg per hour). Vasoactive drugs used if needed
first h, then at the rate of 10-12 mL/kg per hour)
Soluble contrast swallow study is done to check the anastomosis. If
Keep NPO
intact, fluids are started. Adequate pain control maintained
Urinary catheter removed
Removal of urinary catheter
Patient mobilized out of bed
Mobilization in bed
Patient started on soft food
Patient is advised to get out of bed
Continue and increase ambulation. Pain control maintained
Patient progresses to solid food
Remove nasogastric tube and
Epidural stopped and acetaminophen started
Liquids started
Mobilization continued
Encouraged to walk in the ward
Drains removed
Check discharge criteria
solid food intake

FTS: Fast-track surgery; PostOp: Postoperative; ERAS: Enhanced recovery after surgery.

Outcome parameters (data collection)

Collected data included: age, sex, tumor location, type
of gastrectomy and reconstruction, T stage, number
of lymph nodes retrieved, duration of operation,
complications and postoperative outcomes (time
to return to diet, first defecation and ambulation).
Patients were monitored for the next 30 d for read
mission.

Discharge criteria

The criteria for discharge were as follows: tolerance of
solid diet, return of bowel habits and ability to walk on
their own. To avoid influences from the clinicians, the
discharge administration was managed by independent
clinicians who were not involved in the study.

Statistical analysis

Measurement data are expressed as mean ± SD. The
data were analyzed using the Independent Student’s
t test, whereas categorical data were calculated using
2
the χ test or Fisher’s exact test. Data analysis was
®
performed using SPSS software package version 16.0
(SPSS Inc., Chicago, IL, United States). P < 0.05 was
considered statistically significant.

DISCUSSION

RESULTS
Sixty-one consecutive patients were included in the
current study and were followed for 30 d. Mean age
was 62 years in both patient groups, with a 2:1 male
to female ratio. Table 2 summarizes the clinical data
of the patients. According to the TNM classification
system of the Union for International Cancer Control,
26 patients were stage Ⅱ, and 35 cases were stage
Ⅲ. D2 lymphadenectomy was routinely performed in
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all patients. The number of lymph nodes retrieved,
duration of surgery, amount of blood loss and type of
surgery are shown in Table 3.
Compared to the conventional group, the ERAS
group showed faster recovery with a shorter posto
perative hospital stay (7.7 ± 1.1 d and 6.8 ± 1.1 d,
respectively). Earlier postoperative food intake was
observed in the ERAS group (2.9 ± 0.7 d) compared
with the conventional group (3.5 ± 0.8 d). There was
also a significant difference in defecation time between
the ERAS (3.1 ± 0.7 d) and conventional (3.6 ± 0.8 d)
groups. Time to ambulation (2.6 ± 0.9 d for the ERAS
group and 3.1 ± 1.0 d for the conventional group) was
also significantly different (Table 4).
There were two cases of ileus complications,
one in each group. They were managed by fasting,
nasogastric decompression and other measures. In the
ERAS group, one patient developed a wound infection.
The incidence of complications between the ERAS
group and the conventional group was not significantly
different (P = 1.0). Table 5 details these complications.
There were no readmissions during the 30-d follow-up
period. In addition, no mortality was reported.

This study set out to explore the safety and outcomes
of ERAS in patients diagnosed with advanced gastric
cancer. Our findings showed that the ERAS program
was feasible and safe compared to conventional
postoperative care. Earlier studies by Kehlet and
colleagues confirmed that ERAS in colon cancer was
beneficial and included reduced hospital stay, avoided
or minimized short-term complications and patients
had a speedier recovery and returned to their normal
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Table 2 Comparison of clinical characteristics of the patients

Table 5 Complications and readmission in the two groups

ERAS group Conventional group P value
Gender (male/female)
Median age (range in
years)
Tumor location
Upper
Middle
Lower
Length of hospital stay (d)

(n = 30)

(n = 31)

21/9
63 ± 12

20/11
62 ± 11

10
10
10
8.3 ± 1.3

9
11
11
9.9 ± 1.1

Variables

0.79
0.95

Morbidity
Wound infection
Bleeding
Ileus
Stenosis
Leakage
Others
Readmission
Mortality

0.94

< 0.001

P value

ERAS group

Conventional group

(n = 30)

(n = 31)

0
0
1
0
0

1
0
1
0
0

1.00
1.00
-

0
0

0
0

-

ERAS: Enhanced recovery after surgery.
ERAS: Enhanced recovery after surgery.

Table 3 Comparison of surgical and oncological factors
between the enhanced recovery after surgery group and the
conventional group
Variables
Type of surgery
Distal subtotal
gastrectomy D2
Total gastrectomy D2
TNM stage

ERAS group

Conventional group

(n = 30)

(n = 31)

21

23

9

8

0
13
17
0
54.5 ± 71.8
137.4 ± 28.7

0
13
18
0
64.5 ± 89.7
141.5 ± 30.5

7
14
9
39.6 ± 2.3

8
10
13
41.2 ± 3.3

P value
0.72

0.92

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Blood loss (mL)
Operation time (min)
Reconstruction
Billroth Ⅰ
Billroth Ⅱ
Roux-en-Y
Lymph nodes retrieved

0.67
0.74
0.50

0.42

ERAS: Enhanced recovery after surgery.

Table 4 Postoperative outcomes in days (d)
Variables
Ambulation time
Defecation time
Food intake
POS

ERAS group

Conventional group

(n = 30)

(n = 31)

2.6 ± 0.9
3.1 ± 0.7
2.9 ± 0.7
6.8 ± 1.1

3.1 ± 1.0
3.6 ± 0.8
3.5 ± 0.8
7.7 ± 1.1

P value
0.04
0.01
0.003
0.002

ERAS: Enhanced recovery after surgery.

way of life including eating a solid diet and earlier
[16]
defection time . Moreover, another recent study
demonstrated that ERAS enhanced postoperative
recovery, and resulted in a shorter hospital stay and
[17]
lower morbidity rate . Consistent with these studies,
[12]
Wang et al
verified that ERAS can improve the
stress reaction, decrease the patient’s resting energy
expenditure during the postoperative period and
hasten the rehabilitation of gastric cancer patients.
To date, studies investigating the efficacy of this
multi-modal rehabilitation program in gastric cancer
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patients are scarce. Our study demonstrated that
ERAS outweighed conventional care in terms of safety,
hospital stay, defecation time, ambulation time and
postoperative recovery. These results are consistent
[13]
with those reported by Feng et al .
ERAS, unlike conventional care, does not require
long postoperative fasting periods. Based on the
concept that eating too early after surgery may cause
intestinal obstruction and anastomotic disruption,
surgeons routinely restrict oral intake in patients
receiving conventional care. A recent prospective study
confirmed that early oral food intake after laparoscopic
gastric surgery is safe and might be associated with
[11]
enhanced recovery with shorter hospital stay . In the
same context, patients with gastric cancer planning to
receive conventional care have been advised to fast
for 12 to 24 h before gastrectomy. Conversely, gastric
cancer patients receiving fast track rehabilitation are
required to fast for only 2 h before the operation.
Therefore, in this study, patients were allowed
carbohydrate-rich drinks up to 2 h before surgery.
Some recent reports have indicated that a nasogastric
tube is not necessary as it may instigate pulmonary
[18-20]
complications
. Furthermore, ERAS advocates
restriction of fluid therapy during the perioperative
period. Recently published articles have shown that
the infusion of extra fluid needed to sustain intraoperative infusion in conventional perioperative care
augments the threat of pulmonary interstitial edema
and postoperative hypoxia; but it can also raise the
threat of cardiopulmonary complications. In addition,
the infusion of extra fluid exacerbates gastrointestinal
edema and as a consequence can lead to delayed
recovery of gastrointestinal function. In the present
study, this was the reason that the quantity of fluid
[21,22]
infused in the ERAS group was restricted
.
The results of this study confirm that ERAS
accelerates postoperative recovery compared with
conventional care. In the ERAS group, average
hospital stay was 6.8 ± 1.1 d after laparoscopic gastric
resection and was 7.7 ± 1.1 d in the conventional
group. Because drainage tubes increase the risk
of complications including accumulation of intra-
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abdominal fluid, infection and fistula, surgical drainage
was not used in the ERAS group, and this facilitated
earlier ambulation in this group compared with the
conventional group (2.6 ± 0.9 d and 3.1 ± 1.0 d,
respectively). In addition, our results also showed that
defecation time was less in the ERAS group (3.1 ± 0.7
d, P < 0.002) than in the conventional group (3.6 ± 0.8
d).
Three patients developed postoperative com
plications, one in the ERAS group and two in the
conventional group, the difference was not significant.
Moreover, there were no readmissions or mortality
reported during the follow-up period.
Importantly, if a patient is randomized to the ERAS
program, clinicians may be influenced to accelerate the
discharge rather than to judge the patient’s condition.
Thus, in order to ensure the randomness of the
study, the discharge criteria together with the clinical
decisions regarding oral intake and drainage extraction
should be managed by clinicians who are not involved
in the study.
In conclusion, although the occurrence of posto
perative complications between the two groups was
not statistically significant, overall, ERAS was safe and
feasible compared to conventional care in patients with
[23-27]
advanced gastric cancer
.
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Abstract
AIM: To investigate the impact of different surgical
techniques on post-operative complications after
colorectal resection for endometriosis.
METHODS: A multicenter case-controlled study using
the prospectively collected data of 90 women (22
with and 68 without post-operative complications)
who underwent laparoscopic colorectal resection for
endometriosis was designed to evaluate any risk factors
of post-operative complications. The prospectively
collected data included: gender, age, body mass
index, American Society of Anesthesiologists risk class,
endometriosis localization (from anal verge), operative
time, conversion, intraoperative complications,
and post-operative surgical complications such as
anastomotic dehiscence, bleeding, infection, and bowel
dysfunction.
RESULTS: A similar number of complicated cases
have been registered for the different surgical
techniques evaluated (laparoscopy, single access,
flexure mobilization, mesenteric artery ligation, and
transvaginal specimen extraction). A multivariate
regression analysis showed that, after adjusting
for major clinical, demographic, and surgical chara
cteristics, complicated cases were only associated with
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endometriosis localization from the anal verge (OR
= 0.8, 95%CI: 0.74-0.98, P = 0.03). After analyzing
the association of post-operative complications and
each different surgical technique, we found that only
bowel dysfunction after surgery was associated with
mesenteric artery ligation (11 out of 44 dysfunctions
in the mesenteric artery ligation group vs 2 out of 36
cases in the no mesenteric artery ligation group; P =
0.03).
CONCLUSION: Although further randomized clinical
trials are needed to give a definitive conclusion,
laparoscopic colorectal resection for deep infiltrating
endometriosis appears to be both feasible and safe.
Surgical technique cannot be considered a risk factor
of post-operative complications.
Key words: Endometriosis; Bowel; Complication;
Technique; Laparoscopy; Mesenteric artery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To the best of our knowledge, this is the
first study evaluating the impact of different surgical
techniques on the occurrence of post-operative
complications. We have evaluated the potential
influence of the most relevant surgical differences,
including: laparoscopic approach, single access
laparoscopy, flexure mobilization, mesenteric artery
ligation, specimen extraction site, and diverting
ileostomy creation.
Milone M, Vignali A, Milone F, Pignata G, Elmore U, Musella
M, De Placido G, Mollo A, Fernandez LMS, Coretti G, Bracale
U, Rosati R. Colorectal resection in deep pelvic endometriosis:
Surgical technique and post-operative complications. World J
Gastroenterol 2015; 21(47): 13345-13351 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i47/13345.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i47.13345

INTRODUCTION
Endometriosis is a common condition that affects
[1]
up to 10% of women in their reproductive years .
Deep infiltrating endometriosis (DIE) is characterized
by endometriosis implants that penetrate more than
5 mm into the affected tissue. Although the disease
is limited in most patients to the genital organs,
endometriosis may diffusely involve pelvic structures
[2-5]
such as the bowels and urinary tract . The estimated
incidence of bowel endometriosis is between 3%
[6]
and 36% , while rectal and rectosigmoid junction
involvement together account for 70%-93% of all
[7]
intestinal endometriotic lesions .
Due to the limited efficacy of medical therapy and
[8]
symptom recurrence rates as high as 76% , surgical
excision is frequently advocated as the treatment of
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[9,10]

choice
.
Although it is well known that laparoscopic seg
mental colorectal resection is preferred for the
treatment of colorectal endometriosis, little is known
about the impact of different surgical techniques on
post-operative complications.

MATERIALS AND METHODS
Utilizing prospectively maintained endometriosis
databases, all consecutive women who underwent
colorectal resection for endometriosis from January
2005 to December 2013 were identified for inclusion
in a multicenter study after obtaining local ethics
committee approval and signed informed consent.
A case-controlled study was designed, including 22
women with and 68 women without post-operative
complications, to identify potential risk factors for
complications after surgery, with a focus on surgical
technique.
Only institutions with a high volume of colorectal
surgeries were included, and only prospectively
recorded data were analyzed. All consecutive proce
dures were included in our analyses, according to strict
inclusion criteria; all patients operated on by expert
surgeons with standardized indications for surgery
were included in our analyses. The laparoscopic
colectomy learning curve can be considered completed
after between 30 and 70 procedures. Thus, only
procedures performed by an expert surgeon (i.e., with
experience of more than 70 laparoscopic colectomies)
[11]
were included in the study ; furthermore, all pro
cedures were performed by a multidisciplinary surgical
team, including an expert colorectal surgeon and
a gynecologist. Indications for colorectal resection
included the presence of colorectal involvement in
[12]
deep bowel endometriosis diagnosed by laparoscopy
and of endometriosis-related symptoms (i.e., pelvic
pain, dyschezia, rectal bleeding, obstruction, and
dyspareunia).
Different surgical approaches were performed
according to the clinical advice of each individual
surgeon. A propensity score analysis was performed
to exclude any bias related to the allocation of each
patient into the different surgical technique groups.
Dissection is performed through the rectovaginal
septum, where endometriosis implants are frequently
found and must be removed. The rectum is mobilized
at least 2 cm below the nodule of the endometriosis.
A stapler is introduced into the peritoneal cavity, and
then the rectum is sectioned. After extracting the
rectal stump, the rectum or rectosigmoid (depending
on the disease extension) is resected. Then, the head
of the EEA (end-to-end) stapler (usually 29 mm) is
positioned, the pneumoperitoneum is reconstituted,
and a transanal end-to-end colorectal anastomosis is
performed according to the Knight-Griffen technique.
According to the clinical advice of each surgeon,
flexure mobilization, mesenteric artery ligation,
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variables expressed as a percentage. To compare
continuous variables, an independent sample t-test
was performed. The Wilcoxon test for paired samples
was employed as a non-parametric equivalent of the
paired sample t-test used for continuous variables.
2
The χ test was employed to analyze categorical data.
When the minimum expected value was < 5, Fisher’s
exact test was used. All results are presented as 2-tailed
values with statistical significance if p values were <
0.05. To adjust for all the other variables and to make
predictions, multivariate analyses were performed
with post-operative complication occurrence (logistic
regression) as dependent variables, and with major
clinical and demographic characteristics, as well as
surgical approach, as independent variables.

Table 1 Patient and disease characteristics n (%)

Age (yr)
BMI
Symptoms (pts)
Pain
Dyspareunia
Rectal bleeding
Constipation
localization (cm from anal
verge)

Complicated
cases (22)

Uncomplicated
cases (68)

P value

33 ± 5.5
24 ± 4
17 (77.7)
7 (31.8)
5 (22.7)
9 (40.9)

35.2 ± 5.3
24 ± 2.9
54 (79.4)
15 (22)
17 (25)
30 (44.1)

0.11
0.96
1.00
0.46
0.78
1.00

12.4 ± 4.8

13.9 ± 4.4

0.17

Table 2 Complication occurrence and different surgical
technique n (%)
Complicated
cases (22)
Laparoscopy
Single access laparoscopy
Ileostomy
Flexure mobilization
Mesenteric artery ligation
Transvaginal extraction

19 (86.3)
3 (13.6)
4 (18.1)
15 (68.1)
16 (72.7)
7 (31.8)

Uncomplicated
cases (68)
58 (85.2)
7 (10.2)
18 (26.4)
46 (67.6)
36 (52.9)
15 (22)

RESULTS

P value
0.73
0.71
0.41
0.79
0.22
0.57

diverting ileostomy, or transvaginal colon extraction
may be performed.
To minimize the bias related to the use of differing
post-surgical managements, the post-operative period
was homogenized to exclude patients who received
different medical and nursing care. Specifically, on
post-operative day 1, endovenous hydration was
suspended, and the patients were allowed to drink
liquids and consume oral medicines. Criteria for
discharge included symptom absence, tolerance of a
minimum of three meals without restrictions, and stool
passage.
Prospectively collected data included gender,
age, body mass index (BMI), American Society of
Anesthesiologists risk class, endometriosis localization
(from anal verge), operative time, conversion, intra
operative complications, and post-operative surgical
complications such as anastomotic dehiscence,
bleeding, infection, and bowel dysfunction.
Short-term follow-up was conducted at 5 and 30
d after discharge. All adverse events that occurred
within 90 d after surgery were considered to be
complications.
The term anastomotic leakage defines all conditions
with clinical or radiologic anastomotic dehiscence, with
or without the need for surgical revision. Any bleeding
led to an evaluation to determine if a blood transfusion
was required. Bowel dysfunction was considered if
any problems with the frequency, consistency, and/or
ability to control bowel movements occurred after
surgery.
Statistical analysis was performed with SPSS 16
(SPSS Inc., Chicago, IL, United States). Continuous
data are expressed as the mean ± SD, with categorical
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Demographics and disease-related data for each
cohort are shown in Table 1. There were no significant
differences in terms of age, BMI, or symptoms
between the two groups.
Operative time (207.1 ± 53.3 min in complicated
cases vs 206.7 ± 8 min in uncomplicated cases)
was similar in both groups (p = 0.98). Interestingly,
multivariate analysis (linear regression) showed
that, after adjusting for different surgical techniques
(laparoscopy, single access laparoscopy, flexure
mobilization, ileostomy creation, mesenteric artery
ligation, and transvaginal extraction), operative
time was significantly longer only in cases of flexure
mobilization (β = 0.3, p = 0.01). Although time to flatus
was similar in both complicated and uncomplicated
cases (36.1 ± 18.2 h vs 29.6 ± 17 h, p = 0.13), the
length of hospital stay was statistically shorter in
uncomplicated cases (7.9 ± 3.1 in complicated vs 6.4
± 1.5 in uncomplicated cases, p < 0.001).
All of the different surgical techniques are sum
marized in Table 2. We registered a similar number
of complicated cases. A multivariate regression
analysis (stepwise method) showed that, after
adjusting for major clinical, demographic, and surgical
characteristics, complicated cases were associated
only with endometriosis localization from the anal
verge (OR = 0.8, 95%CI: 0.74-0.98, p = 0.03).
Interestingly, analysis of the association between postoperative complications and each different surgical
technique (Figures 1, 2, 3 and 4) revealed that only
bowel dysfunction after surgery was associated with
mesenteric artery ligation (11 out of 44 dysfunctions
in the mesenteric artery ligation group vs 2 out of 36
cases in the no mesenteric artery ligation group, p
= 0.03). However, a trend toward less infection and
dysfunction was obtained after laparoscopic surgery
(infection: 5% in the laparoscopic group vs 15% in
the open group; dysfunction: 14% in the laparoscopic
group vs 23% in the open group). Similarly, a trend
toward more bleeding was obtained after flexure
mobilization (5% in the flexure mobilization group
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Laparoscopy

Mesenteric artery ligation

Open

25.00%

P = 0.03

20.00%

20.00%

P = 0.2

15.00%

15.00%

P = 0.2

10.00%

10.00%
5.00%

No mesenteric artery ligation

25.00%

P = 0.4

P =1

P =1

5.00%

P =1

P = 0.2

0.00%

0.00%
Leakage

Bleeding

Leakage
Infection

Dysfunction

Figure 1 Complications in laparoscopic vs open procedures.

Bleeding

Infection

Dysfunction

Figure 4 Complications in mesenteric ligation vs no mesenteric ligation
procedures.

Single access
Laparoscopy

25.00%

vs 0% in the no flexure mobilization group). Finally,
a trend toward more bleeding was observed after
mesenteric artery ligation (6% in the mesenteric
ligation group vs 0% in the no mesenteric ligation
group).
Interestingly, the incidence of leakage was very
low (2.2%), and the negative predictive value (those
without leakage and without diverting ileostomy/
those without leakage either with or without diverting
ileostomy) of having a leakage in the absence of
diverting ileostomy was quite high (97%). Similarly, no
leakage occurred after single access laparoscopy.

P = 0.6

20.00%
15.00%

P = 0.5

10.00%
5.00%

P =1

P =1

0.00%
Leakage

Bleeding

Infection

Dysfunction

Figure 2 Complications in laparoscopic vs single-access laparoscopic
procedures.
Flexure mobilization
No flexure mobilization

25.00%
20.00%

P = 0.7
15.00%

P = 0.3

10.00%
5.00%

P =1

P = 0.5

0.00%
Leakage

Bleeding

Infection

Dysfunction

Figure 3 Complications in flexure mobilization vs no flexure mobilization
procedures.
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DISCUSSION
Deep endometriosis invading the bowel constitutes
a major challenge for gynecologists. In addition to
[13,14]
a greater impact on pain
, the high incidence of
[2,15,16]
surgical morbidity involved with the bowel
poses
[17,18]
a therapeutic dilemma for the surgeon
. Intestinal
involvement of deep endometriotic nodules has
been estimated to occur in 8%-12% of women with
[19,20]
endometriosis
, with colorectal disease involvement
[4,7,21-23]
representing almost 90% of these cases
. The
complete excision of all endometriotic lesions is the
main objective of both laparoscopic and laparotomic
[24,25]
surgeries that require a multidisciplinary approach
and highly skilled surgeons. Laparoscopic excision of
deep infiltrating bowel endometriosis has become a
frequently used treatment modality, and segmental
bowel resection has been performed in many cases,
despite the relatively high morbidity rate.
Both major and minor surgical complications have
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been reported after the excision of deep endometriosis
[25-27]
involving the bowel, including fistula (0%-14%)
,
[19,28]
[27,29]
hemorrhage (1%-11%)
, infection (1%-3%)
,
laparoconversion (up to 12%), and bladder (1%-71%)
[27,30,31]
and bowel (1%-15%)
dysfunction such as post[32]
operative severe constipation .
[33]
Brouwer and Woods
reported that the type of
surgical approach, including full-thickness excision
of the rectal wall and segmental resection, does
not change the rate of complications. However,
many factors are affected by the surgeon’s learning
curve, such as the conversion rate, operating time,
[34]
complication rate, and surgical effectiveness .
Nevertheless, complications can occur, even among
[35]
experienced surgeons . Accordingly, only procedures
performed by expert surgeons were included in our
analysis.
There are three frequently observed risk factors
for major complications: opening of the vagina at the
[36]
time of the bowel surgical procedure , excessive
use of electrocoagulation that may increase the risk
of rectovaginal fistulae and abscesses (potentially
[30]
leading to necrosis of the posterior vaginal cuff) ,
and surgical treatment of low rectal lesions (< 5-8
cm from the anal verge), which increases the risk of
[28,37]
anastomotic leaks
.
To the best of our knowledge, this is the first study
to evaluate the impact of different surgical techniques
on the occurrence of post-operative complications.
We have evaluated the potential influence of the most
relevant surgical differences, including laparoscopic
approach, single access laparoscopy, flexure mobili
zation, mesenteric artery ligation, specimen extraction
site, and diverting ileostomy creation.
Interestingly, we found that the occurrence of
post-operative complications was not influenced by
surgical technique. Only mesenteric artery ligation was
associated with a higher incidence of bowel dysfunction
after surgery (p = 0.03). Thus, based on current
knowledge, this study confirms that preservation of the
inferior mesenteric artery should be recommended to
reduce the incidence of defecatory disorders after left
[38]
hemicolectomy for benign disease . The sectioning
of sigmoid arteries close to the colonic wall without
sectioning the inferior mesenteric artery may preserve
innervations of the neosigmoid and could reduce
defecatory disorders.
As the incidence of leakage was very low (2.2%),
we cannot justify the routine use of diverting ileostomy.
Similarly, the negative predictive value (probability of
leakage in the absence of diverting ileostomy) was
quite high (97%), and thus we can exclude the need
for diverting ileostomy.
Furthermore, the absence of a higher incidence
of post-operative complications after single access
laparoscopy encourages this approach’s introduction in
daily practice.
Finally, in contrast with previous publications, we
did not find any association between the opening
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of the vagina and the occurrence of post-operative
complications. This could be related to cooperation
between the surgeon and the gynecologist.
Some limitations of this study must be addressed.
The most major limitation lies in the study design;
because this study was an evaluation of a prospective
maintained database, there was a lack of patient
randomization. However, multivariate analyses inclu
ding all patients’ characteristics were performed to
adjust the results for all other variables. Furthermore,
although the surgical approach was dependent on the
clinical advice of each individual surgeon, a propensity
score was calculated to exclude any bias. Although
a relatively small sample size was obtained in this
multicenter study, certain biases were excluded, as
only procedures performed by expert surgeons in
standardized surgical indications with standard postoperative management were included.
Thus, our results encourage the consideration of
laparoscopic colorectal resection for deep infiltrating
endometriosis owing to its feasibility, safety, and
low occurrence of post-operative complications, if
performed by experienced surgeons. Furthermore, we
cannot identify any surgical technique or approach that
should be avoided to reduce major complications after
surgery.
This study clearly provides the rationale for a future
randomized clinical trial comparing different surgical
approaches in order to provide a definitive conclusion.
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Abstract
AIM: To clarify the pathogenesis of gastroesophageal
reflux disease symptoms in non-erosive reflux disease
(NERD) patients.
METHODS: Thirty-five NERD patients with persistent
symptoms, despite taking rabeprazole 10 mg twice
daily for at least 8 wk, were included in this study. All
patients underwent 24 h combined impedance - pH on
rabeprazole. The symptom index (SI) was considered
to be positive if ≥ 50%, and proximal reflux episodes
were determined when reflux reached 15 cm above
the proximal margin of the lower esophageal sphincter.
RESULTS: In 14 (40%) SI-positive patients, with
liquid weakly acid reflux, the occurrence rate of reflux
symptoms was significantly more frequent in proximal
reflux episodes (46.7%) than in distal ones (5.7%)
(P < 0.001). With liquid acid reflux, there were no
significant differences in the occurrence rate of reflux
symptoms between proximal reflux episodes (38.5%)
and distal ones (20.5%) (NS). With mixed liquid-
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gas weakly acid reflux, the occurrence rate of reflux
symptoms in proximal reflux episodes was significantly
more frequent (31.0%) than in distal reflux ones (3.3%)
(P < 0.001). With mixed liquid-gas acid reflux, there
were no significant differences in the occurrence rate
of reflux symptoms between proximal reflux episodes
(29.4%) and distal ones (14.3%) (NS).
CONCLUSION: The proximal extent of weakly acidic
liquid and mixed liquid-gas reflux is a major factor
associated with reflux perception in SI-positive patients
on proton pump inhibitor therapy.
Key words: Proton pump inhibitor; Symptomatic reflux
episodes; Proximal reflux; Non-erosive reflux disease;
Impedance-pH monitoring
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Thirty-five non-erosive reflux disease patients
with persistent symptoms, despite taking rabeprazole
10 mg twice daily, were included. In 14 (40%) symptom
index (SI)-positive patients, with liquid weakly acid
reflux, the occurrence rate of reflux symptoms in pro
ximal reflux episodes was significantly more frequent
(46.7%) than in distal ones (5.7%) (P < 0.001). With
mixed liquid-gas weakly acid reflux, the occurrence
rate of reflux symptoms in proximal reflux episodes
was significantly more frequent (31.0%) than in distal
reflux ones (3.3%) (P < 0.001). The proximal extent
of weakly acidic liquid and mixed liquid-gas reflux is a
major factor of reflux perception in SI-positive patients
on proton pump inhibitor (PPI).
Nakagawa K, Koike T, Iijima K, Saito M, Kikuchi H, Hatta
W, Ara N, Uno K, Asano N, Shimosegawa T. Characteristics
of symptomatic reflux episodes in Japanese proton pump
inhibitor-refractory non-erosive reflux disease patients. World J
Gastroenterol 2015; 21(47): 13352-13359 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i47/13352.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i47.13352

INTRODUCTION
The reflux of gastric juice containing acid, bile,
and pepsin into the esophagus is a causal factor
of gastroesophageal reflux disease (GERD). It was
reported that the incidence of GERD has increased
significantly in each of the last two decades in Western
[1]
countries . The incidence of GERD is also increasing in
[2]
Japan as well because of the decreasing prevalence
of Helicobacter pylori (H. pylori) infection and the
Westernization of the diet in recent decades.
Proton pump inhibitors (PPIs) are commonly used
as the first-line treatment because of their high
effectiveness and prolonged duration in suppre
ssing of gastric acid secretion. Several studies have
demonstrated that non-erosive reflux disease (NERD)
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patients are less sensitive to PPI treatment than
[3-5]
patients with erosive reflux disease (ERD) . Patients
with NERD are hypersensitive to visceral stimulation,
which is characterized by a reduced pain threshold to
[6,7]
experimental stimulation .
With a combined pH and multiple intraluminal
impedance (MII-pH) technique that can detect
GERD irrespective of acidity, reflux with a nadir pH
between 4 and 7 (weakly acidic reflux) and with a
[8]
nadir pH above 7 (alkaline reflux) can be detected .
In Western countries, several studies have reported
[9-11]
using MII-pH monitoring in GERD patients
, but the
pathogenesis of heartburn and acid regurgitation has
not yet been fully elucidated in PPI-refractory NERD
patients on PPI.
Few studies have evaluated the association
between reflux symptoms and reflux episodes, and
reflux episodes that are liquid reflux and mixed liquidgas reflux in PPI-refractory NERD patients on PPI.
Therefore, the aim of this study was to clarify reflux
episodes, the occurrence of reflux symptoms, and the
pH values at each impedance site by classifying them
into acid reflux and weakly acid reflux.

MATERIALS AND METHODS
From August 2011 to April 2014, 35 consecutive NERD
patients [14 men; median age, 65 (21-76) years] with
persistent symptoms suggestive of gastro-esophageal
reflux despite taking rabeprazole 10 mg twice daily for
at least 8 wk were included in this study. Patients with
troublesome GERD symptoms in the absence of visible
esophageal mucosal injury at endoscopy without
taking off PPI were defined as NERD. In fact, patients’
symptoms were assessed using a questionnaire for
the diagnosis of reflux disease, the frequency scale
for symptoms of gastro-esophageal reflux disease
[12]
(FSSG) . PPI-refractory NERD patients were so
defined if their FSSG scores were higher than 8, and
they had persistently troublesome GERD symptoms,
such as heartburn or regurgitation, even while taking
a double dose of PPI (rabeprazole, 10 mg bid) for
at least 8 wk. All PPI-refractory NERD patients were
administered 24 h combined MII-pH on PPI. “Heavy
alcohol use” was defined as consuming more than 75
mL ethanol per day.
Subjects with peptic ulcer disease, malignant
disease, a history of previous esophagogastric surgery,
or who had taken antibiotics and prokinetic drugs prior
to the endoscopic examination were excluded from
the analysis. This study was approved by the Tohoku
University Hospital Ethics Committee. Informed
consent was obtained from all subjects, and the study
was conducted according to the provisions of the
Declaration of the Helsinki. No complications occurred
in any patients during this study.

Endoscopic findings

All patients underwent esophagogastroduodenoscopy.
Hiatus hernia was diagnosed when the distance between
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the esophagogastric junction and the diaphragmatic
hiatus was ≥ 2 cm. Gastric atrophy was endoscopically
assessed by the pattern system described by
[13]
Kimura and Takemoto . The extent of atrophy was
classified as either closed or open according to their
classification. The closed type is defined as having an
atrophic border restricted to the lesser curvature of the
stomach, whereas the open type is when the atrophic
border is absent on the lesser curvature but extends
along the anterior and posterior walls of the stomach.
In this study, “Gastric atrophy” was defined as the
open type.

Evaluation of H. pylori infection

Serum IgG antibodies against H. pylori were measured
by enzyme linked immunosorbent assay using an EIA
kit (E Plate “Eiken” H. pylori-antibody, Eiken Chemical
Co. Ltd., Tokyo, Japan). Patients were considered to be
infected with H. pylori if their serum test values were
greater than 9.90 U/mL.

MII-pH catheter characteristics and placement

The data of intraluminal electrical impedance were
recorded with a 2.1 mm in diameter polyvinyl assembly
containing a series of cylindrical electrodes spaced at
2 cm intervals (ConforTec MII/pH, Sandhill Scientific,
Highland Ranch, CO, United States). Each pair of
electrodes formed a measuring segment corresponding
to one recording channel (Sandhill Scientific, Highland
Ranch, CO, United States). The signals from six
impedance channels and two pH channels were
recorded at 50 samples per second.
The data were stored in a portable recorder and
saved on a 256 Mb Compact Flash card (San Disk,
Milpitas, CA, United States). The esophageal pH level
and gastric pH level were measured using an antimony
pH electrode. pH electrodes were calibrated using pH
4.0 and pH 7.0 buffer solutions before beginning the
recording.
Patients were studied after an overnight fast of at
least 10 h. After stationary esophageal manometry
to locate the lower esophageal sphincter (LES), the
pH- MII was passed through the nose under topical
anesthesia and positioned with the pH electrodes at
5 cm above the proximal border of the LES and 10
cm below the LES. In this position, impedance was
measured at 3, 5, 7, 9, 15, and 17 cm proximal to
the LES. Once the desired location was achieved,
the catheter was taped to the patient’ s nose and
connected to a recording device on the patient’ s belt,
and the impedance and pH data were recorded and
stored. Patients were encouraged to maintain normal
activity, sleep schedules, and usual meals at regular
times. Subjects were in the upright position as much
as possible during the daytime and were allowed free
movement and one recumbent period. All subjects had
three usual meals at regular times without betweenmeal eating during the measurement period. All
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events during testing, including meals, symptoms,
and body position (upright/recumbent), were entered
by the patient directly into the monitor. Portable MIIpH monitoring was performed over 24 h, after which
patients returned to the testing laboratory for catheter
removal.

MII-pH interpretation

The data stored on the Compact Flash card were
downloaded onto a personal computer and visually
analyzed with the assistance of dedicated software,
Bioview analysis version 5.4.3 (Sandhill Scientific).
Each recording was manually reviewed, edited, and
analyzed independently by two authors (K.N. and T.K.).
Discordant readings were reviewed until consensus
was reached. Reflux episodes were classified according
[14]
to previously described criteria . Liquid reflux was
defined as a retrograde 50% drop in impedance
starting distally (above the LES) and propagating
at least to the next two more proximal impedance
measuring segments. Gas reflux was defined as a
rapid (3000 Ω/s) increase in impedance, occurring
simultaneously in at least two esophageal measuring
segments, in the absence of swallowing. Mixed
liquid-gas reflux was defined as gas reflux occurring
immediately before or during a liquid reflux. Reflux
episodes consisting of only gaseous reflux, which
appears as a simultaneous increase in impedance >
3000 Ω, in any two consecutive sites were excluded
from the study. Reflux events were divided into three
subcategories based on the pH level at the point of
reflux: acid reflux (reflux episodes that reduced the
pH of the esophagus to below 4 or that occurred when
the esophageal pH was already below 4), weakly acid
reflux (an impedance-detected reflux event occurring
when the esophageal pH was between 4 < pH < 7),
and weakly alkaline reflux (a reflux episode during
[8]
which the pH did not drop below 7) . The numbers
and duration of total reflux events, acid reflux, and
weakly acid reflux were analyzed, whereas meal
periods (three periods of about 20 min each) were
excluded from the analysis. A reflux episode was
considered to be proximal reflux if the impedance
indicated liquid and mixed liquid-gas reflux at 15 cm
above the LES, and distal reflux if reflux was below
that level.
Symptoms were considered to be associated with
reflux if reflux episodes were detected 5 min prior to
the symptom occurring. The symptom index (SI) was
calculated for each patient in relation to liquid reflux
and mixed liquid-gas reflux. SI was defined as the
ratio of the number of symptoms related to the reflux
[15]
to the total number of symptoms . The relationship
between reflux symptoms and reflux episodes was
analyzed only in SI positive patients.
Pathological acid reflux is present when the intraesophageal pH is below 4 for greater than 4.2% of the
[16]
time .
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No. patients
Age (SD)
Gender (male/female)
Heavy drinker
Current smoker
BMI
Hiatus hernia
Helicobacter pylori
Gastric atrophy
FSSG score (SD)

14 (40.0)
61.9 (12.3)
6/8
3 (21.4)
2 (14.3)
21.1 (2.1)
3 (21.4)
4 (28.5)
6 (42.9)
16.7 (8.7)

SI negative
21 (60.0)
59.3 (15.6)
7/14
4 (19.0)
1 (4.8)
21.0 (2.3)
8 (38.1)
6 (28.6)
7 (33.3)
23.1 (9.0)

Reflux episodes
1

NS
NS1
NS2
NS2
NS2
NS2
NS2
NS2
NS2
0.04373

Statistical analysis

Parametric data were expressed as mean ± standard
deviation (SD) and non-parametric data as median
(interquartile range). The frequencies of different
impedance/pH patterns of reflux in each group were
analyzed and compared using Mann - Whitney U
-test. Correlations among intragastric pH levels and
the numbers of total reflux events, acid reflux, and
non-acid reflux, were analyzed by Spearman’s rank
correlation. Fisher’s exact test was used to compare
the categorical variables in the clinicopathological
features between SI positive and negative. A P value
of < 0.05 was considered to be significant. Analyses
were carried out using SPSS software (version 11.0;
Chicago, IL, United States).

RESULTS
Comparisons of related parameters between the SIpositive group and the SI-negative group are shown
in Table 1. Of the 35 NERD patients, 14 (40.0%) were
SI-positive, and 21 (60.0%) were SI-negative. There
were no significant differences in gender, heavy alcohol
use, current smokers, body mass index, presence
of esophageal hiatus hernia, gastric atrophy, or
prevalence of H. pylori infection. The mean FSSG score
of the SI-negative group (23.1 ± 9.0) was significantly
higher than that of the SI-positive group (16.7 ±
8.7) (P = 0.0437). Five patients (three patients with
SI positive and two patients with SI negative) had
abnormal esophageal acid exposure times.
In the 14 patients with a positive SI, 589 liquid
and mixed liquid-gas reflux episodes were recorded.
Amongst these, 94 (16.0%) were acid reflux, 477
(80.9%) were weakly acidic reflux, and 18 (3.1%)
were weakly alkaline reflux.
In the SI-positive patients, a total of 383 liquid
reflux episodes with acid reflux and weakly acid reflux
were detected. Overall, 51 (13.3%) reflux episodes
were symptomatic, including 14 (27.5%) acid and 37
(72.5%) weakly acidic. The total reflux episodes and
symptoms above the proximal margin of the LES at
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Unpaired t test; 2Fisher’s exact test; 3Mann-Whitney U-test; SI: Symptom
index; SD: Standard deviation; BMI: Body mass index.
1

Patient population

Symptomatic reflux

100

P value
Frequency of Reflux events

SI positive

(n = 14)

Time

Table 1 Clinicopathological features n (%)

0

5
7
9
15
17 cm
Distance above the proximal margin of the LES

Figure 1 Total liquid reflux episodes and symptoms above the proximal
margin of the lower esophagogastric junction at each impedance site. The
325 distal reflux episodes were significantly more frequent (84.9%) than the
58 proximal ones (15.1%) (P < 0.001, distal reflux episodes vs proximal ones).
LES: Lower esophagogastric junction.

each impedance site are shown in Figure 1. The 325
distal reflux episodes were significantly more frequent
(84.9%) than the 58 proximal ones (15.1%) (P <
0.001). The occurrence rate of reflux symptoms above
the proximal margin of the LES at each impedance
site is shown in Figure 2A. The occurrence rate of
reflux symptoms in proximal reflux episodes was
significantly more frequent (44.8%) than in distal
ones (7.7%) (P < 0.001). With liquid acid reflux, there
were no significant differences in the occurrence rate
of reflux symptoms between proximal reflux episodes
(38.5%) and distal ones (20.5%) (NS) (Figure 2B).
On the other hand, with liquid weakly acid reflux, the
occurrence rate of reflux symptoms in proximal reflux
episodes was significantly more frequent (46.7%) than
in distal ones (5.7%) (P < 0.001) (Figure 2C).
A total of 188 mixed liquid-gas reflux episodes
with acid reflux and weakly acidic were detected,
and 29 (15.4%) were symptomatic. The total reflux
episodes and symptoms above the proximal margin
of the LES at each impedance site are shown in
Figure 3. Distal reflux episodes were significantly
more frequent (60.1%) than proximal reflux ones
(39.9%) (P = 0.0047). The occurrence rate of reflux
symptoms above the proximal margin of the LES
at each impedance site is shown in Figure 2D. The
occurrence rate of reflux symptoms in proximal reflux
episodes was significantly more frequent (30.7%) than
in distal ones (5.3%) (P < 0.001). In addition, when
classifying acid reflux and weakly acid reflux, as simply
acid reflux, there were no significant differences in the
occurrence rate of reflux symptoms between proximal
reflux episodes (29.4%) and distal ones (14.3%)
(NS) (Figure 2E). On the other hand, with weakly
acid reflux, the occurrence rate of reflux symptoms
in proximal reflux episodes was significantly more
frequent (31.0%) than in distal ones (3.3%) (P <
0.001) (Figure 2F).
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Figure 2 Occurrence rates of reflux symptoms. A: Occurrence rates of reflux symptoms above the proximal margin of the lower esophagogastric junction at each
impedance site with liquid reflux. The occurrence rate of reflux symptoms in proximal reflux episodes was significantly more frequent (44.8%) than in distal ones (7.7%)
(P < 0.001, proximal reflux episodes vs distal ones); B: Occurrence rates of reflux symptoms above the proximal margin of the lower esophagogastric junction at
each impedance site with acid reflux. There were no significant differences in the occurrence rate of reflux symptoms between proximal reflux episodes (38.5%) and
distal ones (20.5%) (NS); C: Occurrence rates of reflux symptoms above the proximal margin of the lower esophagogastric junction at each impedance site with liquid
weakly acid reflux. The occurrence rate of reflux symptoms in proximal reflux episodes was significantly more frequent (46.7%) than in distal ones (5.7%) (P < 0.001,
proximal reflux episodes vs distal ones); D: Occurrence rates of reflux symptoms above the proximal margin of the lower esophagogastric junction at each impedance
site with mixed gas-liquid reflux. The occurrence rate of reflux symptoms in proximal reflux episodes was significantly more frequent (30.7%) than in distal ones (5.3%)
(P < 0.001, proximal reflux episodes vs distal ones); E: Occurrence rates of reflux symptoms above the proximal margin of the lower esophagogastric junction at each
impedance site with mixed liquid-gas acid reflux. There were no significant differences in the occurrence rate of reflux symptoms between the proximal reflux episodes
(29.4%) and distal ones (14.3%) (NS); F: Occurrence rates of reflux symptoms above the proximal margin of the lower esophagogastric junction at each impedance
site with mixed liquid-gas weakly acid reflux. The occurrence rate of reflux symptoms in proximal reflux episodes was significantly more frequent (31.0%) than in distal
ones (3.3%) (P < 0.001, proximal reflux episodes vs distal ones). LES: Lower esophagogastric junction.
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(n = 14)
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Reflux episodes
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Figure 3 Total mixed liquid-gas reflux episodes and symptoms above the
proximal margin of the lower esophagogastric junction at each impedance
site. The 113 distal reflux episodes were significantly more frequent (60.1%)
than 35 proximal reflux (39.9%) (P = 0.0047, distal reflux episodes vs proximal
reflux). LES: Lower esophagogastric junction.

DISCUSSION
In Western countries, 20 mg of rabeprazole is the
standard dose for GERD patients, whereas in Japan,
20 mg rabeprazole is used as a double dose PPI
therapy for such patients. Therefore, patients with
persistent symptoms despite using 20 mg rabeprazole
were considered to be PPI-refractory NERD patients in
Japan.
In this study, the relationship between reflux
symptoms and reflux episodes were analyzed only in
SI positive patients. SI negative patients did not show
a relationship between reflux symptoms and reflux
episodes because they were not analyzed.
Of the 35 NERD patients, 14 (40.0%) were SIpositive and 21 (60.0%) were SI-negative. SI-negative
is characterized by functional heartburn (FH), which is
generally defined according to the Rome Ⅲ criteria as
the presence of reflux symptoms with no evidence of
[17]
symptomatic reflux by MII-pH monitoring .
The FSSG score, which is widely used for the
diagnosis of GERD in Japan, assesses the 12 sym
ptoms that Japanese patients with GERD complain
of most often, not only heartburn but also dyspeptic
symptoms, such as “heavy stomach” and “feeling full
[12,18,19]
quickly”
. In the present study, the FSSG score
in the SI-negative group was significantly higher than
that in the SI-positive group because patients with FH
had a tendency to be more sensitive both to heartburn
and dyspeptic symptoms than those who were SI
positive.
In our study, 94 of total reflux episodes (16.0%)
were acid reflux, 477 (80.9%) were weakly acidic
reflux, and 18 (3.1%) were weakly alkaline reflux.
Therefore, weakly acid reflux is a major factor in the
reflux symptoms of SI positive patients with NERD,
despite taking a double-dose of PPI. These results
are similar to previous results reported from Western
[20,21]
[22,23]
countries
and Japan
.
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A previous study suggested that the level of reflux
might play an important role in the symptoms of
[10,20-23]
GERD, including NERD patients
. In Western
countries, it has been reported that a high proximal
extent of the refluxate is an important factor associated
with reflux perception in patients with GERD off-PPI
[10,13]
[24,25]
therapy
and on-PPI therapy
. In Japan, it was
reported that proximal liquid migration was associated
with symptomatic reflux in PPI-refractory NERD
[22,23]
patients
. However, few studies have evaluated in
Japan the relationship between reflux symptoms and
reflux episodes by comparing liquid reflux and mixed
liquid-gas reflux in PPI-refractory NERD. In addition,
few studies have classified reflux episodes and the
occurrence of reflux symptoms at each impedance site
into acid reflux and weakly acid reflux.
In our study, with liquid reflux, the occurrence rate
of reflux symptoms in the proximal reflux episodes
was significantly more frequent (44.8%) than in
distal ones (7.7%). With liquid weakly acid reflux, the
occurrence rate of reflux symptoms in proximal reflux
episodes was significantly more frequent (46.7%) than
in distal ones (5.7%). With mixed liquid-gas weakly
acid reflux, the occurrence rate of reflux symptoms
in proximal reflux episodes was significantly more
frequent (31.0%) than in distal ones (3.3%). As
supported by previous studies, the proximal extent of
reflux with liquid weakly acid reflux is a major factor
[22,23]
in the perception of reflux
. The etiology of the
association between the symptoms and the proximal
extent of gastroesophageal reflux still remains to
be fully elucidated. In a previous study, a secondary
mechanical hyperalgesia of the proximal esophagus
(not exposed to acid) was demonstrated following
[26]
acid perfusion of the distal esophagus . Additionally,
dilation of the intercellular spaces of the esophageal
epithelium, first demonstrated in the distal esophagus
and proposed as a mechanism of reflux perception in
NERD, has since been demonstrated in the proximal
[27]
esophagus by Caviglia et al . Additionally, the
proximal esophagus might have a larger number of
mechanoreceptors than the distal esophagus as a
result of dilatation of the intercellular spaces of the
[28]
epithelium . In NERD patients, the presence of gas
in the refluxate significantly enhances the probability
[13]
of reflux perception . Concerning mixed liquid-gas
reflux, clarification of these mechanisms could be
useful. However, with liquid acid reflux, there were no
significant differences in the occurrence rate of reflux
symptoms between proximal reflux episodes (38.5%)
and distal ones (20.5%). With mixed liquid-gas acid
reflux, there were no significant differences in the
occurrence rate of reflux symptoms between proximal
reflux episodes (29.4%) and distal ones (14.3%). The
occurrence rate of reflux symptoms was more frequent
in the proximal esophagus with weakly acid reflux,
although it was more frequent in distal esophagus as
well as proximal esophagus with acid reflux. Therefore,
acid reflux is an important factor even in distal
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esophageal reflux in PPI-refractory NERD patients. Acid
reflux causes macroscopic damage to the esophageal
wall, which is a stimulating factor that contributes
[29]
to the reflux symptoms . Even if the proportion of
acid reflux is less than that of weakly acid reflux, acid
reflux is one of the important factors in the perception
of reflux with insufficient acid suppressive therapy in
NERD patients.
In this study, the subjects did not have standardized
meals during the measurement period because we
wanted to evaluate reflux conditions in their usual daily
activity.
Reflux episodes consisting of gas reflux events
without liquid (belches) and weakly alkaline were
not considered for the purpose of this study. We did
not include the relationship between gas-only reflux
episodes and symptoms because of differences in the
mechanisms and therapeutic approaches for liquidcontaining and gas-only reflux episodes. Furthermore,
the frequency of symptomatic pure gas reflux and
weakly alkaline was very low and, therefore, not
further analyzed.
In conclusion, the proximal extent of weakly acidic
liquid and mixed liquid-gas reflux are major factors
associated with reflux perception in SI-positive patients
on PPI therapy. In acid reflux that includes gas, reflux
to the distal esophagus is associated with reflux
perception in SI-positive patients with PPI-refractory
NERD.

effectiveness and prolonged duration in suppressing gastric acid secretion.
Several studies have demonstrated that NERD patients are less sensitive to
PPI treatment than patients with erosive reflux disease. Patients with NERD are
hypersensitive to visceral stimulation, which is characterized by a reduced pain
threshold to experimental stimulation. With a combined MII-pH technique that
can detect GERD irrespective of acidity, reflux with a nadir pH between 4 and 7
(weakly acidic reflux) and with a nadir pH above 7 (alkaline reflux) can also be
detected. The SI was calculated for each patient in relation to liquid reflux and
mixed liquid-gas reflux. SI was defined as the ratio of the number of symptoms
related to the reflux to the total number of symptoms.

Peer-review

This is an interesting and carefully conducted study, which sheds some light
into the nature of NERD. The aim of this study was to clarify reflux episodes,
the occurrence of reflux symptoms, and the pH values at each impedance
site by classifying them into acid reflux and weakly acid reflux. The authors
concluded that the proximal extent of weakly acidic liquid and mixed liquid-gas
reflux is a major factor associated with reflux perception in SI-positive patients
on PPI therapy.
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Abstract
AIM: To develop a Fok -I nested polymerase chain
reaction (PCR)-restriction fragment length poly
morphism analysis (PRA) method for the detection of
hepatitis B virus X region (HBx) V5M mutation.
METHODS: Nested PCR was applied into DNAs from
198 chronic patients at 2 different stages [121 patients
with hepatocellular carcinoma (HCC) and 77 carrier
patients]. To identify V5M mutants, digestion of nested
PCR amplicons by the restriction enzyme Fok -I (GGA
TGN9↓) was done. For size comparison, the enzymetreated products were analyzed by electrophoresis on
2.5% agarose gels, stained with ethidium bromide,
and visualized on a UV transilluminator.
RESULTS: The assay enabled the identification of 69
patients (sensitivity of 34.8%; 46 HCC patients and
23 carrier patients). Our data also showed that V5M
prevalence in HCC patients was significantly higher
than in carrier patients (47.8%, 22/46 patients vs 0%,
0/23 patients, P < 0.001), suggesting that HBxAg V5M
mutation may play a pivotal role in HCC generation in
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chronic patients with genotype C infections.
CONCLUSION: The Fok -I nested PRA developed in
this study is a reliable and cost-effective method to
detect HBxAg V5M mutation in chronic patients with
genotype C2 infection.
Key words: Hepatitis B virus; X antigen; Polymerase
chain reaction-restriction fragment length polymorphism
analysis; V5M mutation; Hepatocellur carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we developed a reliable
and cost-effective Fok -I nested polymerase chain
reaction-restriction fragment length polymorphism
analysis (PRA) method for the detection of V5M
from chronic patients with genotype C2 infection. In
addition, our epidemiological data based on the Fok -I
nested PRA method strongly support the previous
reports that V5M may play a very pivotal role in hepato
carcinogenesis, at least in chronic patients infected
with genotype C2.
Kim H, Hong SH, Lee SA, Gong JR, Kim BJ. Development
of Fok-I based nested polymerase chain reaction-restriction
fragment length polymorphism analysis for detection of hepatitis
B virus X region V5M mutation. World J Gastroenterol 2015;
21(47): 13360-13367 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13360.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13360

INTRODUCTION
Hepatitis B virus (HBV) infection is a global health
problem, and more than 350 million people are chronic
[1]
carriers of the virus . Korea is a recognized endemic
area of HBV infection, and an extraordinary prevalence
of genotype C2 was also reported in this area, which
is known to be more prone to mutations and related
to more severe liver diseases and a lower antiviral
[2,3]
response compared with genotype B . Furthermore,
the high prevalence of basal core promoter (BCP)
double mutations and the presence of a distinct
immune response against HBV proteins in the Korean
population could lead to the generation of distinct HBV
variants that are rarely encountered in other areas,
resulting in distinct clinical manifestations in Korean
[4-19]
chronic patients
.
Despite its small size, the HBV genome contains
four partially overlapping open reading frames
[20]
producing at least seven viral gene products . Among
these, the HBV X antigen (HBxAg) has been the
focus of much attention in recent years because it is
implicated strongly in hepatocarcinogenesis. HBxAg is
a 154-amino-acid protein with an N-terminal negative
regulatory domain and a C-terminal transactivation
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domain. The HBxAg is multifunctional and affects gene
transcription, signaling pathways, genotoxic stress
responses, cell-cycle control, and apoptosis, and it also
[21-24]
plays an essential role in viral replication
.
During the natural course of HBV infection,
naturally occurring mutations may occur, and these
[25-27]
could be HBV variants that affect prognosis
.
Several reports have demonstrated that specific
point mutations, deletions or insertions in the HBxAg
gene were related to severe forms of liver disease,
[17,28,29]
such as cirrhosis of the liver and/or HCC
.
In particular, our previous study based on a direct
sequencing protocol had introduced a novel N-terminal
mutation type, V5M/L, with a mutation in codon 5 of
HBxAg from Korean chronic patients with genotype C
[12]
infections . This mutation type was found significantly
more frequently in HCC patients than in patients in
other disease groups. This finding suggests that it may
play a pivotal role in HCC generation during the natural
course of HBV chronic infection. For its monitoring
among chronic patients, particularly with genotype
C2 infections, the development of a new molecular
diagnostic method for its detection is needed. For this
purpose, in the present study, we developed a new
nested PCR-restriction fragment length polymorphism
analysis (PRA) method that can detect V5M and
applied it to DNAs from Korean chronic patients.

MATERIALS AND METHODS
Study subjects

Among the patients visiting the Jeju National University
Hospital from March to November and the Seoul
National University Hospital from January to December
in 2005, hepatitis B patients were selected in this
study. The patients with a history of anti-viral therapy,
an alcoholic liver disease, or hepatitis C involving liver
disorders were excluded from this research. For an
analysis of the correlation between V5M mutants and
hepatocellular carcinoma (HCC), 121 serum samples
from HCC patients and 77 samples from carriers were
collected and stored at -80 ℃. The basic biochemical
tests for the serum samples were performed, and
hepatitis B e antigen (HBeAg), anti-HBe, HBV-DNA
and alpha-fetoprotein (AFP) assays were performed in
the case of hepatitis B surface antigen (HBsAg)-positive
samples. The detection of HBsAg, HBeAg, anti-HBs,
and anti-HBe were performed by a chemiluminescence
immunoassay (Abbott ARCHITECT, Abbott, IL, United
States), and the determination of the serum HBV DNA
was quantified by using a Versant HBV DNA Assay
version 3.0 (bDNA, Siemens, NY, United States).
This study was approved by the Institutional Review
Board of Seoul National University Hospital (IRB No.
1404-070-572).

Diagnosis of liver disease

A definitive diagnosis of liver disease was made
according to the overall findings, including clinical,
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biochemical, and radiological data. Among patients
having positive HBsAg, the subjects with positive
HBeAg, anti-HBe negative, HBV DNA positive, and
normal serum transaminase were clinically defined
as HBeAg-positive healthy carriers if there was no
evidence of chronic liver disease in the radiologic
[30]
findings . Hepatocellular carcinoma was diagnosed
by clinical findings such as more than 400 pg/mL
in a typical value of the serum alpha-fetoprotein
(AFP), typical hyper blood vessels upon computed
[31]
tomography (CT) or biopsy from the liver .

HBV DNA extraction

Viral HBV DNA was extracted from 200 μL of the
serum obtained from 121 HCC and 77 carrier patients
using the QIAamp DNA Blood Mini Kit (QIAGEN,
Hilden, Germany). Briefly, 20 μL of QIAGEN Protease
(or proteinase K) was added into the 1.5 mL microcentrifuge tube containing 200 μL of serum sample.
Then, 200 μL of buffer AL was added into the sample
and was mixed by pulse-vortexing for 15 s. To ensure
efficient lysis, it is essential that the sample and Buffer
AL are mixed thoroughly to yield a homogeneous
solution. After the sample was incubated at 56 ℃ for
10 min, 200 μL of ethanol (96%-100%, DukSan,
Seoul, Korea) was loaded into the sample and was
mixed again by pulse-vortexing for 15 s. After mixing,
the mixture was carefully applied to the QIAamp Minispin column and was centrifuged at 8000 rpm for 1
min. Then, 500 μL of buffer AW1 was carefully added
into the column, and the column was centrifuged at
8000 rpm for 1 min. Next, 500 μL of buffer AW2 was
added into the column and was centrifuged at full
speed (14000 rpm) for 3 min. After the collection tube
containing the filtrate was discarded, 50 μL of buffer
AE was added into the column and was incubated at
room temperature for 1 min; it was then centrifuged
at 8000 rpm for 1 min. The eluted DNA was stored at
-20 ℃ and used for polymerase chain reaction (PCR)
mixtures as the template.

PCR amplification and direct sequencing analysis of
HBx region

To analyze the mutation patterns in the HBx gene from
69 patients amplified by nested PCR, the PCR product
was directly sequenced for sequence analysis. The first
round of PCR was carried out using the sense primer
X-pro-F1 (5’-CTC TGC CAA GTG TTT GCT GA-3’;
GenBank accession number AY641558, positions
1171-1190 nt) and the antisense primer X-pro-R1
(5’-CAA GGC ACA GCT TGG AGG CT-3’; positions
1886-1905 nt), which amplify a HBV X region, while
the second round of amplification was performed
using the sense primer X-pro-F2 (5’-TTG CTC GCA
GCC GGT CTG GA-3’; positions 1295-1314 nt) and
the antisense primer X-pro-R2 (5’-TGA ACA GTA
GGA CAT GAA CA-3’; antisense positions 1866-1885
nt) (Figure 1A). PCR was initiated using the i-MAX
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Ⅱ DNA polymerase (iNtRON Bio, Seoul, Korea) in a
20 μL mixture containing 1X PCR buffer containing 2
mmol/L MgCl2, 2.5 mmol/L dNTP each, 5 pmol primer
each, and 5 U of i-MAX Ⅱ DNA polymerase. The 2 μL
of Template DNA extracted from patients’ serum was
added into the mixture. The final reaction mixture
was subjected to 30 cycles of amplification (60 s at
95 ℃, 45 s at 60 ℃, and 90 s at 72 ℃) followed by
a 5 min extension at 72 ℃. A 96-well thermocycler
(Model 9600 thermocycler, Perkin-Elmer Cetus,
Norwalk, United States) was also used. The obtained
PCR products were analyzed by electrophoresis on
1% agarose gels, stained with ethidium bromide,
and visualized on a UV transilluminator. For direct
sequence analysis, an Applied Biosystems model 373A
automatic sequencer and a BigDye terminator cycle
sequencing kit (Perkin-Elmer Applied Biosystems,
Norwalk, United States) were used for the sequencing.
For sequencing reactions, 60 ng of PCR-amplified
DNA, 5 pmol of reverse primer (X-pro-R2), and 4 μL
of BigDye terminator v2.0 100 RR mix (Perkin-Elmer
Applied Biosystems, Norwalk, United States) were
mixed. Contents were adjusted to a final volume of 10
μL by adding distilled water, and the reaction was run
for 30 cycles of 10 s at 96 ℃, 5 s at 60 ℃, and 4 min
at 60 ℃. Determined sequences were aligned with the
sequences of five HBV references (GenBank accession
no. M57663, AB100695, AB074755, AY247032,
AY641558, and X02496) using the multiple-alignment
algorithm in the MegAlign package (DNASTAR, WS,
United States).

Detection of V5M mutation by Fok-I PCR-restriction
analysis

To identify V5M mutants conveniently from PCR
product, the restriction enzyme Fok-I (GGA TGN9↓)
was used in this study. Amplification of the targeted X
region was performed under the same conditions in the
first round of the nested PCR using the same primer
set (X-pro-F1 and X-pro-R1). The second round of PCR
was conducted using the sense primer X-pro-F2 (5’-TTG
CTC GCA GCC GGT CTG GA-3’; positions 1295-1314
nt) and the antisense primer X-pro-R3 (5’-CGT GCA
GAG GTG AAG CGA AG-3’; antisense 1584-1603 nt),
which could amplify the size of the 290-bp product
(Figure 1A). After amplification, 5 units of Fok-I (New
England Biolabs, MA, United States) restriction enzyme
were treated with 10x buffer and PCR product at 37 ℃
for 1 h. For size comparison, the enzyme-treated
products were analyzed by electrophoresis on 2.5%
agarose gels, stained with ethidium bromide, and
visualized on a UV transilluminator (Figure 2).

Statistical analysis

Statistical analysis of the data in this study was
conducted using the SPSS version 21.0 software
program (Professional Statistic, Chicago, IL), and
the results are expressed as percentages. Frequency

13362

December 21, 2015|Volume 21|Issue 47|

Kim H et al . PRA method for HBx V5M mutation

A

st

1 round PCR (X-pro-F1 and R1)
nd

2 round nested PCR for amplifying X region (X-pro-F2 and R2)(572-bp)
nd

2 round PCR for PRA (X-pro-F2 and R3)(290-bp)

X region
1171

1295

B

1374

1584

1836
1866
1886

V5M mutation

Reference strains

HCC patients

Carriers

Amino acid distribution

Nucleotide distribution

Figure 1 Polymerase chain reaction amplification and direct sequencing analysis of hepatitis B virus X region. A: Location of primer set for the nested PCR
direct sequencing (1st primer set; X-pro-F1 and X-pro-R1, 2nd primer set; X-pro-F2 and X-pro-R2) and Fok-I based nested PRA (1st primer set; X-pro-F1 and X-pro-R1,
2nd primer set; X-pro-F2 and X-pro-R3) for the detection of HBxAg V5M mutations and the 3 polymorphisms [V5(GTG), M5(ATG), and L5(CTG or TTG)] of the 5th
codon of HBxAg; B: The amino acid and nucleotide sequences of the X region from six reference strains (Genotype A, B, C1, C2, and D) and 10 chronic hepatitis
patients (five carriers and five HCC patients) were aligned.
2

tables were analyzed using the χ tests or Fisher’s
exact test. Student’s t test was used when the data
showed a normal distribution. In all tests, P values <
0.05 were considered to be statistically significant.

RESULTS
Design of a novel Fok-I nested PRA for the detection
V5M mutation in HBxAg

Previously, 3 polymorphisms, V5(GTG), L5(CTG)
th
and M5(ATG), were reported to be found in the 5
[12]
codon of HBxAg in Korean chronic patients . The
V5(GTG) type is wild type for genotype C2. Although
L5(CTG) is rare in genotype C2, it is also found in
the wild types of genotype A, B, C1 and D (Figure
1B). We therefore sought to develop the diagnostic
method of Fok-I-based nested PRA to detect the
M5(ATG) type (hereafter designated V5M), a genuine
th
mutation among 3 types of polymorphisms in the 5
codon of HBxAg in this study. First, for the nested
PCR, the total sequences of four HBV genotype C2
strains retrieved from GenBank were aligned using the
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SeqManTM Ⅱ software (DNASTAR) (data not shown),
and two primer pairs (outer and inner for nested
PCR) for the amplification of an HBxAg fragment
were designed using Oligo V 6.5 (Molecular Biology
Insights), producing a 290-bp nested PCR amplicon
(Figure 1A and Figure 2). Second, to enable the simple
separation between the V5M type and 2 wild types,
V(GTG) and L(CTG), we developed a novel Fok-I
(GGATGN9↓) PRA algorithm using MapDraw (version
3.14; DNASTAR, Madison, Wis.). The Fok-I restriction
enzyme can recognize the V5M mutation but not the
2 wild types, V(GTG) and L(CTG). It produced 3 types
of PRA pattern. In the presence of wild type [V(GTG)
or L(CTG)] alone in blood sample DNA, it can produce
one band of undigested 290-bp in an agarose gel. In
the presence of V5M mutant type alone having the
Fok-I recognition site in blood sample DNA, it can
produce two completely digested bands, 186-bp and
104-bp, in an agarose gel. Finally, with the coexistence
of both wild type and V5M type, it can produce three
bands, an undigested one (290-bp) from the wild type
and 2 digested bands, 186-bp and 104-bp, from the
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st
1 Nested PCR amplicons (298-bp) using two primer sets (X-pro-F1 and R1 → X-pro-F2 and R3)

nd

2 Detection of V5M mutation by PRA of nested PCR amplicons

Fok -I (GG ATG nnn nnn nnn ↓)
V5M

104-bp

186-bp

290-bp

rd

3 Analysis of different types of PRA band patterns from gel electrophoresis
1-band

2-band

3-band

290-bp
186-bp
104-bp
Wild type

V5M

Mixed

Figure 2 Algorithm of Fok-I nested polymerase chain reaction-restriction fragment length polymorphism analysis method for the detection of V5M
mutation in the HBV X antigen region used in the present study.

direct sequencing protocol (specificity of 100%). The
prevalence of infection of the V5M mutant type was
significantly higher in HCC compared with carriers
[47.8% (22/46 patients) vs 0 % (0/23 patients), P <
0.001] (Table 2).

Table 1 Sensitivity of nested polymerase chain reaction assay for
the amplification of the 572-bp HBV X antigen fragment n (%)
No. of samples (n = 198)

Sensitivity

HCC (n =121) Carrier (n =77)
PCR amplification

46 (38.0)

23 (29.9)

34.8%

DISCUSSION

PCR: Polymerase chain reaction.

X5M type in an agarose gel (Figures 2 and 3).

Application of Fok-I nested PRA into DNAs from 198
chronic patients

Our Fok-I nested PRA protocol designed in this study
was applied to the DNA from 198 chronic patients of
2 different stages (121 patients with hepatocellular
carcinoma and 77 carrier patients). We produced the
nested PCR amplicons from 69 patients (sensitivity of
34.8%; 46 HCC patients and 23 carrier patients) (Table
1). In 46 HCC patients with PCR-positive amplicons, 24
(52.2%), 17 (37.0%) and 5 (10.8%) were identified
as wild-type infection alone, V5M mutant type infection
alone, and coinfection with both types, wild and
mutant, respectively (Figure 3). A total of 22 (47.8
%) from 46 HCC patients with positive PCR amplicons
were identified as infection with the V5M mutant. All
23 carriers with PCR positive amplicons were identified
as wild-type infection alone. No patients with V5M
mutant infection were found in the carriers. This result
was completely concordant with that obtained from a
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Previously, we introduced a total of 5 types of
mutations in the X gene (V5M/L, P38S, H94Y, I127T/N,
and K130M and V131I) that were significantly related
to the clinical severity of chronic patients infected with
genotype C2 via a molecular epidemiologic study of
[12]
Korean chronic patients . Of these, the V5M/L type
was first introduced by us and has some properties
that are distinct from other mutations. First, this is a
genuine HCC-specific mutation as its prevalence in
HCC patients was significantly higher than even that
of cirrhosis patients or in chronic hepatitis or carriers.
Recently, the combination of both BCP double mutations
and both types of the V5M mutation, V5M and V5L,
has also been reported to increase the risk of HCC by
5.34 times compared with wild type, suggesting that
V5M with HBV genotype C2 is a risk factor for the
development of HCC and can be used to predict the
[32]
clinical impact of chronic HBV infection . Second, it
is more prevalent in HBeAg-negative patients than
in HBeAg-positive patients, suggesting that it may
[12]
be generated from host immune pressure . Third,
of note, it has a positive correlation with the BCP
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A

HCC patients
SNUII
M

1

Carriers

Seldi
7

48

49

SNUII

50

52

53

20

Seldi
25

7

HE
100

130

133

134

NTC

290-bp
186-bp
104-bp

Mixed type
(3 bands)

B

Seldi50

V5M type
(2 bands)

Wild type
(uncut band)
Seldi48

th

5

Wild type
th
5 Valine (GTG)

th

5

Mutation type
th
5 Methionine (ATG)

SNUII-1

th

5

Mixed type
th
5 Valine or Methionine (GTG or ATG)

Figure 3 Application of Fok-I nested polymorphism analysis method (A) and direct sequencing analysis (B) into serum DNAs. A: The Fok-I PRA application
of nested PCR products could produce three types of PRA pattern on an agarose gel (2.5%): an undigested 290-bp from the wild type, V5(GTG); two bands of
complete digestion, 186-bp and 104-bp, from the V5M mutant and three bands, an undigested one of 290-bp from the wild type and 2 digested bands, 186-bp and
104-bp, from V5M mutant. B: Direct sequencing could also produce three types: wild type only [V5(GTG)], mutation only [M5(ATG)], and mixed types with the wild type
V5(GTG) and M5(ATG). The mixed types showed the mixed peaks (G and A) at the first nucleotide of the 5th codon of HBxAg (NTT). The results of the Fok-I nested
PRA method were completely concordant with those obtained by direct sequencing analysis. Lane M, 100-bp DNA ladder marker.

Table 2 Evaluation of Fok -I nested polymorphism analysis
assay for the detection of V5M mutations from 69 samples
amplified by nested PCR by comparing with the results of the
direct sequencing method n (%)
th

Type of HBxAg 5
codon

Wild type
V5M
Wild type + V5M

Result for

Fok -I nested PRA

Direct sequencing

HCC
(n =46)

Carrier
(n =23)

HCC
(n =46)

Carrier
(n =23)

24 (52.2)
17 (37.0)
5 (10.8)

23 (100)
0 (0)
0 (0)

24 (52.2)
17 (37.0)
5 (10.8)

23 (100)
0 (0)
0 (0)

PRA: Polymorphism analysis; HCC: Hepatocellular carcinoma; HBxAg:
HBV X antigen.

[12]

mutations K130M and V131I . Taken together, it
may play a very pivotal role in hepatocarcinogenesis
during the HBeAg-negative immune active stage in
the natural course of genotype C2 HBV infection. The
development of molecular diagnosis for the detection
of V5M must therefore be accomplished in genotype
C2 endemic areas such as South Korea and China.
For the molecular detection of V5M mutants of
the HBV X region, we developed a molecular-based
approach, Fok-I nested PRA, which allowed for the
rapid detection of the V5M mutant type without
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sequence analysis. There are some noteworthy
advantages in our Fok-I nested PRA method. First,
the 5-bp consecutive HBV sequences (GGATG)
corresponding to the Fok-I (GGATGN9↓) recognition
site of the V5M mutant type are highly conserved
among the HBV genotype C2 strains having the V5M
mutation, as shown in Figure 1B. When we analyzed
the HBxAg sequences from 45 independent chronic
patients infected with genotype C2 who had been
identified as having the V5M mutation by direct
[12]
sequencing analysis , no mutations were found
in the 5-bp consecutive HBV sequences (GGATG)
(data not shown). This result could guarantee the
enhanced specificity of our Fok-I nested PRA method.
Actually, our Fok-I PRA method can detect all of the
V5M mutations with 100% specificity compared with
the direct sequencing protocol (Table 2). Second,
this method can also detect mixed type infections
consisting of both the V5M mutant and the wild type
in addition to being able to detect V5M mutation
infections alone and wild type infections alone.
However, some concerns regarding this assay should
also be noted. First, this method may underestimate
the frequency of the V5M/L mutation because it is
blind to the L(CTG) genotype starting from the CTG in
th
the 5 codon of the X region, which is found in wild-

13365

December 21, 2015|Volume 21|Issue 47|

Kim H et al . PRA method for HBx V5M mutation
type genotype A, B, C1 or D, but very rare in genotype
C2 as shown in Figure 1B. However, given that the
V5L genotype is the wild type in genotype A, B or D, it
seems more likely and reasonable that unlike the V5M
type, it may be one of the wild types in genotype C2
rather than the mutation generated by host immune
pressure. Second, despite the nested PCR protocol, our
assay had a low level of sensitivity (34.8 %, 69/198
patients) (Table 1). This low sensitivity may be due to
the absence of the target X region rather than a defect
[33]
of our assay as previously reported
because in 129
samples not amplified by our assay, our repeated
attempts to amplify a partial X gene also failed, but
the nested PCR protocol targeting the partial S gene
could amplify most of them (data not shown). Our
epidemiological data based on our Fok-I nested PRA
method showed that V5M mutations are significantly
more prevalent in HCC patients than in carrier stage
patients [47.8% (22/46 patients) vs 0% (0/23
patients), P < 0.001], strongly supporting previous
reports that this mutation may play a very pivotal role
in hepatocarcinogenesis, at least in chronic patients
[12,32]
infected with genotype C2
.
In the present study, we developed a reliable
and cost-effective Fok-I nested PRA method for the
detection of V5M from chronic patients with genotype
C2 infection. In addition, our epidemiological data based
on the Fok-I nested PRA method strongly support the
previous reports that V5M may play a very pivotal role
in hepatocarcinogenesis, at least in chronic patients
infected with genotype C2.

identification of target mutations from primary specimens such as serum.

Peer-review

The authors developed a reliable and cost-effective Fok-I nested PRA method
for the detection of V5M from chronic patients with genotype C2 infection,
which could be effectively used for its screening instead of direct sequencing
protocols. Furthermore, they also confirmed that V5M may play a very pivotal
role in hepatocarcinogenesis, at least in chronic patients infected with genotype
C2.
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Abstract
AIM: To investigate the present situation of elderly
constipation in urban and rural areas of the Beijing
region.
METHODS: A total of 1942 cases (≥ 60 years) were
selected in the Beijing region for investigation. Con
stipation-related data collection was carried out via
hierarchical status, segmentation, and random cluster
sampling. Patient data concerning constipation-related
demographic indicators, education level, occupation,
economic status, and history of gastrointestinal disease
was obtained via questionnaires and surveys. Con
stipation was defined according to the Rome Ⅲ criteria,
with the following constipation judgment indicators:
defecation less than 3 times per week, stool weight
less than 35 g/d, dry and hard stool, and difficulty
in defecating during more than 25% of evacuation
attempts.
RESULTS: Of the 1942 cases, 634 were diagnosed
with constipation, and the total prevalence rate
was 32.6%, which increased with age. There was
a statistically insignificantly higher prevalence of
constipation in females (compared to males) and
urban areas (compared to rural areas). There was
a statistically insignificantly higher prevalence in the
illiterate group compared to the literacy group. Those
engaged in mental work suffered from statistically
significantly higher constipation prevalence than those
engaged in physical labor. A total of 1847 cases did
not suffer from gastritis, of which 595 cases were
constipated; although the prevalence rate was 32.2%,
showing a higher incidence of constipation in patients
with gastritis, no significant statistical difference
between the two groups was found. A total of 59 cases
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with a past history of biliary tract disease were found,
of which 26 had constipation; constipation prevalence
was 44.1% (far higher than other groups), which was
a statistically significant difference.
CONCLUSION: The prevalence of elderly constipation
in the Beijing region closely resembles Western
countries, and is significantly affected by region, age,
and past history of other related illnesses.
Key words: constipation; Elderly; Epidemiology; Pre
valence; Factors
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Constipation is a common clinical symptom
of gastrointestinal dysfunction. Only a few people
suffering from constipation problems will seek medical
advice. This article concerns the latest epidemiological
studies on elderly constipation in Beijing, China.
Zhang M, Yang Xj, Zhu Hm, Tang Z, Li BY, Zhao DD.
Epidemiological study of elderly constipation in Beijing. World J
Gastroenterol 2015; 21(47): 13368-13373 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i47/13368.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i47.13368

INTRODUCTION

Research subjects

In 2010, Beijing patients aged ≥ 60 years from
rural (Huairou, Daxing) and urban (Xuanwu) centers
were stratified, segmented, and randomized, using
the cluster sampling method. The target survey
objective was 1959 cases, with an actual survey of
1942 cases and a response rate of 99.1%. Patient
characteristics were as follows: 822 urban (42.3%),
1120 rural (57.7%), 921 male (47.4%), and 1,021
female (52.6%). Although there were no significant
differences (P > 0.05) between urban/rural, elderly
age, and gender, there was a significant difference
with regards to cultural background (P < 0.01).

Research method

Questionnaires and surveys were carefully designed
via centralized and household questionnaires. Survey
questions covered demographic-related indicators,
constipation-related indicators, education level,
occupation, economic status, and medical history
(including any history of other digestive diseases).
The Rome Ⅲ criteria for constipation were taken as
standard reference with the following constipation
judgement indicators: defecation less than 3 times per
week, stool weight of less than 35 g/d, dry and hard
stool, and difficulty in defecating during more than
25% of evacuation attempts.

Statistical method

Constipation is a common clinical symptom of
gastrointestinal dysfunction. Since only a few people
[1]
suffering from constipation will seek medical advice ,
the exact epidemiological prevalence is difficult to
determine. A recent study of evidence-based medicine
reported a total global prevalence of 0.7%-79%,
[2]
with an average of 16% . The prevalence rate was
[3-9]
3%-11% in our country of China . Constipation can
be acute, with mild symptoms and acute onset, but
defecation difficulty and other symptoms can soon be
completely relieved. Constipation can also be chronic
and develop from acute constipation, with chronic
constipation mainly referring to symptoms persisting for
at least six months. As an individual’s age increases,
so too does their constipation prevalence. Older
individuals are therefore significantly more frequently
affected than younger individuals. Elderly constipation
is caused by a variety of factors, all of which interrelate
[10]
to cause a complex problem for geriatric medicine .
Constipation prevalence has recently been on rise
throughout the world. Therefore, in order to investi
gate the prevalence of elderly constipation and its
related factors in Beijing, China, we carried out an
epidemiological investigation into elderly constipation
in different regions of Beijing in 2010.
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MATERIALS AND METHODS

2

SPSS 11.5 software was used for calculations. The χ
test was performed to analyze the data. P < 0.05 was
considered statistically significant.

RESULTS
Age

Of a total of 1942 patients from both urban and rural
areas, 634 were diagnosed with constipation. The
total prevalence rate was 32.6%, which increased with
age: 21.1% for 60- to 65-year-olds; 21.3% for 65- to
70-year-olds; 30.4% for 70- to 75-year-olds; 37.2%
for 75- to 80-year-olds; and 44.8% for ≥ 80-year2
olds. The difference was statistically significant (χ =
81.779, P = 0.00) (Table 1).

Area

Of the 634 cases of patients with constipation, 297
cases were from urban areas and 337 were from rural
areas; prevalence rates were 36.1% and 30.1%,
respectively. In the urban regions, 152 cases of acute
constipation and 145 cases of chronic constipation
were found, with a prevalence rate of 18.5% and
17.6%, respectively. In rural areas, 180 cases of acute
constipation and 157 cases of chronic constipation
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Table 1 Urban and rural prevalence of different age groups
Age (yr)
60-65
65-70
70-75
75-80
80Total
b

Cases
261
301
444
519
417
1942

Constipation

Prevalence (%)
21.1b
21.3
30.4
37.2
44.8
32.6

55
64
135
193
187
634

Constipation frequency, n (%)
Acute

Chronic

36 (13.8)
46 (15.3)
71 (16.0)
90 (17.3)
89 (21.3)
332 (17.1)

19 (7.3)
18 (6.0)
64 (14.4)
103 (19.8)
98 (23.5)
302 (15.6)

P < 0.01.

Table 2 Different gender, age, region, and education level epidemiological characteristics of elderly patients with chronic
constipation
Item
Sex
Male
Female
Age (yr)
< 75
≥ 75
Area
Urban
Rural
Education
Literate
Illiterate

Cases

Constipation

Prevalence (%)

Constipation frequency, n (%)
Acute

Chronic

921
1021

284
350

30.8
34.3

145 (15.7)
187 (18.3)

139 (15.1)
163 (16.0)

1006
936

254
380

25.2a
40.6

153 (15.2)
179 (19.1)

101 (10.0)
201 (21.5)

822
1120

297
337

36.1a
30.1

152 (18.5)
180 (16.1)

145 (17.6)
157 (14.0)

1217
725

385
249

31.6a
34.3

212 (17.4)
120 (16.6)

173 (14.2)
129 (17.8)

a

P < 0.05.

were found, with a prevalence rate of 16.1% and
14.0%, respectively. Constipation prevalence was
higher in urban than for rural areas, but the difference
2
was not statistically significant (χ = 8.193, P = 0.017)
(Table 2).

Gender

Of the 1942 total patients, 921 were male with
284 cases of constipation (prevalence: 30.8%) and
1021 were female with 350 cases of constipation
(prevalence: 34.3%). Although there was a higher
female prevalence compared to males, the difference
2
was not statistically significant (χ = 2.612, P = 0.105)
(Table 2).

Literacy

Of the 1942 total patients, 1217 were literate and
725 were illiterate. The literate group had 385 cases
of constipation (prevalence: 31.6%), of which 212
were acute (prevalence: 17.4%) and 173 were chronic
(prevalence: 14.2%). The illiterate group had 249
cases of constipation (prevalence: 34.3%), of which
129 were acute (prevalence: 16.6%) and 129 were
chronic (prevalence: 17.8%). Although there was a
higher prevalence in the illiterate group compared to
the literate group, the difference was not statistically
2
significant (χ = 7.86, P = 0.02) (Table 2).
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Occupation

Of the 1942 total patients, 959 were engaged in
occupations that mostly required mental effort,
while 983 had occupations that mostly required
physical effort. The mental group had 342 cases of
constipation (prevalence: 35.7%), of which 177 were
acute (prevalence: 18.5%) and 165 were chronic
(prevalence: 17.2%). The physical group had 292
cases of constipation (prevalence: 29.7%), of which
155 were acute (prevalence: 15.8%) and 137 were
chronic (prevalence: 13.9%). The mental group
showed a statistically significantly higher constipation
2
prevalence than the physical group (χ = 7.86, P =
0.02) (Table 3).

Relationship between elderly constipation and
gastrointestinal tract diseases

Of the 1942 total patients, 1934 completed the
gastrointestinal disease history questionnaire. There
were 87 cases with a history of gastritis, of which
37 had constipation; a prevalence of 42.5%. Of the
1847 total cases that did not suffer from gastritis,
595 had constipation; a prevalence of 32.2%. There
was a higher incidence of constipation in patients
with gastritis, but no significant statistical difference
between the two groups was found. There were 59
cases with a past history of biliary tract disease, out
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Table 3 Prevalence of constipation affected by different occupations
Cases
Mental work
Manual work
Total

Constipation

959
983
1942

Prevalence (%)
35.7a
29.7
32.6

342
292
634

Constipation frequency, n (%)
Acute

Chronic

177 (18.5)
155 (15.8)
332 (17.1)

165 (17.2)
137 (13.9)
302 (15.6)

a

P < 0.05.

Table 4 Prevalence of constipation affected by gastritis
Chronic gastritis
No
Yes
Total

Cases
1847
87
1934

constipation

Prevalence (%)

595
37
632

32.2
42.5
32.7

Constipation frequency, n (%)
Acute

Chronic

312 (16.9)
18 (20.7)
330 (17.1)

283 (15.3)
19 (21.8)
302 (15.6)

Table 5 Prevalence of constipation affected by biliary tract disease
Biliary tract disease
No
Yes
Total

Cases
1875
59
1934

Constipation

Prevalence (%)
32.3a
44.1
32.6

605
26
631

Constipation frequency, n (%)
Acute

Chronic

320 (17.1)
10 (16.9)
330 (17.1)

285 (15.2)
16 (27.1)
301 (15.6)

a

P < 0.05.

of which 26 had constipation; a prevalence of 44.1%,
which was far higher than other groups and was a
2
statistically significant difference. (χ = 6.378, P =
0.041) (Table 4 and Table 5).

DISCUSSION
Elderly constipation has recently become a worldwide
problem. It is related to many factors, including
such as pelvic floor aging, decreased social activity,
psychological disorders, co-morbidity, and effects
from multiple drug usage. A recent evidence-based
study has shown an incidence rate of 33% in Western
[2]
countries . Patients with chronic constipation con
stitute an elderly population with a high disease
burden. The mean annual constipation-related health
care cost, adjusted for potentially confounding factors,
[11]
was €951 per patient in Sweden . Constipation not
only causes mental distress to elderly patients, but
also leads to a variety of sub-health symptoms and is
[12]
a major factor in inducing gastrointestinal tumors .
Previous epidemiological studies have shown a
difference in constipation prevalence rates between
the East and the West; Asian countries had a lower
[2]
prevalence rate than Europe and the United States ,
which may be due to differences in culture, diet,
genetics, environment, socio-economic conditions, and
health-care system. With the improvement of living
standards and social aging process, the prevalence of
constipation in our country also seems to be increasing
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rapidly. An epidemiological survey implemented
[3]
in 1997 by Yu et al with 1434 elderly patients in
Beijing showed the constipation prevalence rate of
individuals over 60 years to be 20.3%. However, our
research shows a prevalence rate of 32.6%. Over the
past decade, the prevalence of elderly constipation
in Beijing was found to be rising to levels almost
equivalent to those found in the West, which is deeply
concerning.
In the Beijing region’s elderly population (>
60-years-old), constipation prevalence was 32.6% and
the epidemiological characteristics are as follows: (1)
there are regional differences for elderly constipation,
with urban areas having a higher prevalence than
rural areas. There is no specific conclusion in either
domestic or international research to explain this
difference. Studies by Johanson found that the highest
prevalence was in rural areas, the lowest was in urban
areas, and the prevalence in cities was in-between.
[13]
A study by Li et al
has shown that the constipation
prevalence in rural areas was higher than that in
[8]
cities. However, a study by Kan et al showed that
there was no difference in the constipation prevalence
between urban and rural areas, and that the regional
differences in urban and rural areas had little impact
on prevalence. The difference in regional prevalence
for constipation requires further studies; (2) the
[3,14,15]
prevalence of constipation increases with age
,
which was consistent with domestic and international
reports. While aging is obviously a risk factor for
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constipation, the prevalence in females is higher than
males, but not to a significant degree; (3) education
level has a negative correlation with constipation.
Research by Johanson in the United States found that
a population with a lower education level had a higher
prevalence of constipation. However, there is no clear
conclusion concerning the nature of the relationship
between constipation prevalence with literacy level.
A large sample of clinical studies is required for
further confirmation; and (4) in elderly patients with
constipation, the prevalence of gastritis and biliary
tract diseases is higher than normal. Constipation
is often associated with a variety of other digestive
diseases. Previous studies have shown that patients
with constipation often have associated diseases, such
as functional dyspepsia and gastro-esophageal reflux
disease. Physicians should pay special attention to
such patients during clinical work.
Constipation has a serious effect on the quality of
life, social functions, and daily living activities of the
[16]
[17]
elderly . Choung et al
randomly selected 4850
cases in various regions of different countries and
carried a longitudinal cohort study on constipation for
20 years, of which there were 2853 respondents. His
study found that patients with persistent constipation
for 20 years were only 3% of cases, while non[18]
persistent constipation was 21%. Choung et al
surveyed the incidence of chronic constipation in a
definite population in Olmsted Village in the United
States from 1988 to 2003 via questionnaire letters
and telephone interviews. The criteria for chronic
constipation was defined as symptoms such as
difficulty in defecation, straining stool, hard stool, and
poor bowel, with at least two symptoms out of four
and symptoms occurring at least 25% of the time.
At the beginning of the survey there were a total of
4235 respondents (79%), while a reinvestigation of
this population in 2003-2004 had only 2298 (55%)
respondents. The cumulative total incidence of chronic
constipation was 17.4%.
Our research shows that there is a difference in
the prevalence rate of elderly constipation for different
age groups, regions, and education levels. The
incidence of acute constipation was higher than chronic
constipation. The incidence of constipation increased
with age, as primary constipation can persist. With
increasing age, the incidence of acute constipation,
increased co-morbidities, and increased secondary
diseases (such as Parkinson’s and diabetes) may
[19-21]
increase
. Chronic constipation rarely occurs during
a long period of time, with previous cross-sectional
studies apparently appearing to have exaggerated its
prevalence. In order to reduce elderly constipation
and its adverse effects, more attention from clinicians,
early intervention, treatment, and improvement of the
quality of life of the elderly is of utmost importance.
In conclusion, the prevalence of constipation was
higher in the elderly population in the Beijing area. The
prevalence of constipation closely resemble that found
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in Western countries, and is significantly affected by
region, age, and past history of other related illnesses.
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METHODS: A systematic review of randomized clinical
trials (RCT) was conducted, with the last update
on March 2015, using EMBASE, CINAHL (EBSCO),
MEDLINE, LILACS/CENTRAL (BVS), SCOPUS, CAPES
(Brazil), and gray literature. Information of the selected
studies was extracted in sight of six outcomes:
primarily regarding dysfunction, complication and reintervention rates; and secondarily costs, survival,
and patency time. The data about characteristics of
trial participants, inclusion and exclusion criteria and
types of stents were also extracted. The bias was
mainly assessed through the JADAD scale. This meta-
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Abstract
AIM: To analyze through meta-analyses the benefits of
two types of stents in the inoperable malignant biliary
obstruction.
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analysis was registered in the PROSPERO database
by the number CRD42014015078. The analysis of the
absolute risk of the outcomes was performed using the
software RevMan, by computing risk differences (RD)
of dichotomous variables and mean differences (MD)
of continuous variables. Data on RD and MD for each
primary outcome were calculated using the MantelHaenszel test and inconsistency was qualified and
2
2
reported in χ and the Higgins method (I ). Sensitivity
analysis was performed when heterogeneity was
higher than 50%, a subsequent assay was done and
other findings were compiled. Student’s t -test was
used for the comparison of weighted arithmetic means
regarding secondary outcomes.

cannot be offered to all patients.

RESULTS: Initial searching identified 3660 studies;
3539 were excluded through title, repetition, and/or
abstract, while 121 studies were fully assessed and
were excluded mainly because they did not compare
self-expanding metal stents (SEMS) and plastic stents
(PS), leading to thirteen RCT selected, with 13 articles
and 1133 subjects meta-analyzed. The mean age was
69.5 years old, that were affected mostly by bile duct
(proximal) and pancreatic tumors (distal). The preferred
SEMS diameter used was the 10 mm (30 Fr) and the
preferred PS diameter used was 10 Fr. In the metaanalysis, SEMS had lower overall stent dysfunction
compared to PS (21.6% vs 46.8%, P < 0.00001) and
fewer re-interventions (21.6% vs 56.6%, P < 0.00001),
with no difference in complications (13.7% vs 15.9%,
P = 0.16). In the secondary analysis, the mean survival
rate was higher in the SEMS group (182 d vs 150 d, P
< 0.0001), with a higher patency period (250 d vs 124 d,
P < 0.0001) and a lower cost per patient (4193.98 vs
4728.65 Euros, P < 0.0985).

Biliary tract neoplasms are uncommon yet important
pathologies. Their main symptom (jaundice) can cause
[1-4]
important disorders, such as immunosuppression ,
[5]
and prognosis is usually poor . Despite their rarity,
estimates from the SEER (Surveillance, Epidemiology
and End Results) database from North America reveal
[6]
increased incidence and a maintained poor prognosis .
It is estimated that almost 20% of the subclinical
[7]
jaundice is due to malignant bile duct obstruction ,
divided about 2/3 to 1/3 between pancreatic and other
[8]
biliary obstructive cancers, respectively .
Because of its invasiveness and late symptom
appearance and onset in elderly people, the majority
of the diagnosed cases are not deemed curable by
[9-11]
resection
. According to INCA (Brazilian’s National
Institute of Cancer) pancreatic tumors accounted
for 2% of the malignant tumors of Brazil, with an
estimate of around 17000 new cases in 2015. Having
in mind that only 15%-20% of these neoplasms are
resectable, the number of inoperable malignant biliary
obstruction (MBO) just in Brazil in 2015 has been
[12]
estimated at over 13000 .
The use of palliative methods is essential in these
cases and endoscopic biliary stenting is becoming more
prevalent, especially in high operative risk cases or
[13,14]
very ill patients, because it is minimally invasive
.
The subject of the quality and durability of the
palliative methods is becoming more important due to
skyrocketing survival in advanced stages biliary tract
[15]
neoplasms. For instance, Kim et al
demonstrated
a survival in metastatic biliary tract cancer of about
9 mo in a phase Ⅱ study of gemcitabine and S-1
combination chemotherapy, in contrast of the 3-4 mo
survival of earlier studies.
Two types of stents are routinely used in current
practice: plastic stents (PS) and self-expanding metal
stents (SEMS). Several randomized clinical trials
(RCT) demonstrated that metal stents are associated
with longer stent patency but survival is the same as
when plastic stents are used. Some studies favored
[16-25]
[26,27]
SEMS
and some favored PS
, although the
difference about survival has only been shown in one
[28]
study, favoring SEMS .
The latest meta-analysis regarding metal and
[29]
plastic stenting in malignant biliary obstruction ,

CONCLUSION: SEMS are associated with lower stent
dysfunction, lower re-intervention rates, better survival,
and higher patency time. Complications and costs
showed no difference.
Key words: Biliary tract neoplasms; Malignant biliary
obstruction; Jaundice; Palliative care; Endoscopic
retrograde cholangiopancreatography; Stent; Systematic
review; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic stenting is accepted worldwide as
the first choice palliative treatment for malignant biliary
obstruction. There are still two types of materials
currently being used, which are plastic and metal.
Therefore, many doubts are raised as to which one is
the most beneficial to the patient. This review gathers
the highest quality information available about these
two types of stent, giving information in regards to
dysfunction, complication, re-intervention rates, costs,
survival, and patency time; and intend to help handle
clinical practice nowadays, especially in countries
where the availability of metallic stents is scarce and
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1576 records identified
through PubMed searching

2084 records identified through EMBASE, CINAHL,
LILACS, SCOPUS, thesis and gray literature

Eligibility

Screening

3660 studies screened

3660 studies

3539 excluded

121 studies
fully assessed

108 excluded
1
with reasons

Included

13 RCT selected

13 RCT
selected

Figure 1 PRISMA’s studies selection fluxogram. 1The reasons for exclusions are displayed on Supplementary Table 1. RCT: randomized clinical trials.

which involved stents inserted through percutaneous
transhepatic drainage and endoscopic retrograde
cholangiopancreatography (ERCP), published in
January 2013 and involving ten RCT, demonstrated
the same information about stent patency and reintervention rates, although it also demonstrated a
diminished survival in the PS group. This meta-analysis
aims to use the 4 RCT not included in the last study.
Considering the acceptable use of either SEMS or
PS in endoscopic stenting for inoperable MBO, this
meta-analyses aims to gather applicable information,
primarily regarding dysfunction, complication and reintervention rates; and secondarily costs, survival, and
patency time.

MATERIALS AND METHODS
Literature search

This meta-analysis was registered in the PROSPERO
international prospective register of systematic
[30]
review , by the number CRD42014015078.
All assessed randomized clinical trials regarding
comparisons between SEMS and PS that were
endoscopically placed for MBO were collected from
these databases: EMBASE, CINAHL (EBSCO),
MEDLINE, LILACS and CENTRAL (BVS), SCOPUS,
Master’s and Doctorate’s theses and dissertations on
[31]
the CAPES database (Brazil) , and gray literature.
Any outcome was considered, from any date of
publication until March 2015, with any number of
subjects. Publications were accepted in any format,
language, or publication status.
Besides searching through the tools mentioned

WJG|www.wjgnet.com

above, we conducted a direct approach by emailing
authors, when necessary. The last date the databases
were assessed for new releases was March 15, 2015.
The search strategies used for MEDLINE, SCOPUS
and EMBASE databases are stated in supplementary
material; the Brazilian Master’s and Doctorate’s thesis
and dissertations strategy was the word “stent”;
CINAHAL, LILACS and CENTRAL strategies were “plastic
stent OR metallic stent (filter - randomized controlled
trials)”.

Study selection

Initially, studies were excluded because clear
information in the title or abstract stated that it did
not compare stent techniques or did not study MBO.
Furthermore, the abstracts and full articles were
assessed and excluded if proven not to be RCT or the
comparison was not between SEMS and PS.
Initial searching identified 3660 studies; 3539 were
excluded through title, repetition, and/or abstract
(Figure 1). One hundred and twenty-one studies were
fully assessed and were excluded mainly because they
did not compare PS and SEMS. One of the studies
[29]
included in the last meta-analysis of Hong et al
was not used because it involved only percutaneous
transhepatic drainage. Two authors were contacted
through email regarding two studies that, later on,
proved unfit for this systematic review; the reasons are
shown in Supplementary Table 1, in the supplementary
material. In addition, there were some studies that
were previews of later ones, and thus were also
excluded after confirmation. Detailed information about
the findings by database and reasons for exclusion can
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Table 1 Neoplasms distribution in individual studies
Ref.
Walter et al 2014
Moses et al 2013
Mukai et al 2013
Sangchan et al 2012
Bernon et al 2011
Isayama et al 2011
Soderlund et al 2006
Katsinelos et al 2006
Kaassis et al 2003
Prat et al 1998
Wagner et al 1993
Knyrim et al 1993
Davids et al 1992

No. of patients

Bile duct cancer
(%)

Pancreatic tumor
(%)

Papilae tumor
(%)

Gallbladder cancer
(%)

2401
85
60
108
22
120
100
47
118
1051
20
62
105

0
0
50
100
NA
0
9
17
15
21
100
3
0

83
69
0
0
NA
100
78
53
75
64
0
69
100

0
3
0
0
NA
0
2
11
0
3
0
5
0

0
3
22
0
NA
0
0
0
0
0
0
0
0

Metastatic tumor Other (%)
(%)
0
10
28
0
NA
0
7
19
0
12
0
0
0

17
15
0
0
NA
0
4
0
10
0
0
23
0

1

Not all patients were included in the meta-analysis.

be found in the supplementary material.

Data extraction

in the present study, it has a publication bias since
the search databases used required that studies have
abstracts in English or Portuguese. Therefore, studies
in other languages that did not have at least an
abstract in English were not assessed. The differences
between the study population, type of cancer, and type
and diameter of stent were considered as possible
biases.

The data were extracted from all the databases
mentioned by two independent authors, confirming
the same eligible final studies. The eligible studies
were confronted after both authors stopped article
exclusion.
The dysfunction outcome was accessed through the
number of patients who had occlusion, migration, or
kinking of the first stent used; therefore any disorder,
confirmed or presumed because of cholestasis, that
needed a re-intervention.
Re-intervention was any procedure needed for
a new drainage of the biliary tree, endoscopic or
percutaneous, to replace a dysfunctional stent.
The complication outcome was any disorder
attributed to the stent insertion that required a
medical intervention at the time of diagnosis, but not
obligatorily related to stent dysfunction (pancreatitis,
cholangitis, bleeding, perforation, cholecystitis, liver
abscess).
The outcome of costs was calculated using the
data presented in the studies and converted to Euro
(€), regardless of whether they concerned the full
treatment, or using stent value and the number of
stents exchanged only. Stent patency time was the
mean time to stent dysfunction, calculated in days.
Overall survival was calculated through the reported
mean time of survival in days. If the study used
months, each month was considered as having 30 d.

Regarding meta-analysis, the difference was calculated
as the risk difference for dichotomic variables with a
Cochran-Mantel-Haenszel test with a 95%CI, and as
the mean difference with fixed effect using inverse
variance, with a 95%CI, for continuous variables. The
semi-quantitative measures were described as the
weighted arithmetic mean using the patient number
of each study, with standard deviation, and Student’s
t-test analysis. All data were addressed as intention to
treat analysis (ITT).
RevMan 5 software (Review Manager version 5.3.5
- Cochrane Collaboration, Copyright © 2014) was used
for meta-analysis of stent dysfunction, complication,
and re-intervention rates. Student’s t-test was used
for the comparison of weighted arithmetic means
regarding costs, survival, and stent patency, as we
could not extract the standard deviation of this data
from most of the studies selected. The heterogeneity
2
2
2
was evaluated through a χ test (I , or χ ), and
modified up to 50% with sensitive analysis, when
possible and necessary.

Risk of bias

Additional analysis

The biases were individually assessed through the
[32]
JADAD scale
(Figure 2), a tool to assess a RCT
quality through evaluation of blinding, randomization,
and losses reported. In addition, biases were evaluated
regarding intention to treat, prognosis characteristics,
regional differences, amount of losses, and follow up;
these were not used as exclusion criteria.
Although no restrictions were made for language
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Statistical analysis

The studies were further divided between proximal
(MPBO) and distal (MDBO) obstruction, and JADAD ≥
3 and JADAD < 3 for meta-analysis.

RESULTS
Studies characteristics

A total of 13 RCT were selected, with 1133 patients
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Was the study described
as randomized?

YES = add
1 point

Was there a description of
withdrawals and dropouts?

NO = 0
points

YES = add
1 point

Was the study
double-blinded?

NO = 0
points

YES = add
1 point

If method of randomization
described, was it appropriate?

YES = add 1
point

If method of blinding described,
was it appropriate?

NO = deduct
1 point

Adapted from Jadad et al

NO = 0
points

YES = add
1 point

NO = deduct
1 point

[32]

. 1996

Figure 2 JADAD scale.

(mean age of 69.5 years old) affected mostly by
bile duct (MPBO) and pancreatic tumors (MDBO).
Apart from the most common causes of biliary
obstruction, 5 papers had description of metastatic
tumors causing this obstruction, probably caused by
[27]
extrinsic compression. Moses et al
had around 10%
of metastatic cancer from a primary location of colon
[17]
and lung; Mukai et al
had about 30% of metastatic
cancer as cause for obstruction while Soderlund et
[20]
al
found 7%, although no information about the
primary site was described for neither; Katsinelos et
[21]
al
describes compressive lymph nodes as cause for
[26]
19% of the obstructions, while Prat et al
had 12%.
The preferred SEMS diameter used was the 10 mm
(30 Fr) and the preferred PS diameter used was 10
Fr. Detailed data regarding the etiology of the MBO
can be found in table 1. Supplementary Tables 2 and
3 have information about outcomes and specific stent
used and can be found in the supplementary material.
All the extractable data used in the calculations are
exposed in Supplementary Table 4.

Risk of bias within studies

[32]

The maximum score in the JADAD scale
was 3
because it is not possible to have a double-blind
study in this field. In total, there were 6 studies with
JADAD 1, 2 studies with JADAD 2, and 5 studies with
JADAD 3. Overall, survival did not include information
about neoplasm-specific mortality. The studies did
not always give strict specifications about the stent’
s type, nor about inoperable criteria. The use of one
[19]
abstract
also negatively impacted the information
that could be assessed; however, the information
[26]
given was sufficient for some outcomes. Prat et al
only had the number of ERCP performed because of
dysfunction (accordingly, this was the number used for
the dysfunction outcome) and excluded people who
lived farther than 150 km from the hospital, leading to
a possible bias; also, there was no information about

WJG|www.wjgnet.com

the currency used for cost calculation, but because
the study was conducted in France, it was considered
as the Euro. In addition, the study had three groups,
one of which was not used in our meta-analysis
because the outcomes analyzed would be biased (the
group had scheduled stent exchange regardless of
[16]
the patients’ symptoms). Walter et al
performed
the randomization before the ERCP but excluded
some individuals after it. Despite the intent of using
ITT analysis for this study, the information on which
randomized group the excluded patients were from
was not available. Moreover, the information about
the mean survival time specified per stent was not
[16,17,20,23,25]
obtainable. Five studies
used the combined
approach (rendezvous) or PTC when the endoscopic
approach alone was insufficient. All studies selected
were RCT with no selection bias.

Results of individual studies

All studies had extractable information about stent
dysfunction, ten about re-intervention (although Walter
[16]
et al
was not used because the lack of standard
deviation data), and eleven about complication; these
were used in the meta-analysis. Eleven studies had
comparative information on overall survival, eight on
[22]
costs and ten on stent patency time (Kaassis et al
had information only about the PS group), although
the information did not include the standard deviation
(SD), which compromised our intent for quantitative
analysis. Therefore, these three latest outcomes were
evaluated semi-quantitatively. Overall, the results
regarding stent dysfunction, time of stent patency, and
re-intervention were homogenously beneficial towards
SEMS in all studies. Regarding costs, complications,
and survival, the results were discrepant.

Synthesis of results

The results were divided between quantitative and
semi-quantitative results because of the absence
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A

Study or subgroup
1.1.1 SEMS vs PS - MBDO
Davides 1992
Knyrim 1993
Prat 1998
Kaassis 2003
Soderlund 2006
Katsinelos 2006
Bernon 2011
Isayama 2011
Moses 2013
Walter 2014

SEMS
Events
Total
16
6
6
11
7
12
2
18
10
22

Events

PS
Total

Weight

Risk difference
M-H, fixed, 95%CI

30
13
24
22
16
28
6
32
14
31

56
31
33
59
24
51
12
60
43
73

9.4%
5.6%
6.0%
10.7%
4.2%
9.0%
2.0%
10.8%
7.7%
17.6%

-0.21 [-0.39, -0.02]
-0.23 [-0.45, -0.00]
-0.55 [-0.75, -0.35]
-0.19 [-0.34, -0.03]
-0.36 [-0.63, -0.10]
-0.30 [-0.49, -0.12]
-0.30 [-0.68, -0.08]
-0.23 [-0.40, -0.06]
-0.09 [-0.28, 0.10]
-0.27 [-0.40, -0.15]

442

83.0%

-0.26 [-0.32, -0.20]

10
54
30

1.8%
9.7%
5.4%

-0.30 [-0.70, 0.10]
-0.07 [-0.20, 0.05]
-0.30 [-0.54, -0.06]

94

17.0%

-0.17 [-0.28, -0.06]

49
31
34
59
23
49
10
60
42
146

Subtotal (95%CI)
503
Total events
110
216
2
2
Heterogeneity: χ = 13.57, df = 9 (P = 0.14); I = 34%
Test for overall effect: Z = 8.58 (P < 0.00001)
1.1.2 SEMS vs PS - MBDO
Wagner 1993
Sangchan 2012
Mukai 2013

2
5
12

10
54
30

5
9
21

Subtotal (95%CI)
94
Total events
19
35
2
2
Heterogeneity: χ = 3.77, df = 2 (P = 0.15); I = 47%
Test for overall effect: Z = 2.94 (P = 0.003)

Total (95%CI)
597
536
100.0%
Total events
129
251
2
2
Heterogeneity: χ = 21.27, df = 12 (P = 0.05); I = 43%
Test for overall effect: Z = 9.06 (P < 0.00001)
2
2
Test for subgroup differences: χ = 1.82, df = 1 (P = 0.18); I = 44.9%

B

-0.24 [-0.30, -0.19]

-1

-0.5
0
0.5
Favours [SEMS] Favours [PS]

1

Subgroups

0.0

SEMS vs PS - MBDO

0.1

SE (RD)

Risk difference
M-H, fixed, 95%CI

SEMS vs PS - MBPO

0.2

0.3

0.4

0.5
-1

-0.5

0

0.5

1

RD

Figure 3 stent dysfunction. A: Forest plot; B: Funnel plot.

of vital information for quantitative analysis of all
outcomes.
Primary outcomes: The dysfunction rate was
24% lower in the SEMS group, with a NNT of 5. The
sensitive analysis lowered the heterogeneity to 0%
[26]
(withdrawing data from Prat et al ) with no change
to the result. The meta-analysis graph was divided
between MBDO (1.1.1) and MBPO (1.1.2) (Figure 3).
Re-intervention was separated into dichotomous
and continuous data, corresponding to the data

WJG|www.wjgnet.com

[21]

reported by the author, except for Katsinelos et al ,
whose data were transformed into continuous for
statistical analysis purposes. In both meta-analyses,
SEMS had at least 30% fewer re-interventions and
a NNT of 3. The meta-analysis graph was divided
between MBDO (1.3.1/1.5.1) and MBPO (1.3.2/1.5.2)
(Figure 4 and Figure 5).
MBO complication rates were not different between
PS or SEMS. Even after sensitivity analysis (with the
lowest heterogeneity of 0%, withdrawing 5 studies),
the result remained the same. The meta-analysis

13379

December 21, 2015|Volume 21|Issue 47|

Zorrón Pu L et al . Malignant biliary obstruction: SEMS vs PS

A

Events

Total

Weight

Risk difference
M-H, fixed, 95%CI

46
25
20
33

56
59
51
60

20.8%
23.5%
19.9%
23.9%

-0.52 [-0.68, -0.35]
-0.32 [-0.47, -0.17]
-0.23 [-0.40, -0.06]
-0.35 [-0.51, -0.19]

226

88.1%

-0.35 [-0.43, -0.27]

30

11.9%

-0.30 [-0.54, -0.06]

11.9%

-0.30 [-0.54, -0.06]

Total (95%CI)
247
256
100.0%
Total events
53
145
2
2
Heterogeneity: χ = 6.20, df = 4 (P = 0.18); I = 35%
Test for overall effect: Z = 8.95 (P < 0.00001)
2
2
Test for subgroup differences: χ = 0.18, df = 1 (P = 0.67); I = 0%

-0.35 [-0.42, -0.27]

Study or subgroup
1.3.1 SEMS vs PS - MBDO
Davides 1992
Kaassis 2003
Soderlund 2006
Isayama 2011

SEMS
Events
Total
15
6
8
12

PS

49
59
49
60

Subtotal (95%CI)
217
Total events
41
124
2
2
Heterogeneity: χ = 6.02, df = 3 (P = 0.11); I = 50%
Test for overall effect: Z = 8.66 (P < 0.00001)
1.3.4 SEMS vs PS - MBPO
Mukai 2013

12

30

21

Subtotal (95%CI)
30
Total events
12
Heterogeneity: Not applicable
Test for overall effect: Z = 2.45 (P = 0.01)

B

30

Risk difference
M-H, fixed, 95%CI

21

-1

-0.5
0
0.5
Favours [SEMS] Favours [PS]

1

Subgroups

0.00

SEMS vs PS - MBDO
SEMS vs PS - MBPO

SE (RD)

0.05

0.10

0.15

0.20
-1

-0.5

0

0.5

1

RD

Figure 4 re-intervention (dichotomic). A: Forest plot; B: Funnel plot.

graph was divided between MBDO (1.7.1) and MBPO
(1.7.2) (Figure 6).
Secondary outcomes: In the costs analysis, the
SEMS group had a less expensive result, although
without statistical significance, with a mean of
€4193.98 for SEMS vs €4728.65 for PS (P = 0.0985)
(Table 2).
The time for stent dysfunction was measured in
days and was statistically higher in the SEMS group
(250 vs 124 d, P < 0.0001) (Table 3).
Regarding survival, also measured in days, SEMS
had a better result. The outcome was divided in MDBO
and MPBO because of the different causes of malignant
obstruction between the two, therefore we tried to
minimize the bias of the worse survival in hilar tumors.
Nevertheless, apart from a global minor survival in

WJG|www.wjgnet.com

the MPBO for the both stents comparing to MDBO,
SEMS had a longer survival, with statistical significance
in MPBO and MDBO alike (Figure 7). Detailed data
regarding survival of each study can be found in
Supplementary Figures 1 and 2.

Risk of bias across studies

The definition of dysfunction varied from study to
study, but always indicated an improper drainage
requiring re-intervention. The costs were measured
by the studies in Deutsche Marks, Japanese Yen, and
Euros. The values were all converted to Euro to lessen
the conversion error, as the majority of the results
were in this currency. The fare of the month and year
of the last included patient was used for Mukai et
[17]
al , and the fare of February 1999 for earlier studies,
[33]
using the database of Brazil’s Central Bank . The
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A

Study or subgroup
1.5.1 SEMS vs PS - MBDO
Knyrim 1993
Prat 1998
Katsinelos 2006

SEMS
SD

Risk difference

Total

Mean

PS
SD

Risk difference

Mean

Total

Weight

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

0.8
1.2
0.7

0.4
0.4
1.18

31
34
23

1.5
1.7
1.46

0.4
1.3
1.5

31
33
24

79.0%
14.6%
5.3%

-0.70 [-0.90, -0.50]
-0.50 [-0.96, -0.04]
-0.76 [-1.53, 0.01]

88

98.8%

-0.67 [-0.85, -0.50]

10

1.2%

-2.00 [-3.64, -0.36]

10

1.2%

-2.00 [-3.64, -0.36]

Subtotal (95%CI)
88
2
2
Heterogeneity: χ = 0.65, df =2 (P = 0.72); I = 0%
Test for overall effect: Z = 7.42 (P < 0.00001)
1.5.2 SEMS vs PS - MBPO
Wagner 1993

0.4

0.5

10

2.4

2.6

Subtotal (95%CI)
10
Heterogeneity: Not applicable
Test for overall effect: Z = 2.39 (P = 0.02)

Subtotal (95%CI)
98
98
100.0%
2
2
Heterogeneity: χ = 3.14, df =3 (P = 0.37); I = 4%
Test for overall effect: Z = 7.63 (P < 0.00001)
2
2
Test for subgroup differences: χ = 2.48, df = 1 (P = 0.12); I = 59.7%

B

-4

-2
0
2
Favours [SEMS] Favours [PS]

4

Subgroups

0.0

SEMS vs PS - MBDO

0.2

SE (MD)

-0.69 [-0.87, -0.51]

SEMS vs PS - MBPO

0.4

0.6

0.8

1.0

-4

-2

0

2

4

MD

Figure 5 re-intervention (continuous). A: Forest plot; B: Funnel plot.

costs have another bias, as most studies considered
the whole treatment (i.e., ICU, ERCP initial and reintervention, stents, hostelry, drugs, and laboratory),
[21]
while Katsinelos et al
accounted only for the
[21]
prosthesis itself Katsinelos et al .
The invasiveness, other than “inoperable tumor”
and the patient performance status, was not globally
reported and the exclusion criteria differed between
[26]
the studies, with populations from 28% Prat et al to
[27]
71% Moses et al with liver metastasis. This probably
was a bias between studies for the overall survival
and time to stent dysfunction comparisons, because
of prognostic differences. Also, the younger mean age
[23]
of the patients in Davids et al could have influenced
the prognosis.
There was also bias regarding the different types
of stents used in the studies (uSEMS, pcSEMS and
cSEMS; Amsterdam and Tannenbaum PS), and the
number of stents used in the same procedure.

WJG|www.wjgnet.com

Additional analysis

The studies were divided between MBPO and MBDO
and therefore analyzed in the same way. We also
analyzed the subgroups with JADAD ≥ 3 and JADAD
< 3. The subgroup analysis did not change the
previously-stated results, hence the graphs are located
in the supplementary material. The meta-analysis
graph was divided between JADAD ≥ 3 (1.2.1/1.4.1/1
.6.1/1.8.1) and JADAD < 3 (1.2.2/1.4.2/1.6.2/1.8.2),
found in Supplementary Figures 3-10.

DISCUSSION
The use of SEMS has fewer dysfunction, longer
patency, and longer survival. It requires fewer reinterventions, with no differences in complication rate
or costs, when compared to PS.
Regarding the patients’ quality of life and adequate
palliative care with the lowest hospital stay possible
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A

Events

Total

Weight

Risk difference
M-H, fixed, 95%CI

6
10
1
4
2
4
11
15

56
31
59
24
51
60
43
73

10.3%
6.1%
11.6%
4.6%
9.8%
11.8%
8.3%
19.1%

0.02 [-0.11, 0.14]
-0.19 [-0.40, 0.01]
0.05 [-0.02, 0.12]
-0.17 [-0.33, -0.01]
0.00 [-0.08, 0.08]
0.12 [0.00, 0.23]
-0.14 [-0.30, 0.03]
-0.01 [-0.13, 0.10]

397

81.6%

-0.01 [0.06, 0.03]

10
54
30

2.0%
10.6%
5.9%

-0.10 [-0.41, 0.21]
-0.15 [-0.32, 0.03]
0.00 [-0.09, 0.09]

94

18.4%

-0.10 [-0.21, 0.01]

Total (95%CI)
553
491
100.0%
Total events
76
78
2
2
Heterogeneity: χ = 21.41, df = 10 (P = 0.02); I = 53%
Test for overall effect: Z = 1.40 (P = 0.16)
2
2
Test for subgroup differences: χ = 1.78, df = 1 (P = 0.18); I = 43.9%

-0.03 [-0.07, 0.01]

Study or subgroup
1.7.1 SEMS vs PS - MBDO
Davides 1992
Knyrim 1993
Kaassis 2003
Katsinelos 2006
Soderlund 2006
Isayama 2011
Moses 2013
Walter 2014

SEMS
Events
Total
6
4
4
0
2
11
5
28

PS

49
31
59
23
49
60
42
146

Subtotal (95%CI)
459
Total events
60
53
2
2
Heterogeneity: χ = 17.05, df = 7 (P = 0.02); I = 59%
Test for overall effect: Z = 0.65 (P = 0.51)
1.7.2 SEMS vs PS - MBDO
Wagner 1993
Sangchan 2012
Mukai 2013

1
14
1

10
54
30

2
22
1

Subtotal (95%CI)
94
Total events
16
25
2
2
Heterogeneity: χ = 4.61, df = 2 (P = 0.10); I = 57%
Test for overall effect: Z = 1.71 (P = 0.09)

B

Risk difference
M-H, fixed, 95%CI

-0.5

-0.25
0
0.25
Favours [SEMS] Favours [PS]

0.5

Subgroups

0.00

SEMS vs PS - MBDO
SEMS vs PS - MBPO

SE (RD)

0.05

0.10

0.15

0.20
-0.5

-0.25

0

0.25

0.5

RD

Figure 6 complication. A: Forest plot; B: Funnel plot.

and minimal symptomatology, SEMS are always the
first option, as there is no definitive way to determine
one’s life expectancy, despite the known mean survival
[34-36]
rates according to the stage of the disease
.
From the perspective of the healthcare system and
the rational use of materials, SEMS does not seem
to have more to offer than PS for very ill patients
(with a life expectancy of less than 4 mo), however
with the innovations in chemo and radiotherapy, the
[15]
life expectancy shall only increase . Therefore, the
SEMS could be saved for cases that are more suitable,
without compromising adequate palliative care, by
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considering their mean survival (99-162 d vs 159-187
d, P < 0.0001) and mean patency (124 d vs 250 d,
P < 0.0001), compared to PS. This is true especially
in countries like Brazil, where SEMS are not widely
available for every inoperable MBO, so we could make
the most of our limited resources.
The results of sub-analysis did not differ from the
main results, so the conclusions can be extrapolated to
MPBO and MDBO alike.
New RCT that study the comparison between
PS and SEMS, especially regarding quality of life
and costs, with explicit tumor staging involved and
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A

B

Overall Survival MPBO - days

Overall Survival MDBO - days
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Figure 7 Mean survival by stent in patients (P < 0.0001). a: with proximal tumors; B: with distal tumors.

Table 2 Costs evaluation - per patient in Euros
Costs (€)
PS
Ref.

No pts

Walter et al, 2014
Mukai et al, 2013
Soderlund et al, 2006
Katsinelos et al, 2006
Kaassis et al, 2003
Prat et al, 1998
Wagner et al, 1993
Knyrim et al, 1993
MEAN (per patient)
SD

SEMS

PS cost (mean)

73
30
51
24
59
33
10
31

Total

6906
17170.19
953.1372549
737.5
1216.805085
5547
3511.31
3067.75
4728.648071
5434.740692

504138
515105.7
48610
17700
71791.5
183051
35113.1
95100.25

No pts
146
30
49
23
59
34
10
31

SEMS cost (mean)
6437
8935.68
940
1308.695652
1208.116949
4643
2552.57
2045.17
4193.977147
2905.677081

Total
939802
268070.4
46060
30100
71278.9
157862
25525.7
63400.27

P = 0.0985
SEMS: Self-expanding metal stents; PS: Plastic stents.

The lack of information, such as the SD in the
costs, overall survival, and patency time outcomes,
made some data unsuitable for meta-analysis,
despite being adequate for semi-quantitative analysis.
The heterogeneity in the costs analysis of each
study compromises its adequate comparison. Nonstandard and subjective criteria for inoperable patients
could have undermined the complication and costs
significance, as these may have been different if
only metastatic or non-metastatic patients could be
clustered.
In conclusion, metal stents are associated with
a lower rate of stent dysfunction and lower reintervention rate, with no difference in complications.
SEMS also have better survival rates and a higher
patency period with no difference in costs from PS.

Table 3 Time for stent dysfunction - mean time per author
in days
Time for dysfunction in days
Ref.

PS

Walter et al, 2014
Moses et al, 2013
Mukai et al, 2013
Sangchan et al, 2012
Isayama et al, 2011
Soderlund et al, 2006
Katsinelos et al, 2006
Prat et al, 1998
Davids et al, 1992
MEAN
SD

172
153.3
112
35
202
54
123.5
96
126
123.7261792
53.38757918
P < 0.0001

SEMS
293.3
385.3
359
103
285
108
255
144
273
250.2537988
104.0647031

SEMS: Self-expanding metal stents; PS: Plastic stents.

presenting the means for a meta-analysis (data
with standard deviation and tables), are required for
advancing the knowledge of palliative care for MBO.
These studies could be considered in very ill and
poor prognosis patients, with no risk for their optimal
palliative treatment.
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COMMENTS
Background

It is estimated that almost 20% of the subclinical jaundice is due to malignant
bile duct obstruction, divided about 2/3 to 1/3 between pancreatic and other
biliary obstructive cancers, respectively. According to INCA (Brazilian’s National
Institute of Cancer), the number of inoperable malignant biliary obstruction
(MBO) just in Brazil in 2015 should be over 13000. The use of palliative
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methods is essential in these cases and endoscopic biliary stenting is becoming
more prevalent, especially in high operative risk cases or very ill patients,
because it is minimally invasive. Endoscopic stenting is accepted worldwide as
the first choice palliative treatment for malignant biliary obstruction. There are
still in use two main types of material (plastic and metal), leaving doubts about
what should be the best indication for one or the other. This review gathers
the most recent quality information about these two types of stent, bringing
information regarding dysfunction, complication, re-intervention rates, costs,
survival, and patency time; and intend to help handling nowadays clinical
practice especially in countries where the availability of metallic stents is scarce
and cannot be offered to all patients.

5

6
7

Research frontiers

To choose the better stent for treatment of a patient while saving resources
to the other patients with similar conditions is the main question of this metaanalysis.

8
9

Innovations and breakthroughs

There are still in use two main types of stent for MBO, and despite the loose belief
that plastic stents (PS) are better for short survival patients and self-expanding
metal stents (SEMS) are better for long survival patients, there is no consensus or
guidelines to determine in what cases the endoscopist can use each.

Applications

This review aims to help with detailed and specific information about each stent
to aid physicians and the Health’s Departments around the globe, showing that
sometimes the cheapest item can be not so advantageous when you look at
the whole treatment. The discrepancy of measures in the selected studies is a
limitation. Prospective randomized controlled studies with attention to a specific
population (short expected survival) are needed to clarify if the SEMS is actually
no better in this group.

Terminology

Malignant biliary obstruction is defined as a cancer being responsible, directly
or indirectly, for the mechanical blockage of the bile output, produced by the
hepatocytes. Clinically, it usually is suspected because of jaundice. When this
cancer cannot be resected, due to the patient’s clinical condition or due to the
cancer invasion, it is nominated inoperable. Palliatively, the first choice to treat
the symptoms is to place an endoscopic stent, that nowadays can be either
made of plastic or metal.

10
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12
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Peer-review

In this meta-analysis, the authors have presented the costs and clinical
outcomes of endoscopic stenting with SEMS and PS in patients with inoperable
MBO, bringing the information to better understand the advantages and
disadvantages of each.
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Abstract
AIM: To systematically evaluate the effect of
intraperitoneal local anesthetic on pain characteristics
after laparoscopic cholecystectomy (LC).
METHODS: We searched MEDLINE, EMBASE, and
the Cochrane Library. Randomized controlled trials in
English that compared the effect of intraperitoneal
administration of local anesthetics on pain with that
of placebo or nothing after elective LC under general
anesthesia were included. The primary outcome
variables analyzed were the combined scores of
abdominal, visceral, parietal, and shoulder pain after LC
at multiple time points. We also extracted pain scores
at resting and dynamic states.
RESULTS: We included 39 studies of 3045 patients
in total. The administration of intraperitoneal local
anesthetic reduced pain intensity in a resting state
after laparoscopic cholecystectomy: abdominal
[standardized mean difference (SMD) = -0.741;
95%CI: -1.001 to -0.48, P < 0.001]; visceral (SMD
= -0.249; 95%CI: -0.493 to -0.006, P = 0.774); and
shoulder (SMD = -0.273; 95%CI: -0.464 to -0.082, P
= 0.097). Application of intraperitoneal local anesthetic
significantly reduced the incidence of shoulder pain (RR
= 0.437; 95%CI: 0.299 to 0.639, P < 0.001). There
was no favorable effect on resting parietal or dynamic
abdominal pain.
CONCLUSION: Intraperitoneal local anesthetic as an
analgesic adjuvant in patients undergoing laparoscopic
cholecystectomy exhibited beneficial effects on
postoperative abdominal, visceral, and shoulder pain in
a resting state.
Key words: Local anesthetic; Laparoscopic cholecystectomy;

13386

December 21, 2015|Volume 21|Issue 47|

Choi GJ et al . Intraperitoneal local anesthetic and laparoscopic cholecystectomy

Intraperitoneal; Meta-analysis; Pain
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pain after laparoscopic cholecystectomy is
located at abdomen or shoulder, and abdominal pain
includes visceral and parietal pain. This characteristic
pain is mainly because of pneumoperitoneum, which
leads to visceral and shoulder pain. Intraperitoneal
local anesthetics thus can be a beneficial strategy
given the origin of various type of pain after laparoscopic
cholecystectomy, which is evaluated systematically
focused on the analgesic efficacy on pain characteristics.
Intraperitoneal local anesthetics in patients undergoing
laparoscopic cholecystectomy has the evidence to
reduce postoperative abdominal, visceral, and shoulder
pain. Further less heterogeneous evidence is necessary
to draw definite conclusion.
Choi GJ, Kang H, Baek CW, Jung YH, Kim DR. Effect of
intraperitoneal local anesthetic on pain characteristics after
laparoscopic cholecystectomy. World J Gastroenterol 2015;
21(47): 13386-13395 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i47/13386.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i47.13386

the effect of IPLA on pain characteristics after LC.
This review investigated the effect of IPLA on
pain after LC through a systematic evaluation of the
available literature. Pain characteristics, including
visceral, parietal, and shoulder pain, were the primary
focus of this meta-analysis. Pain at resting and
dynamic states was also assessed, and the limitations
of the data were reviewed.

MATERIALS AND METHODS
Literature search

A meta-analysis of studies investigating the effect of
IPLA in LC was conducted according to the protocol
[9]
recommended by the Cochrane Collaboration . Two
authors (Choi GJ and Kang H) independently performed
database searches using EMBASE, MEDLINE, and
the Cochrane Central Register of Controlled Trials
(CENTRAL) in April 2014 and updated in March 2015.
The reference lists of the identified literature were
also searched manually. Search terms were used
based on the following combination of keywords:
local anesthetics, lidocaine, lignocaine, ropivacaine,
bupivacaine, levobupivacaine, procaine, intraperitoneal,
intra-abdominal, laparoscopic cholecystectomy, and
randomized trials.

Study selection

INTRODUCTION
Laparoscopic cholecystectomy (LC) is a widely
performed surgical procedure that achieves superior
outcomes in postoperative pain, recovery time,
[1]
cosmetic issues, and morbidity . LC is associated with
less postoperative pain than open cholecystectomy,
but patients still experience significant pain. Pain
after LC is characterized by body component, which
[2]
is different from laparotomy . This difference is
roughly divided into abdominal and shoulder pain,
[3]
according to location . Abdominal pain consists of
two components: visceral pain associated with tissue
injury due to gallbladder dissection and the stretching
of nerve endings in the peritoneal cavity; and parietal
pain related to the incisional trauma at the port
sites. Shoulder pain is referred by diaphragmatic
[4]
stretching .
A number of studies reported various treatment
modalities to relieve pain after LC. A therapeutic
approach using intraperitoneal local anesthetic (IPLA)
is remarkable because the beneficial effect of this
strategy is closely linked to pain characteristics after
LC, which primarily arises from pneumoperitoneum.
The results of the available data on the efficacy of IPLA
in LC are inconsistent. Therefore, a systematic review
would be informative to create evidence for IPLA use
in LC. Several systematic reviews from a variety of
perspectives based on postoperative pain or safety
[5-8]
issues were published . However, there is no data on
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Randomized controlled trials (RCTs) in English
that compared the effects of the intraperitoneal
administration of local anesthetic (IPLA group) with
placebo or no treatment (control group) on pain after
elective LC under general anesthesia were included.
Studies that combined IPLA with other interventions
were included if there were comparable intervention
and control groups in which the only difference was
the use of IPLA. Studies with more than one IPLA or
control group were included if there were comparable
groups that met the inclusion criteria. Two authors
(Choi GJ and Kim DR) independently selected eligible
studies and reached a consensus on study inclusion
or exclusion. Disagreements over study inclusion or
exclusion were settled by discussions with the two
senior authors (Baek CW and Jung YH).

Data extraction

When studies did not provide detailed pain characteristics,
i.e., visceral or parietal pain and resting or dynamic pain
were not clarified, we considered abdominal pain and
pain at the resting state. Pain from coughing, moving,
or inspiration was regarded as dynamic abdominal
pain. We treated the intraperitoneal administration of
normal saline and nothing as the control group. We
combined all of the IPLA or control groups if a given
study had more than one IPLA or control group to
[10]
avoid multiple counting of the same individuals .
We extracted data from partial groups that were
eligible in a study with several groups if the groups
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were comparable. Data from studies in which wound
infiltration with local anesthetics was applied to both
intervention and control groups, or not, in a single
study with several groups greater than four were
extracted to effectively yield two sub-studies of
whether wound infiltration with local anesthetics was
performed. Studies reporting pain severity on a visual
analog scale (VAS) or numerical rating scale (NRS)
were included. We selected the VAS if various scales
including VAS were used. We considered the median
pain evaluation value as the time point when pain
evaluation times were presented as ranges. Means and
standard deviations of pain scores for intervention and
control groups were extracted from tables, graphs,
or text. We attempted to contact the corresponding
author to obtain data if the values were not reported.
We calculated these values using the methods
described in the Cochrane handbook when contact was
[9]
unsuccessful .
Two authors (Choi GJ and Kang H) independently
extracted the following data: name of the first author;
year of publication; number of participants and their
respective allocation; type of local anesthesia; pain
characteristics evaluated (abdominal, visceral, parietal,
or shoulder pain; pain at resting or dynamic states);
time points of pain score evaluations; pain scores at
each time point; and incidence of shoulder pain.

Risk of bias assessment

Two authors (Baek CW and Jung YH) independently
assessed the quality of eligible studies using the
Cochrane Collaboration’s Tool for assessment of risk of
[9]
bias . Quality was evaluated based on the following
seven potential sources of bias: random sequence
generation; allocation concealment; blinding of the
participants; blinding of the outcome assessors;
incomplete outcome data; selective reporting; and
other bias. The methodology of each trial was graded
as ‘high’, ‘low’ or ‘unclear’ to reflect a high risk of bias,
low risk of bias and uncertainty of bias, respectively.

Statistical analysis

The pooled risk ratio (RR) or standardized mean
difference (SMD) and 95%CIs were calculated for each
2
outcome. We used the χ test for homogeneity and
2
the I test for heterogeneity. We regarded a level of
2
2
10% significance (P < 0.100) in the χ statistic or an I
greater than 50% as considerable heterogeneity, and
we used the Mantel-Haenszel random-effect model.
Otherwise, we applied the Mantel-Haenszel fixed-effect
[9,11]
model
. We performed subgroup analyses based
on the type of local anesthetics and wound infiltration.
We also conducted sensitivity analyses to evaluate
the influence of a single study on the overall effect
estimate by the exclusion of one study. Data measured
at multiple time-points were dependent on each other,
and multiple comparisons at each time point would
increase the possibility of type Ⅰ error. Therefore,
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we combined the outcomes of multiple time points
and performed analyses using the pooled combined
outcomes.
Publication bias was evaluated using a funnel
plot and Egger’s linear regression test. If the funnel
plot was asymmetrical or the P value was < 0.100
by the Egger’s test, we considered the presence of a
publication bias and performed trim and fill analyses.
We performed all analyses using Comprehensive
Meta-analysis software (version 3.0, Biostat, Englewood,
NJ, United States).

RESULTS
Search results

A total of 998 records were identified using our
electronic and manual search strategy. The titles
and/or abstracts were screened, and 48 potentially
eligible RCTs were retrieved. Full text assessments
for eligibility excluded 9 studies. Finally, 39 studies
were included in the present meta-analysis. Figure 1
presents the flow diagram of the literature selection
process.

Study characteristics

A total of 3045 patients in 39 RCTs were included
in this review: 1633 in the IPLA group and 1412 in
the control group. Fourteen studies had more than
one IPLA and/or control group based on following
[12-25]
factors
: specification of study solution, such as
volume, concentration, or type of local anesthetics;
timing of when IPLA was administered in relation
to gallbladder dissection; and combination of
study solution and adrenaline. Five studies with
several groups had only two eligible groups for
[26-30]
comparison
. We produced two sub-studies from
one study in which two independent investigations
[24]
were performed . There were four studies that
yielded two sub-studies based on whether wound
[18,19,31,32]
infiltration with local anesthetics was applied
.
Dynamic abdominal pain was evaluated in the following
[19,25]
[15,19,24]
states: moving
; coughing
; inspiration or
[15,24]
[33]
deep breathing
; sitting up and valsalva . Joris
[34]
et al
reported no information on the standard
deviations of IPLA group except for a range of standard
errors. Therefore, we estimated standard deviations
from the most conservative value of standard errors
to minimize the possibility of type I error. Limited data
were reported on visceral and parietal pains in one
[35]
study
and the severity of abdominal and shoulder
[36]
pain in another study . Only data of the incidences
of shoulder pain in both studies were included in
present meta-analysis. Table 1 summarizes the study
characteristics.

Results of meta-analysis

Resting abdominal pain was evaluated in 30 studies
[12-14,16,17,19-30,32,33,37-47]
(2263 patients)
. There was a
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998 records
searched

268 duplicates
retrieved

730 records screened
based on titles and/or abstracts

48 potential relevant RCTs
identified screened

48 full text articles
assessed for eligibility

9 RCTs excluded:
Insufficient data for meta-analysis (n = 2)
Not English language (n = 4)
Postoperative catheters for IPLA administration (n = 2)
Simultaneous IV administration of analgesics (n = 1)

39 RCTs
included in the meta-analysis

Figure 1 Flow diagram of studies identified and selected.

significant reduction in pain scores with the use of
IPLA compared to the control group (SMD = -0.741;
2
95%CI: -1.001 to -0.48, P < 0.001; I = 87%; Figure
2A).
Dynamic abdominal pain was measured in five
[15,19,24,25,33]
studies (335 patients)
. IPLA administration
did not exhibit a significant decrease in pain scores
compared to the control group (SMD = -0.320;
2
95%CI: -0.649 to 0.010, P = 0.002; I = 66%; Figure
[24]
2B). The exclusion of Raetzell et al
changed the
result (SMD = -0.402; 95%CI: -0.777 to -0.028, P =
2
0.001; I = 70%).
Visceral and parietal pain scores at a resting state
[18,31,34]
were examined in three studies (148 patients)
.
There were no data for dynamic states. IPLA admini
stration significantly reduced visceral pain scores
compared to the control group (SMD = -0.249;
2
95%CI: -0.493 to -0.006, P = 0.774; I = 0%; Figure
2C), but there was no reduction in parietal pain score
using IPLA (SMD = -0.305; 95%CI: -0.708 to 0.098, P
2
= 0.036; I =61%; Figure 2D).
Shoulder pain at a resting state was eva
luated, including severity in eight studies (729
[12,20,27-29, 31,34,48]
patients)
and incidences in 14 studies
[15,17-19,35-38,41-43,46,49,50]
(1092 patients)
. There were
no data for dynamic states. IPLA administration
significantly reduced shoulder pain severity (SMD =
2
-0.273; 95%CI: -0.464 to -0.082, P = 0.097; I =
39%; Figure 2E) and incidence (RR = 0.437; 95%CI:
2
0.299 to 0.639, P < 0.001; I = 68%; Figure 2F).
Sensitivity analyses, except for one case in a
dynamic abdominal pain and subgroup analyses,
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based on type of local anesthesia used did not alleviate
substantial heterogeneity or change the significance of
the result.

Publication bias

A funnel plot was used for every comparison, and all
data displayed a symmetrical appearance. The results
of Egger’s test indicated that publication bias was
unlikely for all outcomes: resting abdominal pain (P =
0.076); dynamic abdominal pain (P = 0.416); visceral
pain (P = 0.143); parietal pain (P = 0.508); shoulder
pain severity (P = 0.683); and incidence of shoulder
pain (P = 0.239). We performed trim and fill analyses
on the assumption that publication bias was evident
for resting abdominal pain to evaluate the influence of
publication bias. The result of resting abdominal pain
remained significant (SMD = -0.914; 95%CI: -1.182
to -0.646), which suggests that publication bias was
unlikely (Figure 3).

DISCUSSION
The results of our meta-analysis suggest that IPLA is
effective for the control of resting abdominal, visceral,
and shoulder pain. This effect may be explained
by the mechanisms of pain development after LC
and the action of IPLA, but these mechanisms are
multifactorial and not clearly understood. Visceral pain
may be initiated by tissue injury due to gallbladder
removal from the liver bed and the stretching of nerve
[4]
endings . Pneumoperitoneum causes a stretching
of the peritoneum and the diaphragmatic muscle
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Table 1 Study characteristics
Study

Year

Patients (n ) IPLA/control

Type of LA

Pain characteristics

Postoperative time point (h)

Chundrigar et al[39]
Pasqualucci et al[21]
Rademaker et al[23]
Joris et al[34]

1993
1994
1994
1995

28/30
28/14
30/15
20/20

B
B
B, L
B

1, 2, 4, 8
0, 4, 8, 12, 24
0.5, 1, 2, 4
1, 2, 4, 6, 8, 24, 48

Raetzell et al (1)[24]
Raetzell et al (2)[24]
Scheinin et al[25]
Pasqualucci et al[22]
Szem et al[46]

1995
1995
1995
1996
1996

20/10
12/12
40/20
82/27
26/29

B
B
B
B
B

Mraović et al[45]
Cunniffe et al[49]
Tsimoyiannis et al[29]
Elfberg et al[40]
Elhakim et al[41]

1997
1998
1998
2000
2000

40/40
55/50
50/50
33/32
25/25

R
B
B
B
L

Gharaibeh et al[50]
Lee et al[18]

2000
2001

37/38
80/68

B
B

Labaille et al[35]

2002

25/12

R

Maestroni et al[44]
Lepner et al[28]

2002
2003

30/30
20/20

R
L

Ng et al[36]

2004

21/22

LB

Jabbour-Khoury et al[27]

2005

20/20

B

Louizos et al[19]

2005

54/50

B

Barczyński et al[14]
Karaaslan et al[16]
Alkhamesi et al[13]
Garcia et al[33]
Kucuk et al[17]

2006
2006
2007
2007
2007

60/60
50/15
40/40
19/13
60/20

B
B
B
B
B, R

Ahmed et al[12]
Pappas-Gogos et al[20]

2008
2008

100/100
40/20

B, L
R

Alper et al[37]

2009

20/20

LB

Golubović et al[26]
Zimmer et al[47]

2009
2010

30/30
25/25

B
B

El-Labban et al[42]

2011

63/63

LB

Hilvering et al[43]

2011

39/39

LB

Cha et al[31]

2012

40/40

R

Ingelmo et al[15]

2013

56/29

R

Alper et al[38]

2014

22/22

LB

Niknam et al[48]
Yang et al[30]
Yeh et al[32]

2014
2014
2014

84/85
22/24
110/110

R
L
LB

Abdominal (R)
Abdominal (R)
Abdominal(R)
Visceral/Parietal (R)
Shoulder (S)
Abdominal (R, D)
Abdominal (R)
Abdominal (R, D)
Abdominal (R)
Abdominal (R)
Shoulder (I)
Abdominal (R)
Shoulder (I)
Abdominal (R)
Abdominal (R)
Abdominal (R)
Shoulder (I, S)
Shoulder (I)
Visceral/Parietal (R)
Shoulder (I)
Visceral/Parietal (R, D)
Shoulder (I)
Abdominal (R)
Abdominal (R)
Shoulder (S)
Abdominal (R, D)
Shoulder (I, S)
Abdominal (R)
Shoulder (S)
Abdominal (R, D)
Shoulder (I, S)
Abdominal (R)
Abdominal (R)
Abdominal (R)
Abdominal (R, D)
Abdominal (R)
Shoulder (I)
Abdominal (R)
Abdominal (R)
Shoulder (S)
Abdominal (R)
Shoulder (I)
Abdominal (R)
Abdominal (R)
Shoulder (S)
Abdominal (R)
Shoulder (I)
Abdominal (R)
Shoulder (I)
Visceral/Parietal (R)
Shoulder (S)
Abdominal (D)
Shoulder (I)
Abdominal (R)
Shoulder (I)
Shoulder (S)
Abdominal (R)
Abdominal (R)

4, 24, 48, 72
1, 2, 3, 4, 5, 6, 24
24, 48, 72, 96, 120, 144, 168
0, 4, 8, 12, 24
3, 9, 15, 21
0.5, 4, 8, 12, 24
NA
2, 6, 12, 24, 36, 48, 72
2, 4, 8, 24, 48
0, 1, 6, 12, 18, 24
NA
1, 3, 6, 9, 24, 48
0, 0.5, 1, 2, 4, 8, 12, 20
0, 4, 8, 12, 24
1, 3, 6, 12, 18, 24
0, 1, 2, 3, 4
0, 1, 2, 6, 12, 24
0.5, 4, 8, 12, 24
4, 8, 12, 24, 48
0, 4, 8, 12, 24
0, 6, 12, 24
0, 2, 4, 8, 12, 24
0, 1, 2, 4, 8, 12, 24
0, 4, 8, 12, 24
2, 4, 6, 12, 24, 48, 72
0, 0.5, 1, 2, 4, 6, 8, 12, 24
0.5, 1, 2, 4, 24
1, 2, 24
0.5, 4, 8, 12, 24
0.5, 2, 4, 8, 24
2, 4, 8, 12, 24, 48
4, 24, 48, 72
0, 0.5, 1, 2, 4, 6, 8, 12, 24
4, 72
2, 4, 8, 12, 24, 48
1, 6, 24

IPLA: Intraperitoneal local anesthetics; LA: Local anesthetics; R: Resting; D: Dynamic; I: Incidence; S: Severity; R: Ropivacaine; L: Lidocaine; B: Bupivacaine;
LB: Levobupivacaine; NA: Not available.
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A

Study name

[12]

Ahmed 2008
[13]
Alkhamesi 2006
[37]
Alper 2009
[38]
Alper 2014
[14]
Barczyński 2006
[39]
Chundriger 1993
[40]
Elfberg 2000
[41]
Elhakim 2000
[42]
El-Labban 2011
[33]
Garcia 2007
[26]
Golubović 2009
[43]
Hilvering 2011
[27]
Jabbour-Khoury 2005
[16]
Karaaslan 2006
[17]
Kucuk 2007
[28]
Lepner 2003
[19]
Louizos 2005 (1)
[19]
Louizos 2005 (2)
[44]
Maestroni 2002
[45]
Mraović 1997
[20]
Pappas-Gogos 2008
[21]
Pasqualucci 1994
[22]
Pasqualucci 1996
[23]
Rademaker 1994
[24]
Raetzell 1995 (1)
[24]
Raetzell 1995 (2)
[25]
Scheinin 1995
[46]
Szem 1996
[29]
Tsimoyiannis 1998
[30]
Yang 2014
[32]
Yeh 2014 (1)
[32]
Yeh 2014 (2)
[47]
Zimmer 2010

Subgroup within study

Time point

Combined
B
LB
LB
B
B
B
LB
LB
B
B
LB
B
B
Combined
L
LB
LB
R
B
R
B
B
Combined
B
B
B
B
B
L
LB
LB
B

Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined

Statistics
Std diff in
means
-0.966
-2.980
-1.238
-0.608
-1.599
-1.238
-0.239
-3.027
-0.242
-0.402
-2.233
-0.100
-0.477
-1.517
-0.616
0.638
0.069
-1.162
-0.630
-0.597
-0.320
-1.262
-0.818
-0.077
-0.005
0.065
0.222
0.047
-3.482
-1.033
0.001
0.000
-0.255
-0.741

for each
Lower
limit
-1.261
-3.663
-1.972
-1.213
-2.019
-1.813
-0.728
-3.902
-0.593
-1.115
-2.975
-0.545
-1.110
-2.165
-1.138
-0.002
-0.491
-1.762
-1.149
-1.047
-0.860
-1.966
-1.267
-0.707
-0.764
-0.738
-0.317
-0.552
-4.694
-1.652
-0.374
-0.374
-0.817
-1.001

study
Upper
limit
-0.672
-2.296
-0.503
-0.004
-1.180
-0.664
0.251
-2.151
0.108
0.311
-1.491
0.345
0.156
-0.870
-0.094
1.278
0.630
-0.562
-0.112
-0.146
0.220
-0.558
-0.369
0.553
0.755
0.869
0.761
0.645
-2.270
-0.413
0.376
0.374
0.306
-0.481

Std diff in means and 95%CI

-6.00

B
Study name

[33]

Garcia 2007 (1)
[33]
Garcia 2007 (2)
[19]
Louizos 2005 (1)-1
[19]
Louizos 2005 (2)-1
[19]
Louizos 2005 (1)-2
[19]
Louizos 2005 (2)-2
[25]
Scheinin 1995
[24]
Raetzell 1995 (1)
[24]
Raetzell 1995 (2)
[15]
Ingelmo 2013

Subgroup within study

Time point

B
B
LB
LB
LB
LB
B
B
B
R

Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined

Statistics
Std diff in
means
-0.090
0.000
0.103
-1.513
-0.228
-0.854
0.011
0.111
0.068
-0.603
-0.320

for each
Lower
limit
-0.796
-0.706
-0.448
-2.127
-0.781
-1.419
-0.527
-0.653
-0.693
-1.062
-0.649

-3.00
Favours treat

study
Upper
limit
0.617
0.706
0.655
-0.898
0.325
-0.289
0.549
0.875
0.828
-0.145
0.010

Study name

[31]

Cha 2012 (1)
[31]
Cha 2012 (2)
[18]
Lee 2001 (1)
[18]
Lee 2001 (2)
[34]
Joris 1995

Subgroup within study

Time point

R
R
B
B
B

Combined
Combined
Combined
Combined
Combined

Statistics
Std diff in
means
-0.227
-0.075
-0.138
-0.493
-0.136
-0.249

for each study
Lower
Upper
limit
limit
-0.850
0.395
-0.698
0.547
-0.636
0.361
-0.935
-0.051
-0.760
0.487
-0.493
-0.006
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6.00

-3.00
0.00
3.00
6.00
Favours treat
Favours control
Std diff in means and 95%CI

-2.00

WJG|www.wjgnet.com

3.00
Favours control

Std diff in means and 95%CI

-6.00

C

0.00

-1.00
0.00
1.00
2.00
Favours treat
Favours control
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D

Study name

[31]

Cha 2012 (1)
[31]
Cha 2012 (2)
[18]
Lee 2001 (1)
[18]
Lee 2001 (2)
[34]
Joris 1995

Subgroup within study

Time point

R
R
B
B
B

Combined
Combined
Combined
Combined
Combined

Statistics for each study
Std diff in
Lower
Upper
means
limit
limit
-1.017
-1.680
-0.355
-0.717
-1.359
-0.074
0.096
-0.404
0.596
-0.128
-0.563
0.306
0.064
-0.557
0.685
-0.305
-0.708
0.098

Std diff in means and 95%CI

-2.00
-1.00
0.00
1.00
2.00
Favours treat
Favours control

E

Study name

[12]

Ahmed 2008
[12]
Ahmed 2008
[29]
Tsimoyiannis 1998
[20]
Pappas-Gogos 2008
[27]
Jabbour-Khoury 2005
[28]
Lepner 2003
[48]
Niknam 2014
[31]
Cha 2012 (1)
[31]
Cha 2012 (2)
[34]
Joris 1995

Subgroup within study

Time point

B
L
B
R
B
L
R
R
R
B

Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined

Statistics
Std diff in
means
-0.449
-0.669
-0.219
-0.024
-0.862
-0.041
-0.051
-0.329
-0.039
0.133
-0.273

for each study
Lower
Upper
limit
limit
-0.793
-0.105
-1.017
-0.320
-0.624
0.186
-0.569
0.521
-1.513
-0.210
-0.664
0.582
-0.353
0.250
-0.953
0.296
-0.662
0.583
-0.490
0.756
-0.464
-0.082

Std diff in means and 95%CI

-2.00

-1.00
Favours treat

0.00

1.00
2.00
Favours control

F
Study name
[38]

Subgroup within study

Alper 2014
[37]
Alper 2009
[49]
Cunniffe 1998
[41]
Elhakim 2000
[42]
El-Labban 2011
[50]
Gharaibeh 2000
[43]
Hilvering 2011
[15]
Ingelmo 2013
[17]
Kucuk 2007
[35]
Labaille 2002
[18]
Lee 2001
[19]
Louizos 2005
[36]
Ng 2004
[46]
Szem 1996

LB
LB
B
L
LB
B
LB
R
Combined
R
B
LB
LB
B

Risk ratio and 95%CI
Risk ratio Lower limit Upper limit
0.667
0.124
3.571
0.667
0.163
2.722
0.173
0.064
0.470
0.300
0.094
0.962
0.267
0.157
0.454
0.268
0.123
0.582
1.063
0.632
1.785
0.027
0.006
0.130
0.667
0.259
1.718
0.549
0.260
1.156
0.691
0.358
1.332
0.329
0.186
0.581
0.698
0.410
1.189
0.868
0.377
1.997
0.437
0.299
0.639
0.01
0.1
Favours treat

1

10
100
Favours control

Figure 2 Forest plot of resting abdominal pain (A), dynamic abdominal pain (B), visceral pain (C), parietal pain (D), shoulder pain (severity) (E) and
shoulder pain (incidence) (F).
[2,4]

fibers, which irritates phrenic nerve endings . The
phrenic nerve innervates the gallbladder and liver, and
this nerve shares a common route with nerves that
[51]
innervate the shoulder . Dissolved carbon dioxide
[52]
contributes to diaphragmatic irritation . Therefore,
the pain induced by pneumoperitoneum leads to
referred pain in the shoulder. The topical application of
local anesthetic to the viscera, i.e., IPLA, exhibits an
analgesic effect by blocking visceral nociception from
the area of tissue damage and the peritoneum. The
systemic absorption of local anesthetics through the
peritoneal surface may also play a role in the analgesic
[53]
effect by attenuating nociception .
Most studies included in present review evaluated

WJG|www.wjgnet.com

abdominal pain, not visceral pain. Visceral pain made
up a large portion of abdominal pain after LC compared
[18,34,35]
to parietal or shoulder pain in several studies
.
Therefore, we expected that the results of visceral and
abdominal pain would exhibit a similar tendency. The
administration of IPLA induced a significant reduction
in visceral and abdominal pain at resting states after
LC.
IPLA did not significantly reduce parietal pain in
the present review. This result may be explained by
the different origins of parietal and visceral pain. The
analgesic effect of IPLA is favorable to visceral pain
because IPLA is aimed at the injured viscera in the
peritoneal cavity, not the abdominal wall. Parietal pain
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Precision (1/Std Err)
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3
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1
0
-4

-3
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-1
0
Std diff in means

1

2

3

4

Figure 3 Funnel plot of publication bias of resting abdominal pain.

is a lesser component of the pain that is somatic origin
and induced by the surgical incision in the abdominal
[2]
wall for trocar insertion . The origin of parietal
pain supports the application of local anesthetics
to trocar insertion sites, i.e., wound infiltration with
local anesthetics would be beneficial. Several studies
investigated the effect of wound infiltration on pain
[54]
after LC
and demonstrated favorable results in
regard to pain control. Therefore, we performed
subgroup analyses on wound infiltration. However, our
meta-analysis demonstrated that parietal pain was not
reduced in the wound infiltration subgroup, which is
inconsistent with the results of previous studies.
Some of the included studies assessed abdominal
pain in a dynamic state, such as moving, coughing,
inspiration, or valsalva. Movement demands the
contraction of primarily abdominal muscles, but
coughing or deep inspiration is mediated by the
[34]
movement of intraabdominal viscera . Each type
of movement suggests an aggravation of parietal
and visceral pain. IPLA did not significantly alleviate
dynamic abdominal pain in the present meta-analysis.
Our results revealed that IPLA was effective on
visceral pain in a resting state. Abdominal pain may
be represented by visceral pain, which is worsened
by coughing or inspiration. Therefore, we performed
a subgroup analysis of studies that investigated
abdominal pain during coughing or inspiration on the
assumption that our results of the effect of IPLA on
dynamic pain would be altered. However, subgroup
analyses did not alter this result.
The present review is limited by the substantial
heterogeneity between studies and the quality of
included studies. There are many potential sources
of clinical and methodological heterogeneity, such as
dose, concentration, or volume of IPLA, the timing or
site of IPLA administration, the volume and pressure
of pneumoperitoneum, and the analgesic method
during the postoperative period. We tried to conduct
sensitivity and subgroup analyses for some of the
possible factors, but we could not consider all of these

WJG|www.wjgnet.com

factors in our analysis. Second, the quality of the
included studies was limited. Notwithstanding this
limitation, our study was the first meta-analysis to
evaluate the effect of IPLA on pain characteristics after
LC application using a rigorous methodology.
In conclusion, IPLA as an analgesic adjuvant in
patients undergoing LC exhibited a favorable effect on
postoperative abdominal, visceral, and shoulder pain
during a resting state.

COMMENTS
COMMENTS
Background

Laparoscopic cholecystectomy (LC) is widely performed because of the
benefits associated with lower invasiveness, but patients still experience
significant postoperative pain. Numerous studies demonstrated therapeutic
strategies for pain after LC, including the administration of intraperitoneal local
anesthetic (IPLA). There were three types of pain characteristics after LC:
visceral, parietal, and shoulder pain. It would be beneficial for postoperative
pain management to provide evidence of the effect of IPLA on pain after LC.
Therefore, the authors systematically evaluated the effect of IPLA on pain
characteristics after LC.

Research frontiers

Postoperative pain management is an important issue in LC. Recent recognition
of different pain components suggests that strategies for pain therapy should
focus on pain characteristics based on their origins. Currently, LC and pain
characteristics are significantly promising subjects of research.

Innovations and breakthroughs

Several meta-analyses on LC were performed, but no studies systematically
evaluated the effect of IPLA on pain components after LC. This study is the first
report of a meta-analysis to investigate the effect of IPLA on pain characteristics
after LC.

Applications

This meta-analysis provides evidence of the effect of IPLA on pain
characteristics after LC and suggests a more effective therapeutic approach
based on pain components after LC.

Terminology

Pain characteristics after LC are composed of visceral, parietal, and shoulder
pain. Visceral and shoulder pain are associated with pneumoperitoneum during
laparoscopic surgery. Parietal pain is linked to trocar incisions. The origins of
these components are different, and distinct therapeutic approaches should
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be distinguished. IPLA in the present study reduced visceral and shoulder pain
after LC, which suggests that intraperitoneally administered local anesthetic
exerts an analgesic effect on the viscera and peritoneum that are affected by
surgery and pneumoperitoneum.
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Peer-review

The authors of this meta-analysis present the application value of intraperitoneal
local anesthetic on pain after LC. This article is valuable for clinical physicians.

17

REFERENCES
1
2
3

4
5

6
7

8

9
10
11
12

13

14

15

Soper NJ, Stockmann PT, Dunnegan DL, Ashley SW.
Laparoscopic cholecystectomy. The new ‘gold standard’? Arch
Surg 1992; 127: 917-921; discussion 921-923 [PMID: 1386505]
Wills VL, Hunt DR. Pain after laparoscopic cholecystectomy.
Br J Surg 2000; 87: 273-284 [PMID: 10718794 DOI: 10.1046/
j.1365-2168.2000.01374.x]
Ure BM, Troidl H, Spangenberger W, Dietrich A, Lefering R,
Neugebauer E. Pain after laparoscopic cholecystectomy. Intensity
and localization of pain and analysis of predictors in preoperative
symptoms and intraoperative events. Surg Endosc 1994; 8: 90-96
[PMID: 8165491]
Bisgaard T, Kehlet H, Rosenberg J. Pain and convalescence after
laparoscopic cholecystectomy. Eur J Surg 2001; 167: 84-96 [PMID:
11266262 DOI: 10.1080/110241501750070510]
Boddy AP, Mehta S, Rhodes M. The effect of intraperitoneal local
anesthesia in laparoscopic cholecystectomy: a systematic review
and meta-analysis. Anesth Analg 2006; 103: 682-688 [PMID:
16931681 DOI: 10.1213/01.ane.0000226268.06279.5a]
Gupta A. Local anaesthesia for pain relief after laparoscopic
cholecystectomy--a systematic review. Best Pract Res Clin
Anaesthesiol 2005; 19: 275-292 [PMID: 15966498]
Gurusamy KS, Nagendran M, Guerrini GP, Toon CD, Zinnuroglu
M, Davidson BR. Intraperitoneal local anaesthetic instillation
versus no intraperitoneal local anaesthetic instillation for
laparoscopic cholecystectomy. Cochrane Database Syst Rev
2014; 3: CD007337 [PMID: 24627292 DOI: 10.1002/14651858.
CD007337.pub3]
Kahokehr A, Sammour T, Soop M, Hill AG. Intraperitoneal use
of local anesthetic in laparoscopic cholecystectomy: systematic
review and metaanalysis of randomized controlled trials. J
Hepatobiliary Pancreat Sci 2010; 17: 637-656 [PMID: 20393755
DOI: 10.1007/s00534-010-0271-7]
Higgins JP, Green S. Cochrane handbook for systematic reviews
of interventions. Version 5.1.0. The Cochrane Collaboration, 2011
Altman DG, Bland JM. Statistics notes. Units of analysis. BMJ
1997; 314: 1874 [PMID: 9224131]
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003; 327: 557-560 [PMID:
12958120 DOI: 10.1136/bmj.327.7414.557]
Ahmed BH, Ahmed A, Tan D, Awad ZT, Al-Aali AY, Kilkenny J,
Orlando FA, Al-Chalabi A, Crass R, Alrawi SJ. Post-laparoscopic
cholecystectomy pain: effects of intraperitoneal local anesthetics
on pain control--a randomized prospective double-blinded placebocontrolled trial. Am Surg 2008; 74: 201-209 [PMID: 18376682]
Alkhamesi NA, Peck DH, Lomax D, Darzi AW. Intraperitoneal
aerosolization of bupivacaine reduces postoperative pain in
laparoscopic surgery: a randomized prospective controlled doubleblinded clinical trial. Surg Endosc 2007; 21: 602-606 [PMID:
17180268 DOI: 10.1007/s00464-006-9087-6]
Barczyński M, Konturek A, Herman RM. Superiority of
preemptive analgesia with intraperitoneal instillation of bupivacaine
before rather than after the creation of pneumoperitoneum for
laparoscopic cholecystectomy: a randomized, double-blind,
placebo-controlled study. Surg Endosc 2006; 20: 1088-1093
[PMID: 16703434 DOI: 10.1007/s00464-005-0458-1]
Ingelmo PM, Bucciero M, Somaini M, Sahillioglu E, Garbagnati
A, Charton A, Rossini V, Sacchi V, Scardilli M, Lometti A, Joshi
GP, Fumagalli R, Diemunsch P. Intraperitoneal nebulization of

WJG|www.wjgnet.com

18

19

20

21

22

23

24
25

26

27

28

29

30

13394

ropivacaine for pain control after laparoscopic cholecystectomy: a
double-blind, randomized, placebo-controlled trial. Br J Anaesth
2013; 110: 800-806 [PMID: 23293276 DOI: 10.1093/bja/aes495]
Karaaslan D, Sivaci RG, Akbulut G, Dilek ON. Preemptive
analgesia in laparoscopic cholecystectomy: a randomized
controlled study. Pain Pract 2006; 6: 237-241 [PMID: 17129304
DOI: 10.1111/j.1533-2500.2006.00092.x]
Kucuk C, Kadiogullari N, Canoler O, Savli S. A placebocontrolled comparison of bupivacaine and ropivacaine
instillation for preventing postoperative pain after laparoscopic
cholecystectomy. Surg Today 2007; 37: 396-400 [PMID: 17468821
DOI: 10.1007/s00595-006-3408-1]
Lee IO, Kim SH, Kong MH, Lee MK, Kim NS, Choi YS, Lim SH.
Pain after laparoscopic cholecystectomy: the effect and timing of
incisional and intraperitoneal bupivacaine. Can J Anaesth 2001;
48: 545-550 [PMID: 11444448 DOI: 10.1007/bf03016830]
Louizos AA, Hadzilia SJ, Leandros E, Kouroukli IK, Georgiou
LG, Bramis JP. Postoperative pain relief after laparoscopic
cholecystectomy: a placebo-controlled double-blind randomized
trial of preincisional infiltration and intraperitoneal instillation of
levobupivacaine 0.25%. Surg Endosc 2005; 19: 1503-1506 [PMID:
16328673 DOI: 10.1007/s00464-005-3002-4]
Pappas-Gogos G, Tsimogiannis KE, Zikos N, Nikas K,
Manataki A, Tsimoyiannis EC. Preincisional and intraperitoneal
ropivacaine plus normal saline infusion for postoperative pain
relief after laparoscopic cholecystectomy: a randomized doubleblind controlled trial. Surg Endosc 2008; 22: 2036-2045 [PMID:
18270769 DOI: 10.1007/s00464-008-9762-x]
Pasqualucci A, Contardo R, Da Broi U, Colo F, Terrosu G,
Donini A, Sorrentino M, Pasetto A, Bresadola F. The effects
of intraperitoneal local anesthetic on analgesic requirements
and endocrine response after laparoscopic cholecystectomy: a
randomized double-blind controlled study. J Laparoendosc Surg
1994; 4: 405-412 [PMID: 7881144]
Pasqualucci A, de Angelis V, Contardo R, Colò F, Terrosu
G, Donini A, Pasetto A, Bresadola F. Preemptive analgesia:
intraperitoneal local anesthetic in laparoscopic cholecystectomy.
A randomized, double-blind, placebo-controlled study.
Anesthesiology 1996; 85: 11-20 [PMID: 8694355]
R a d e m a k e r B M , K a l k m a n C J , O d o o m J A , d e Wi t L ,
Ringers J. Intraperitoneal local anaesthetics after laparoscopic
cholecystectomy: effects on postoperative pain, metabolic
responses and lung function. Br J Anaesth 1994; 72: 263-266
[PMID: 8130042]
Raetzell M, Maier C, Schröder D, Wulf H. Intraperitoneal
application of bupivacaine during laparoscopic cholecystectomy-risk or benefit? Anesth Analg 1995; 81: 967-972 [PMID: 7486086]
Scheinin B, Kellokumpu I, Lindgren L, Haglund C, Rosenberg
PH. Effect of intraperitoneal bupivacaine on pain after laparoscopic
cholecystectomy. Acta Anaesthesiol Scand 1995; 39: 195-198
[PMID: 7793186]
Golubović S, Golubović V, Cindrić-Stancin M, Tokmadzić VS.
Intraperitoneal analgesia for laparoscopic cholecystectomy:
bupivacaine versus bupivacaine with tramadol. Coll Antropol 2009;
33: 299-302 [PMID: 19408641]
Jabbour-Khoury SI, Dabbous AS, Gerges FJ, Azar MS, Ayoub
CM, Khoury GS. Intraperitoneal and intravenous routes for pain
relief in laparoscopic cholecystectomy. JSLS 2005; 9: 316-321
[PMID: 16121879]
Lepner U, Goroshina J, Samarütel J. Postoperative pain relief
after laparoscopic cholecystectomy: a randomised prospective
double-blind clinical trial. Scand J Surg 2003; 92: 121-124 [PMID:
12841551]
Tsimoyiannis EC, Glantzounis G, Lekkas ET, Siakas P, Jabarin
M, Tzourou H. Intraperitoneal normal saline and bupivacaine
infusion for reduction of postoperative pain after laparoscopic
cholecystectomy. Surg Laparosc Endosc 1998; 8: 416-420 [PMID:
9864106]
Yang SY, Kang H, Choi GJ, Shin HY, Baek CW, Jung YH, Choi
YS. Efficacy of intraperitoneal and intravenous lidocaine on pain

December 21, 2015|Volume 21|Issue 47|

Choi GJ et al . Intraperitoneal local anesthetic and laparoscopic cholecystectomy

31

32

33

34
35

36

37

38

39

40

41
42

relief after laparoscopic cholecystectomy. J Int Med Res 2014; 42:
307-319 [PMID: 24648482 DOI: 10.1177/0300060513505493]
Cha SM, Kang H, Baek CW, Jung YH, Koo GH, Kim BG, Choi
YS, Cha SJ, Cha YJ. Peritrocal and intraperitoneal ropivacaine for
laparoscopic cholecystectomy: a prospective, randomized, doubleblind controlled trial. J Surg Res 2012; 175: 251-258 [PMID:
21658722 DOI: 10.1016/j.jss.2011.04.033]
Yeh CN, Tsai CY, Cheng CT, Wang SY, Liu YY, Chiang KC, Hsieh
FJ, Lin CC, Jan YY, Chen MF. Pain relief from combined wound
and intraperitoneal local anesthesia for patients who undergo
laparoscopic cholecystectomy. BMC Surg 2014; 14: 28 [PMID:
24886449 DOI: 10.1186/1471-2482-14-28]
Garcia JB, Alencar Júnior AM, Santos CE. [Intraperitoneal
administration of 50% enantiomeric excess (S75-R25) bupivacaine
in postoperative analgesia of laparoscopic cholecystectomy]. Rev
Bras Anestesiol 2007; 57: 344-355 [PMID: 19462110]
Joris J, Thiry E, Paris P, Weerts J, Lamy M. Pain after laparoscopic
cholecystectomy: characteristics and effect of intraperitoneal
bupivacaine. Anesth Analg 1995; 81: 379-384 [PMID: 7618731]
Labaille T, Mazoit JX, Paqueron X, Franco D, Benhamou D.
The clinical efficacy and pharmacokinetics of intraperitoneal
ropivacaine for laparoscopic cholecystectomy. Anesth Analg 2002;
94: 100-115, table of contents [PMID: 11772809]
Ng A, Swami A, Smith G, Robertson G, Lloyd DM. Is intraperitoneal
levobupivacaine with epinephrine useful for analgesia following
laparoscopic cholecystectomy? A randomized controlled trial. Eur J
Anaesthesiol 2004; 21: 653-657 [PMID: 15473621]
Alper I, Ulukaya S, Ertuğrul V, Makay O, Uyar M, Balcioğlu
T. Effects of intraperitoneal levobupivacaine on pain after
laparoscopic cholecystectomy: a prospective, randomized, doubleblinded study. Agri 2009; 21: 141-145 [PMID: 20127533]
Alper I, Ulukaya S, Yüksel G, Uyar M, Balcıoğlu T. Laparoscopic
cholecystectomy pain: effects of the combination of incisional and
intraperitoneal levobupivacaine before or after surgery. Agri 2014;
26: 107-112 [PMID: 25205408 DOI: 10.5505/agri.2014.42650]
Chundrigar T, Hedges AR, Morris R, Stamatakis JD. Intra
peritoneal bupivacaine for effective pain relief after laparoscopic
cholecystectomy. Ann R Coll Surg Engl 1993; 75: 437-439 [PMID:
8285548]
Elfberg BA, Sjövall-Mjöberg S. Intraperitoneal bupivacaine does
not effectively reduce pain after laparoscopic cholecystectomy:
a randomized, placebo-controlled and double-blind study. Surg
Laparosc Endosc Percutan Tech 2000; 10: 357-359 [PMID:
11147908]
Elhakim M, Elkott M, Ali NM, Tahoun HM. Intraperitoneal
lidocaine for postoperative pain after laparoscopy. Acta
Anaesthesiol Scand 2000; 44: 280-284 [PMID: 10714840]
El-Labban GM, Hokkam EN, El-Labban MA, Morsy K, Saadl S,
Heissam KS. Intraincisional vs intraperitoneal infiltration of local
anaesthetic for controlling early post-laparoscopic cholecystectomy
pain. J Minim Access Surg 2011; 7: 173-177 [PMID: 22022099
DOI: 10.4103/0972-9941.83508]

43

44

45
46

47

48

49

50

51

52
53

54

Hilvering B, Draaisma WA, van der Bilt JD, Valk RM, Kofman
KE, Consten EC. Randomized clinical trial of combined
preincisional infiltration and intraperitoneal instillation of
levobupivacaine for postoperative pain after laparoscopic
cholecystectomy. Br J Surg 2011; 98: 784-789 [PMID: 21412996
DOI: 10.1002/bjs.7435]
Maestroni U, Sortini D, Devito C, Pour Morad Kohan Brunaldi
F, Anania G, Pavanelli L, Pasqualucci A, Donini A. A new method
of preemptive analgesia in laparoscopic cholecystectomy. Surg
Endosc 2002; 16: 1336-1340 [PMID: 11988800 DOI: 10.1007/
s00464-001-9181-8]
Mraović B, Jurisić T, Kogler-Majeric V, Sustic A. Intraperitoneal
bupivacaine for analgesia after laparoscopic cholecystectomy. Acta
Anaesthesiol Scand 1997; 41: 193-196 [PMID: 9062598]
Szem JW, Hydo L, Barie PS. A double-blinded evaluation
of intraperitoneal bupivacaine vs saline for the reduction of
postoperative pain and nausea after laparoscopic cholecystectomy.
Surg Endosc 1996; 10: 44-48 [PMID: 8711605]
Zimmer PW, McCann MJ, O’Brien MM. Bupivacaine use in
the Insuflow device during laparoscopic cholecystectomy: results
of a prospective randomized double-blind controlled trial. Surg
Endosc 2010; 24: 1524-1527 [PMID: 20108156 DOI: 10.1007/
s00464-009-0804-9]
Niknam F, Saxena A, Niles N, Budak UU, Mekisic A. Does
irrigation of the subdiaphragmatic region with ropivacaine
reduce the incidence of right shoulder tip pain after laparoscopic
cholecystectomy? A prospective randomized, double-blind,
controlled study. Am Surg 2014; 80: E17-E18 [PMID: 24401503]
Cunniffe MG, McAnena OJ, Dar MA, Calleary J, Flynn N.
A prospective randomized trial of intraoperative bupivacaine
irrigation for management of shoulder-tip pain following
laparoscopy. Am J Surg 1998; 176: 258-261 [PMID: 9776154]
Gharaibeh KI, Al-Jaberi TM. Bupivacaine instillation into
gallbladder bed after laparoscopic cholecystectomy: does it
decrease shoulder pain? J Laparoendosc Adv Surg Tech A 2000;
10: 137-141 [PMID: 10883990]
Paulson J, Mellinger J, Baguley W. The use of intraperitoneal
bupivacaine to decrease the length of stay in elective laparoscopic
cholecystectomy patients. Am Surg 2003; 69: 275-278; discussion
278-279 [PMID: 12716083]
Draper K, Jefson R, Jongeward R, McLeod M. Duration of
postlaparoscopic pneumoperitoneum. Surg Endosc 1997; 11:
809-811 [PMID: 9266640]
Kahokehr A, Sammour T, Vather R, Taylor M, Stapelberg F, Hill
AG. Systemic levels of local anaesthetic after intra-peritoneal
application--a systematic review. Anaesth Intensive Care 2010; 38:
623-638 [PMID: 20715724]
Loizides S, Gurusamy KS, Nagendran M, Rossi M, Guerrini GP,
Davidson BR. Wound infiltration with local anaesthetic agents
for laparoscopic cholecystectomy. Cochrane Database Syst Rev
2014; 3: CD007049 [PMID: 24619479 DOI: 10.1002/14651858.
CD007049.pub2]
P- Reviewer: Gonzalez-Ojeda A, Hu H S- Editor: Yu J
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

13395

December 21, 2015|Volume 21|Issue 47|

World J Gastroenterol 2015 December 21; 21(47): 13396-13399
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i47.13396

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Over-the-scope clip to close a gastrocutaneous fistula after
esophagectomy
Shan-Shan Shen, Xiao-Qi Zhang, Zhen-Lei Li, Xiao-Ping Zou, Ting-Sheng Ling
Shan-Shan Shen, Xiao-Qi Zhang, Zhen-Lei Li, Xiao-Ping
Zou, Ting-Sheng Ling, Department of Gastroenterology,
Affiliated Drum Tower Hospital of Nanjing University, Medical
School, Nanjing 210008, Jiangsu Province, China

Article in press: September 14, 2015
Published online: December 21, 2015

Author contributions: Shen SS wrote the paper and collected
some of the patient’s clinical data; Li ZL administrated and
followed the patient; Zhang XQ made critical revisions of the
paper; Zou XP designed the operation; Ling TS performed the
operation and approved the publication of the paper.

Abstract

Supported by National Natural Science Foundation of China,
No. 81201908.
Institutional review board statement: The case report was
approved by the Ethics Committee of Nanjing Drum Tower
Hospital.
Informed consent statement: Informed consent was obtained
from the patient.
Conflict-of-interest statement: The authors declare no conflict
of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Ting-Sheng Ling, MD, PhD, Department
of Gastroenterology, Affiliated Drum Tower Hospital of Nanjing
University, Medical School, No. 321 Zhongshan Road, Nanjing
210008, Jiangsu Province, China. chinalts@126.com
Telephone: +86-25-83304616
Received: April 19, 2015
Peer-review started: April 20, 2015
First decision: May 18, 2015
Revised: June 15, 2015
Accepted: September 13, 2015

WJG|www.wjgnet.com

Over-the-scope clip (OTSC) system is becoming a new
reliable technique which is available for the endoscopic
closure of fistulas, bleeding, perforations and so
on. We describe the case of a patient with a nonhealing gastrocutaneous fistula after esophagectomy
for esophageal squamous cell carcinoma which was
successfully closed using an OTSC system. This is
the first report of the use of OTSC to treat a nonhealing gastrocutaneous fistula successfully after
esophagectomy. We believe our experience will give
such patients an ideal way to cure the fistula without
suffering too much and also explore new application of
OTSC.
Key words: Over-the-scope clip; Gastrocutaneous
fistula; Digestive endoscopy; Esophageal squamous
cell carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastrocutaneous fistula after esophagectomy
is infrequent, but it is notorious for the difficulty of
achieving closure. We describe the case of a patient
with a non-healing gastrocutaneous fistula after
esophagectomy for esophageal squamous cell car
cinoma which was successfully closed using an overthe-scope clip (OTSC) system. This is the first report of
the use of OTSC to treat this type of gastrocutaneous
fistula.
Shen SS, Zhang XQ, Li ZL, Zou XP, Ling TS. Over-the-scope
clip to close a gastrocutaneous fistula after esophagectomy. World
J Gastroenterol 2015; 21(47): 13396-13399 Available from:
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INTRODUCTION
Radical surgery for esophageal squamous cell
carcinoma is the first-line option for most patients,
however, refractory gastrocutaneous fistula is a
recognized complication. Here we describe the case of
a patient with a non-healing gastrocutaneous fistula
after esophagectomy for esophageal squamous cell
carcinoma which was successfully closed using an
over-the-scope clip (OTSC) system.

Figure 1 Endoscopic view of purulent secretion flowing out from
gastrocutaneous fistula in a 51-year-old man after esophagectomy for
esophageal squamous cell carcinoma.

CASE REPORT
The patient was a 51-year-old man who was dia
gnosed with esophageal squamous cell carcinoma
which was located 20-24 cm from the incisor teeth
in September 2011 and subsequently underwent
radical esophagectomy using the Ivor-Lewis method.
The pathological type was esophageal squamous cell
carcinoma with moderate differentiation and the TNM
stage was T2N1M0. Two months after surgery, he
developed a fever, systemic inflammatory response
syndrome and a gastrocutaneous fistula with purulent
secretion appearing on the left wall of his chest. The
th
fistula was located in the 6 intercostal space of the
left anterior axillary line on the chest. Endoscopy
was applied and found that the esophagogastric
anastomosis was located 18 cm from the incisor teeth
and the gastrocutaneous fistula was situated 37 cm
from the incisor teeth. The gastrocutaneous fistula
in the stomach was approximately 1 cm × 1 cm in
size and there was abscess in the fistula. Since the
complication occurred so promptly after surgery that
he did not accept any other therapies for the tumor
itself such as radiotherapy from then on. Subsequently,
he underwent drainage of the abscess with a tube
placed in the chest. Meanwhile, the patient had been
fasted and received gastrointestinal decompression
therapy and nose-jejunum nutrition support for 28
mo before coming to our hospital in February 2014.
Endoscopic titanium clip closure was attempted to
close the fistula in the stomach in January 2014 but
failed. The patient lost 40 pounds of weight before
admission to our hospital and had a low quality of life.
The reason why the patient suffered such long time
nose-jejunum nutrition may be that the fistula size
was big and could not be sealed after local drainage
and systemic antibiotic administration. Prior to any
therapeutic procedure, an endoscopy was performed
in our hospital and revealed a purulent secretion
flowing from the fistula (Figure 1). Closing the fistula
with pus may aggravate the infection, therefore no
step was taken to seal the fistula. Instead, a drainage
tube was placed in the chest. The depth of the tube in
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Figure 2 After 42-d drainage with a tube in the wall of the chest together
with gastrointenstinal decompression, antibiotic application and parenteral
nutrition, there was no obvious purulent secretion from the gastric aspect
of the fistula and the diameter of the fistula was about 1 cm × 1 cm.

the fistula was about 7 cm. One side of the tube was
placed in the remnant stomach and the other side was
on the chest. Antibiotics were administered to control
the infection. After 42 d of comprehensive treatments
and when the drainage liquid turned to clear, a second
endoscopy was performed, which revealed no obvious
purulent secretion in the fistula and the diameter of
the fistula was about 1 cm × 1 cm (Figure 2). The
gastric aspect of the fistula was successfully closed
with the 11/6t OTSC system (Ovesco Endoscopy
GmbH, Tubingen, Germany). The OTSC system was
placed on the tip of the endoscope, the margins of the
fistula were apposed with graspers, and the clip was
then deployed by using the external hand wheel and
“anchor” to allow precise alignment between the target
tissue and the applicator cap. Immediate closure of
the fistula was confirmed by the inability to flush
water through the stomach into the fistula (Figures
3 and 4A). The patient was discharged 3 d later with
semiliquid food by mouth and returned to our hospital
21 d later to check the closure of the fistula without
any symptoms. Upper gastrointestinal endoscopy
showed that the OTSC was still in place and the fistula
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Figure 3 Appearance of the over-the-scope clip device and it placed on
the tip of the endoscope.

Figure 5 Closure of the fistula was confirmed again by the inability to leak
Omnipaque through the fistula in chest wall to the stomach.

disappeared (Figure 4B). Omnipaque injected through
the endoscope verified the watertight closure of the
fistula (Figure 4C). Closure of the fistula was also
confirmed by the inability to leak Omnipaque from the
chest to the stomach (Figure 5).

A

DISCUSSION
Due to the chronic inflammation and infection in the
patient, repeat surgery would have been technically
difficult and endoscopic intervention was required in
such situation. Several methods have been described
for closing non-healing gastrocutaneous fistulas,
including endoscopic clips, fibrin glue, sutures, stents
[1]
and a combination of these techniques . Because of
the failure of the titanium clip and other traditional
methods not being suitable for this patient with a
persistent fistula, we decided to close the fistula
using the OTSC system. Its capacity of grasping more
visceral tissue and applying a greater compressive
force is thought to achieve a sturdy closure of the
[2]
gastrocutaneous fistula . There have been some case
reports about gastrocutaneous fistulas after sleeve
gastrectomy, percutaneous endoscopic gastrostomy
removal and gastric bypass sealed with the OTSC
[3-5]
device . This is the first report of the use of OTSC
to treat a non-healing gastrocutaneous fistula after
esophagectomy. The short-term closure was confirmed
in our case. However, the long-term outcome needs to
be further explored.

B

C

COMMENTS
COMMENTS
Case characteristics
Figure 4 Gastric fistula was successfully closed with the 11/6t OTSC
system. A: The gastric aspect of the fistula was successfully closed using
over-the-scope clip; B: A follow-up endoscopy on 21 d after over-the-scope clip
placement found the over-the-scope clip was still in place and the fistula was
sealed successfully; C: Closure of the fistula was confirmed by the inability to
leak Omnipaque through the stomach to fistula.
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The middle-aged male patient presented with a non-healing gastrocutaneous
fistula which was located in the 6th intercostal space of the left anterior axillary line
on the chest after esophagectomy for esophageal squamous cell carcinoma.

Clinical diagnosis

A fever, systemic inflammatory response syndrome and a gastrocutaneous
fistula with purulent secretion appeared on the left wall of the chest which was
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located in the 6th intercostal space of the left anterior axillary line.

cutaneous fistula after esophagectomy and the short-term closure was
confirmed in our case, however, the long-term outcome needs to be further
explored.

Differential diagnosis

Fistula caused by inflammatory bowel disease and subcutaneous infection.

Peer-review

Laboratory diagnosis

The notorious non-healing gastrocutaneous fistula after esophagectomy for
esophageal squamous cell carcinoma can be successfully closed using an
OTSC system.

Imaging diagnosis
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Abstract
Five types of superparamagnetic iron oxide (SPIO),

have been designed and clinically tested as magnetic
resonance contrast agents. However, until now
®
Resovist is current available in only a few countries.
The other four agents have been stopped for further
development or withdrawn from the market. Another
®
SPIO agent Ferumoxytol (Feraheme ) is approved for
the treatment of iron deficiency in adult chronic kidney
disease patients. Ferumoxytol is comprised of iron
oxide particles surrounded by a carbohydrate coat, and
it is being explored as a potential imaging approach for
evaluating lymph nodes and certain liver tumors.
Key words: Superparamagnetic iron oxide; liver; hepa
tocellular carcinoma; magnetic resonance imaging;
Resovist; Gd-EOB-DTPA; Primovist; Eovist
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Superparamagnetic iron oxide nanoparticle
for liver imaging was conceptualized when the speed
of both single-slice computed tomography (CT) scan
and multiple-slice magnetic resonance imaging (MRI)
was slow. It was difficult to accurately observe the
“wash-in” and “wash-out” of liver lesion blood flow
dynamics. However, recently spiral CT and later multislice CT revolutionized liver imaging. MRI scan is also
currently much faster due to the improved gradient
technology and fast data acquisition sequences. These
techniques increased the sensitivity and specificity of
dynamic imaging using small molecular agents such
as iodinated CT contrast agents and Gadolinium based
MRI contrast agents. Gd-EOB-DTPA-enhanced liver
MRI is currently emerging as the leading method for
diagnosis and staging of hepatocellular carcinoma.

i.e. Ferumoxides (Feridex® Ⅳ, Berlex Laboratories),
®

Fe r u c a r b o t ra n ( Re s ov i s t , B aye r H e a l t h c a r e ) ,
Ferumoxtran-10 (AMI-227 or Code-7227, Combidex
®
®
, AMAG Pharma; Sinerem , Guerbet), NC100150
®
(Clariscan , Nycomed,) and (VSOP C184, Ferropharm)
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TO THE EDITOR
I read with interest the recent systemic review on
superparamagnetic iron oxide (SPIO) for magnetic
resonance imaging of focal hepatic lesions by Li et
[1]
al . This paper further confirmed the value of SPIO
in liver magnetic resonance imaging (MRI). I hope to
make some additional comments. Five types of SPIO,
®
i.e. Ferumoxides (Feridex Ⅳ, Berlex Laboratories),
®
Ferucarbotran (Resovist , Bayer Healthcare),
Ferumoxtran-10 (AMI-227 or Code-7227, Combidex
®
®
, AMAG Pharma; Sinerem , Guerbet), NC100150
®
(Clariscan , Nycomed,) and (VSOP C184, Ferropharm)
have been designed and clinically tested as MR contrast
agent. They all have a core composed of SPIO crystals,
but have different coating materials and different
hydrodynamic size and therefore different in-vivo
[1-5]
®
pharmacokinetic profiles . Clariscan and VSOP C184
were designed for MR angiography and blood pool
[5,6]
imaging , but did not receive regulatory approval.
®
®
Combidex and Sinerem were primarily designed for
[7]
lymph node imaging. Despite initial promising data ,
the pivotal study failed to demonstrate a consistent
and statistically significant benefit for sensitivity
and failed to confirm non-inferiority with regard to
[8]
specificity . Therefore their clinical development was
[4]
®
®
stopped . Feridex and Resovist were primarily
designed for liver imaging, and received regulatory
approval in the United States and Europe respectively,
as well as number of other countries such as Japan.
®
Feridex cannot be administered as an intravenous
bolus as it may be associated with severe back pain,
®
while Resovist can be administered by fast bolus
injection, and therefore imaging of the arterial phase
is feasible. However, it has been shown that there is
no significant difference in the number of Küpffer cells
between well-differentiated hepatocellular carcinoma
[9]
(HCC) and the surrounding healthy liver tissue .
®
Another study showed how Resovist -enhanced MRI is
less efficient than Gd-BOPTA-enhanced dynamic MRI
[10]
in the detection and characterization of HCC . This
can be explained by SPIO’s inability to evaluate the
pathological vascularity of liver nodules. Due to lack
®
of clinical users, Feridex has been withdrawn from
®
the market, and Resovist is current available in only
[11]
limited countries .
SPIO for liver imaging was conceptualized when
the speed of both single-slice CT scan and multipleslice MRI was slow. It was difficult to accurately
observe the “wash-in” and “wash-out” of liver lesion
blood flow dynamics. However, recently spiral CT
and later multi-slice CT revolutionized liver imaging.
MRI scanning is also currently much faster due to the
improved gradient technology and fast data acquisition
sequences. These techniques increase the sensitivity
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and specificity of dynamic imaging using small
molecular agents such as iodinated CT contrast agents
and Gadolinium based MRI contrast agents.
®
Another SPIO agent Ferumoxytol (Feraheme ,
®
AMAG Pharmaceuticals, United States; Rienso , Europe)
has been approved for the treatment of iron deficiency
in adult chronic kidney disease patients. Ferumoxytol
is comprised of iron oxide particles surrounded
by a carbohydrate coat. The agent is taken up by
macrophages and ultimately the reticuloendothelial
system, opening the door for a potential imaging
approaches to evaluate lymph nodes and certain liver
[12]
tumors .
Several recent studies demonstrated that MRI using
hepatocyte-specific contrast agent (Gd-EOB-DTPA,
®
®
Primovist , Europe; Eovist , United States; Bayer
HealthCare) can provide better diagnostic performance
for the detection and characterization of HCCs in
cirrhotic livers than dynamic CT or dynamic MRI using
[13]
extracellular agents . Gd-EOB-DTPA-enhanced liver
MRI is currently emerging as the leading method for
[13]
diagnosis and staging of HCC .
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Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
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Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
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Abstract
Pancreatic fluid collections (PFCs) are seen in up
to 50% of cases of acute pancreatitis. The Revised
Atlanta classification categorized these collections
on the basis of duration of disease and contents,
whether liquid alone or a mixture of fluid and necrotic
debris. Management of these different types of
collections differs because of the variable quantity
of debris; while patients with pseudocysts can be
drained by straight-forward stent placement, walledoff necrosis requires multi-disciplinary approach.
Differentiating these collections on the basis of
clinical severity alone is not reliable, so imaging is
primarily performed. Contrast-enhanced computed
tomography is the commonly used modality for the
diagnosis and assessment of proportion of solid
contents in PFCs; however with certain limitations
such as use of iodinated contrast material especially
in renal failure patients and radiation exposure.
Magnetic resonance imaging (MRI) performs better
than computed tomography (CT) in characterization
of pancreatic/peripancreatic fluid collections especially
for quantification of solid debris and fat necrosis
(seen as fat density globules), and is an alternative
in those situations where CT is contraindicated. Also
magnetic resonance cholangiopancreatography is
highly sensitive for detecting pancreatic duct disruption
and choledocholithiasis. Endoscopic ultrasound is
an evolving technique with higher reproducibility for
fluid-to-debris component estimation with the added
advantage of being a single stage procedure for both
diagnosis (solid debris delineation) and management
(drainage of collection) in the same sitting. Recently
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role of diffusion weighted MRI and positron emission
18
tomography/CT with F-FDG labeled autologous
leukocytes is also emerging for detection of infection
noninvasively. Comparative studies between these
imaging modalities are still limited. However we look
forward to a time when this gap in literature will be
fulfilled.
Key words: Acute pancreatitis; Contrast-enhanced
computed tomography; Magnetic resonance imaging;
Endoscopic ultrasound; Positron emission tomography
scan; Pancreatic fluid collections; Acute necrotic
collections; Acute peripancreatic fluid collections;
Pseudocysts; Walled-off necrosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Contrast-enhanced computed tomography
is widely used imaging modality for the diagnosis
and staging of acute pancreatitis due to its excellent
capacity to demonstrate early inflammatory changes as
well as local complications including fluid collections,
However, magnetic resonance imaging may be a better
imaging technique due to its, nonionizing nature, higher
soft tissue contrast resolution, better safety profile of
intravascular contrast media, noninvasive evaluation
of pancreatic duct integrity and also has superiority
in discrimination of internal consistency of pancreatic
collections which is useful in further management
plan. Role of endoscopic ultrasound and other newer
techniques is still in evolving phase.
Dhaka N, Samanta J, Kochhar S, Kalra N, Appasani S, Manrai M,
Kochhar R. Pancreatic fluid collections: What is the ideal imaging
technique? World J Gastroenterol 2015; 21(48): 13403-13410
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i48/13403.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i48.13403

INTRODUCTION
Acute pancreatitis (AP) is an acute inflammatory
process of the pancreas characterized by auto-digestion
[1]
of pancreatic parenchyma, vasculitis and fat necrosis .
Two of the following three features are required for
diagnosis of AP: (1) abdominal pain consistent with
pancreatitis (acute onset of a persistent, severe,
epigastric pain often radiating to the back); (2) serum
lipase activity (or amylase activity) at least three
times greater than the upper limit of normal; and
(3) characteristic findings of acute pancreatitis on
contrast-enhanced computed tomography (CECT) and
less commonly magnetic resonance imaging (MRI) or
[2,3]
trans-abdominal ultrasonography .
Morphologically AP can be of two types: inters
titial edematous pancreatitis (IEP) and necrotizing
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pancreatitis (NEP). IEP constitutes a diffuse (or
sometimes localized) enlargement of the pancreas due
to inflammatory edema and it usually resolves within
[4]
the first few days . On the other hand necrotizing
pancreatitis which is seen in about 5%-10% of
patients, commonly manifests as necrosis involving
both pancreatic and peripancreatic tissues and less
commonly involving only the peripancreatic tissue, and
rarely of the pancreatic parenchyma alone. Necrosis
develops early in the course of severe pancreatitis and
usually well establishes by 96 h after onset of clinical
[5]
symptoms .
The basis of defining morphological classification
and local complications in Revised Atlanta classification
is CECT. Recent studies have shown that MRI and
EUS are better imaging for quantification of solid
debris which is the basis for deciding management
strategies, and may replace CT in future. Role of the
newer technique such as diffusion-weighted MRI (DWIMRI) and positron emission tomography (PET) CT in
the severity assessment and detection of infection
noninvasively is still to be established. This editorial is
to review the role of all available imaging modalities in
differentiating PFCs in patients of AP.

LOCAL COMPLICATIONS OF AP
[6]

As per the Revised Atlanta classification local
complications of AP comprises of acute peri-pancreatic
fluid collections (APFCs), pancreatic pseudocysts, acute
necrotic collections (ANCs) and walled-off necrosis
(WON). Other local complications include gastric outlet
obstruction, splenic and portal vein thrombosis and
colonic necrosis.

APFCs

They usually develop in early stage of disease,
and establish its borders with retroperitoneum and
[6,7]
adjacent organs . They can be single or multiple,
but their contents are typically homogenous, sterile
and lack wall of inflammatory or granulation tissue.
Patients with APFCs are asymptomatic and treatment
is usually unnecessary. Most of these collections
[7,8]
resolve on their own . If they do not resolve within a
month, they evolve in to pancreatic pseudocysts (which
is rarely seen during disease course).

Pancreatic pseudocysts

Pseudocyst is a fluid collection with homogenous
internal fluid contents, but without any solid material
and enclosed by a clear wall of fibrous tissue. It
usually arises from main pancreatic duct or its intrapancreatic branch disruption resulting in leakage of
pancreatic juice; hence high amylase levels are seen
[6]
in aspirated fluid from these cysts . It is rarely seen
following acute pancreatitis except in setting of a
[9]
disconnected duct syndrome and following surgical
necrosectomy.
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ANCs

These collections are seen in the setting of necroti
zing pancreatitis (within first 4 wk) and consist of
inhomogeneous mixture of liquefied, necrotic fatty
tissue along with solid pancreatic and extra-pancreatic
debris. They can be single or multiple, and are
sometimes multiloculated. Differentiating ANC from an
APFC may be difficult in the first week of the disease.
With passage of time, parenchymal necrosis becomes
more obvious, which aids in the distinction between
these two. They may gradually resolve, persist as walloff necrosis or may get infected in course of disease.

is comparable to that of endoscopic ultrasound and
magnetic resonance imaging in patients with WON
for delineation of solid debris but with its limitations in
[12]
presence of air or high solid content .
Advantages of this method are its portable
character, high accessibility (cheap equipment, lack
of invasion) and dynamic character in real time.
Limitations are operator dependence and inability to
reproduce images. It cannot replace more efficient
examination methods such as CT/MRI especially in
case when parenchymal necrosis has to be detected or
when the patient suffers from high meteorism.

WON

Role of CECT

Necrotic tissues surrounded by enhancing inflam
matory walls are referred as WONs and evolve from
ANCs after 4 wk of necrotizing pancreatitis. They
can be confined to the pancreatic tissue or at times
be away from the pancreas. WONs can be sterile or
[6]
infected as well as solitary or multiple .

ROLE OF IMAGING
Imaging helps in the diagnosis of clinically suspected
AP or suggesting alternative diagnosis. It also helps
in determination of the cause of pancreatitis like
biliary duct obstruction or structural abnormalities.
Additionally, imaging can be utilized for assessment of
the severity of the disease by identifying pancreatic or
peripancreatic necrosis and complications. It has an
essential role in classifying fluid collections especially
in differentiating APFCs from ANCs and pseudocysts
from WON, as presence or absence of solid or necrotic
debris in a fluid collection has direct bearing on the
outcome as well as on the choice of management
strategy.
The choice of appropriate imaging modality depends
on the reason for investigation, clinical symptoms, time
of onset of symptoms and lab findings.

Role of transabdominal ultrasonogram

Ultrasonogram (USG) is a widely available, cheap,
non-invasive investigation and can be repeated as
often as necessary. Pancreas visualization using USG
is feasible in 75%-93% of patients irrespective of
[10]
weight or overlying bowel gas , It also helpful in
identification of biliary lithiasis, exclusion of other
causes of acute abdominal pain (medical or surgical)
and for separation of severe AP from mild or moderate
which is interpreted along with clinical and biochemical
parameters. American College of Gastroenterology
recommended that trans-abdominal ultrasound should
be performed in all patients with AP (strong recom
[11]
mendation, low quality of evidence) .
USG is also helpful in monitoring the evolution of
fluid collections, which occur as a result of AP, and in
guiding diagnostic and therapeutic interventions. A
recently published study showed that USG accuracy
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CECT is the widely used imaging modality in AP for
the diagnosis, severity assessment and morphological
classification. It also provides information on presence
of collections and their size along with its wall thickness
and internal debris. CT is an ideal technique to guide
[13]
percutaneous aspiration and drainage procedures .
Revised Atlanta classification recommended
CECT to be done at 5 to 7 d of pancreatitis for more
reliably establishing the necrosis which is easily
[9,14]
underestimated by immediate CT
. CECT criteria
are used to subdivide AP into two types: IEP and NEP.
The criteria for identification of the IEP are relatively
homogeneous enhancement of pancreatic parenchyma
with mild haziness or peripancreatic fat stranding,
whereas lack of pancreatic parenchymal enhancement
[6]
or necrosis of peripancreatic tissue suggest NEP .
Distinction between these two types is important
as studies have shown an significant relationship
of necrosis with local or systemic complications,
[8,15,16]
hospital stay and death
. The role of recently
developed radiological scoring systems based on
organ dysfunction and SIRS are also promising in
[17-19]
determination of severity and early stratification
.
Additionally local complications of AP are also defined
[6]
based on CECT . APFCs appear as homogenous
collections with low attenuation value without welldefined walls, whereas ANC are heterogeneous
collections with varying degree of non-liquid density
and without well defined walls. Both these entities
usually occur within 4 wk. Later on with progressive
liquefaction of pancreatic and/or peripancreatic
necrosis, ANC becomes organized and walled-off and
termed as WON. The latter appears as heterogene
ous collection with both solid and liquid density on
[16,20]
CECT
. On the other hand pseudocyst appears as
encapsulated collection of homogeneous fluid density
with only liquid component.
Role of CECT in predicting local complications in
patients with pancreatic necrosis was evaluated in
a prospective study, in which multivariate analysis
identified that the degree of pancreatic necrosis
and presence of peripancreatic necrosis predicted
the development of infected pancreatic necrosis;
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whereas transparenchymal necrosis with upstream
viable pancreas and no peripancreatic necrosis were
[21]
associated with pseudocyst development . Heiss
[22]
et al
studied the correlation between various
morphologic features on CECT with the outcome in
a retrospective study of 80 patients with severe AP
requiring percutaneous drainage therapy and found
that the pancreatic parts exhibiting necrosis (head,
body, tail) and the presence of distant fluid collections
(posterior pararenal space and/or paracolic gutter) had
a significant correlation with mortality. Mortality was
42% if two or all three parts had necrosis whereas it
was 20% when none or only one part of the pancreas
exhibited necrosis. On basis of presence or absence
of distant fluid collections it was 46% and 22%,
respectively.
Differentiating WON from pancreatic pseudocyst
when visible pancreatic necrosis seen in the initial
CECT, is usually not difficult. It is important to note that
the necrosis of peripancreatic tissue alone however
with normal enhancing pancreas can also develop
into WON. Since management of these different types
of collections differs, distinguishing between these
is vital. Pancreatic pseudocysts can be managed
easily by endoscopic methods of simple drainage;
however patients with WON require more aggressive
endoscopic techniques such as larger tract dilation,
placement of multiple stents, aggressive irrigation, and
debridement of necrotic tissue by direct endoscopic
[23,24]
necrosectomy (DEN) or surgical necrosectomy
.
Recent Studies have shown that EUS-guided drainage
using a large-bore fully covered biliary self-expandable
tubular metal stent or biflanged metal stent can
also provide sufficient drainage, and quick fistula
[25-27]
formation
. The factors determining outcome of
standard endoscopic drainage in patients with WON
are proportion of solid debris and size of collection.
Patients with less than 10% solid debris usually require
a one-time endoscopic drainage; multiple sessions
are required in patients with 10%-40% solid debris.
Patients with > 40% solid debris either need direct
[28]
endoscopic or surgical necrosectomy .
Thus CT imaging helps in delineation of morphology
of fluid collections and quantification of the presence
of solid debris and fat necrosis (seen as fat density
globules) to assess the presence of drainable fluid
before intervention.
Although there is no consensus on which imaging
modality should be preferred for assessment of
organized PFCs, CECT is commonly used in sympto
matic collections and for planning therapeutic inter
[29]
ventions. Takahashi et al
retrospectively studied CT
of 73 patients with PFCs (45 WON, 28 pseudocysts)
to differentiate WON from pancreatic pseudocysts. CT
score was also calculated for each PFC. Radiographic
features that favored WON included larger size,
extension to paracolic or retrocolic space, an irregular
border, presence of fat attenuation and debris in the
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PFC, presence of pancreatic parenchymal deformity
or discontinuity, and the absence of dilation of the
main pancreatic duct. CT could differentiate WON
from pseudocysts, using a CT score of ≥ 2, with an
accuracy of 79.5%-83.6%.
The main limiting factors for CECT are ionizing
radiation, use of iodinated contrast material especially
in patients with renal failure or contrast allergy and
moderate sensitivity in identifying gallstones and biliary
[30]
stones . The above limiting factors can be overcome
by using MRI.

Role of MRI

Similar to CT, MRI can be also used for the diagnosis
and severity grading in AP. MR severity index (MRSI)
significantly correlated with Ransons score, CTSI,
C-reactive protein levels, duration of hospitalization
[31]
and clinical outcome . It may represent a better
imaging technique due to nonionizing nature, higher
soft tissue contrast resolution, and better safety profile
of intravascular contrast media. Newer innovations
in MRI such as the use of phased-array coils, parallel
[32]
imaging, triggering techniques
or motion resistant
sequences allow for improved spatial resolution and
[33]
faster acquisition times making it more practical .
MRI also has a role in noninvasive evaluation of
peripancreatic soft tissue, pancreatic ductal system
and vascular network in a single examination. The
concurrent use of secretin improved the diagnostic
[34]
yield of MRCP in the evaluation of the PD integrity .
Acute fluid collections on MR examination are hy
pointense on T1WI and homogeneously hyperintense
on T2WI if the contents are serous; if bleed occurs it
appears as hyperintense on T1WI (more evident with
fat-suppressed sequences). Simple pseudocysts are
hypointense on T1WI and homogeneously hyperintense
on T2WI. Their wall enhances slightly in early phases
and progressively increases in subsequent phases
due to its fibrotic nature; multiplanar MR acquisition
improves the visualization of its relationship with
surrounding organs. WONs are heterogeneous on T2WI
(due to the presence of necrotic debris, bleeding or
infection), with proteinaceous fluid contents arranged
in layers (liquid-liquid level): the necrotic debris may
appear as irregularly shaped regions of low signal
intensity within the necrotic collections. Breathing
independent T2-weighted sequences such as singleshot echo-train spin echo are useful to evaluate these
necrotic collections.
The main advantage of MRI relative to CECT in the
evaluation of peripancreatic fluid collections is easier
[35]
appreciation of solid debris with MRI . A prospective,
blinded study compared MR findings with CT and USG
to depict solid debris within pancreatic collections
prior to intervention. The sensitivity and specificity
values, for the prediction of actual drainability were:
MR imaging, 100% and 100%; CT, 25% and 100%;
[36]
US, 88% and 54% respectively . Another recently
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published study assessed the reproducibility of CT and
MRI findings for debris assessment and presence of
ductal communication in patients with symptomatic
organized PFCs and found that MRI was superior to
CECT for the inter-reader agreement on complexity of
pancreatic collections, Also pancreatic duct disruption
[37]
exclusion can be done more confidently on MRI .
Diffusion weighted MRI (DWI-MRI) is a new MRI
technique based on diffusion of water protons in vivo
which is related to the Brownian motion of water
molecules within the tissues. DW-MRI yields apparent
diffusion coefficient (ADC) as a quantitative parameter.
In the literature, limited number of studies have
demonstrated successful application of DW-MRI in
[38]
pancreatic diseases. Yencilek et al
reported that
DWI-MRI and ADC values are helpful in the diagnosis
of all subgroups of acute pancreatitis even grade A
patients in whom usually there is lack of CT findings.
DWI-MRI in AP has been recently evaluated in two
studies. One study compared CECT with DWI-MRI in
detection of infection and found that sensitivity and
accuracy of latter were higher than CT for detection
[39]
of infection . Another study on use of DW-MRI to
differentiate different degrees of severity of AP, showed
that DW-MRI is a compatible and safe image option to
differentiate tissue image patterns between patients
with normal pancreas, mild AP and necrotizing AP,
particularly in those with contraindications to contrastenhanced MRI (which is classically required for
[40]
determining the presence of necrosis) or CT .
Another advantage of MRI over CT is identification
of PD disruption which is commonly associated
with central gland necrosis. Endoscopic retrograde
cholangiopancreatography (ERCP) remains the gold
standard for detection of PD disruption but is limited
by its invasive nature and potential complications such
as post-ERCP pancreatitis. MRI/MRCP may serve as
a first line of investigation for treatment planning of
symptomatic PFCs to assess drainability and pancreatic
[34]
[41]
duct integrity . Drake et al
showed that MRCP
achieved 95% accuracy in detecting pancreatic duct
disruption; thus helps in identifying patients who might
benefit from early treatment by bridging the duct. MRI
also helps in differentiating fluid collections secondary
to pancreatitis from other cystic neoplasms.
Therefore, the logic of using MRI over CT in AP
hinges on the following points: (1) this imaging
method is without radiation hazard so safe in patients
with AP requiring repeated imaging; (2) comparable
to CT in demonstrating the presence and extent of
necrosis, the presence, site, size and extent of PFCs,
but better than CT in assessment of the debris content
and drainability of these collections; (3) although
the definitive evidence of aggravation of pancreatic
injury with the use of iodinated contrast used in CT is
debatable, yet evidence of a similar injury from use of
Gd-DTPA for MRI does not exist; thus MRI appears to
be a safer option in this respect; (4) PD integrity can
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better appreciated in MRCP; and (5) upcoming role
of DWI-MRI has given hope for early and noninvasive
detection of infected collections in future. The main
limiting factor for MRI and its advanced techniques is
high cost.

Role of EUS

With a close propinquity of the EUS probe to the
pancreas and better spatial resolution than CT or MRI,
EUS has emerged as an invaluable tool for assessment
of pancreatobiliary diseases. Moreover, EUS is a
minimally invasive procedure with relatively less
complication rate compared to ERCP. However data
regarding the role of EUS in AP is limited.
The increasing usage of EUS for drainage of PFCs
has thrown more light on the important diagnostic
role which it could define prior to the drainage. Solid
debris in collections can be better delineated on EUS
even when CT fails to do so. Apart from identifying
the small collections behind the gaseous bowel loops
and presence of vascular abnormalities within the
wall of fluid collection at the site of drainage, EUS
always fares better in defining the solid debris and its
proportion as a constituent of fluid collections. This
information provided by EUS plays an important role
in selecting drainage procedure. MRI also provides
similar information on solid debris and the results
[12]
were comparable to EUS in a recent paper . EUS
has the best accuracy in characterizing peripancreatic
collections prior to endoscopic intervention which can
alter the management decision in up to one third of
patients because of alternate diagnosis or by identifying
anatomical and vascular factors precluding endoscopic
[42,43]
management
. The largest randomized trial
comparing different techniques demonstrated a 91%
success rate with employment of EUS, compared with
[44]
72% when not used . However the disadvantages
of EUS are the requirement of monitored anesthesia
care, need for expert endo-sonographer, operator
dependence, and interobserver variability, inability to
characterize in presence of air and difficult to perform
in sicker patients with respiratory distress which these
patients usually are.
In our experience with pancreatic fluid collections
using EUS and CT, solid debris was detected on CT in
only 32% fluid collections, whereas EUS delineated
solid debris in 92% fluid collections. The amount of
solid debris, graded as minimal (< 10%), moderate
(10%-50%) and profound (> 50%), was compared
between different types of fluid collections, need for
intervention and modality of intervention. While the
majority of ANCs (72.2%) had profound solid debris,
majority of WONs (62%) had only moderate solid
debris (P < 0.001). Of the three pseudocysts labelled
on CT, one had moderate (30%) solid debris on EUS
(missed on CT). Amongst WONs, need for intervention
was present in all patients with profound solid debris,
in 40% with moderate solid debris and in none with
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[45]

minimal solid debris . This delineates the importance
of EUS in further management planning.

3

Role of PET scan

Recently, we have in a pilot study evaluated role
of ammonia PET-CT (PET images after intravenous
13
injection of NH3) in diagnosing and quantifying
pancreatic necrosis. We found good agreement
with CECT and good interobserver acceptability and
concluded that ammonia PET can be an alternative
to CECT with minimal radiation burden especially
[46]
in patients with renal failure . However the main
limiting factors are limited availability and cost as
compared to other imaging techniques.
Role of radionuclide-labeled leukocyte scintigraphy
PET scan as noninvasive modality for diagnosing
infected collection has also been evaluated in
recent studies as an alternative to image guided
FNAC. Earlier these studies were limited to gamma
camera scintigraphy with leukocytes labeled with
99m
111 In or
Tc in which image quality and resolution
were unsatisfactory. However feasibility of labeling
18
leukocytes in vitro with F-FDG has given a possible
way to overcome these limitations. We have used
18
PET/CT with F-FDG labeled autologous leukocytes
to detect infection in pancreatic or peripancreatic
fluid collections in 41 patients with AP and compared
with microbiologic culture of aspirated fluid from the
collection and showed 100% sensitivity, specificity,
and accuracy of the scan (in 35 patients in whom
fluid culture reports were available). We feel that that
this technique is a reliable, accurate and noninvasive
imaging modality for detection and localization of
[47]
infection in patients with fluid collections .

4

5
6

7

8

9

10
11

12

CONCLUSION
CECT has traditionally been accepted as the method
of choice for imaging PFCs in clinical practice, however
recent studies have reported a higher accuracy rate
with MRI and EUS as compared to CECT especially
in quantification of solid debris. This has led better
understanding of the natural history of PFCs. Com
parative data between these different modalities are
still lacking and require further studies.
Furthermore advances in cross-sectional imaging
18
technique such as DWI-MRI and PET/CT with F-FDG
labeled autologous leukocytes may have promising
role in early detection of fluid infection by noninvasive
means in near future.
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Abstract
The historic suggestion that Mycobacterium avium
subsp. paratuberculosis (Map ) might be a zoonotic
pathogen was based on the apparent similarity of
lesions in the intestine of patients with Crohn’s disease
(CD) with those present in cattle infected with Map ,
the etiological agent of Johne’s disease. Reluctance
to fully explore this possibility has been attributed to
the difficulty in demonstrating the presence of Map in
tissues from patients with CD. Advances in technology
have resolved this problem and revealed the presence
of Map in a significant proportion of patients with CD
and other diseases. The seminal finding from recent
investigations, however, is the detection of Map in
healthy individuals with no clinical signs of disease. The
latter observation indicates all humans are susceptible to
infection with Map and lends support to the thesis that
Map is zoonotic, with a latent stage of infection similar to
tuberculosis, where infection leads to the development
of an immune response that controls but does not
eliminate the pathogen. This clarifies one of the reasons
why it has been so difficult to document that Map is
zoonotic and associated with the pathogenesis of CD
and other diseases. As discussed in the present review, a
better understanding of the immune response to Map is
needed to determine how infection is usually kept under
immune control during the latent stage of infection
and elucidate the triggering events that lead to disease
progression in the natural host and pathogenesis of CD
and immune related diseases in humans.
Key words: Crohn’s disease; Johne’s disease; Mycobacterium
avium subsp. paratuberculosis ; Animal model; Monoclonal
antibodies; Flow cytometry; Cytokines
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is the detection of Mycobacterium avium subsp.
paratuberculosis (Map ) in healthy individuals with

no clinical signs of disease. The latter observation
indicates all humans are susceptible to infection
with Mycobacterium avium subsp. paratuberculosis
(Map ) and lends support to the thesis that Map is
zoonotic, with a latent stage of infection similar to M.
tuberculosis , where infection leads to the development
of an immune response that controls but does not
eliminate the pathogen. This clarifies one of the
reasons why it has been so difficult to document that
Map is zoonotic and associated with the pathogenesis
of Crohn’s disease and other diseases.
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INTRODUCTION
A controversy has persisted since the initial suggestion
that Map may be a zoonotic pathogen and the
causative agent of Crohn’s disease (CD). Map is a
mycobacterial pathogen with a broad host range that
[1]
can infect many species . The primary hosts are
ruminants. It was initially diagnosed as the causative
agent of Johne’s disease (JD), a chronic enteritis in
[2]
cattle . The similarities in the clinical manifestations
[3]
[4]
of JD with CD led Dalziel et al and later Crohn et al
[1]
to suggest Map may be the causative agent of CD .
[5]
As reviewed comprehensively by Naser et al and
[6]
Gitlin et al , the debate continues. The reluctance to
fully explore the issue of whether Map is associated
with the pathogenesis of CD has been the difficulty
in isolating Map from all patients with CD. Chiodini
[7-9]
et al
were the first investigators to successfully
isolate Map from 3 patients. Initial attempts by others,
however, proved unsuccessful raising questions
as to the role of Map in the pathogenesis of CD.
Even with improvements in technology, success in
detection of Map has varied with some investigators
more successful than others in isolating Map from
patients with CD. Sufficient evidence, however, has
been obtained over recent years to clearly show
that many patients with CD are infected with Map.
Investigations have revealed the presence of Map or
Map DNA in blood or lesions from adults and children
[10-16]
with CD
. Of special interest, Map has also been
found in patients with other diseases as well as healthy
[17-20]
subjects using several methods of detection
. A
study long overdue, has now been conducted by Singh
[21,22]
et al
. The study was conducted in India. It was
designed to examine the level of infection in humans
where Map is endemic in livestock and the general
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environment. They obtained specimens of blood,
serum and stool from 42400 patients, submitted to
pathology laboratories and hospitals in different areas
of India, where Map is endemic, for evaluation over
a span of two plus years. The samples were from
patients presenting with a spectrum of infectious and
non-infectious diseases including typhoid, TB, malaria,
skin disorders, type 1 diabetes, anemia, thyroid, ion
imbalance, abdominal disorders, lipid profile disorders,
and intestinal inflammatory illness of different origins.
They also collected samples from healthy individuals.
Map was detected in all categories of patients at
different frequencies, including healthy individuals,
reflecting the consequence of large scale exposure of
the resident populations to Map in the environment,
infected animals and the food supply. The predominant
biotype of Map detected in the samples was the bison
type prevalent in livestock. The results clearly show,
humans like other species, are equally susceptible to
infection with Map regardless of health status. It can
be predicted that any further large scale screening will
provide similar results with the frequency of infected
individuals dependent on the prevalence of Map in
[23]
the environment and presence in food supplies .
The question remaining and reason for the unending
debate is, “is Map a zoonotic pathogen and if so,
what role does it play in the pathogenesis of CD and
other diseases?” The answer is yes for at least a
subset of patients presenting with the clinical signs
[5,24]
of CD
. Koch’s postulates were actually fulfilled in
[25]
subsequent studies by Chiodini el al
where he and
his associates demonstrated that passage of one of
the first human isolates of Map in kid goats led to the
development of enteritis similar to the enteritis in CD
and JD. A later investigation of an enteritis in a colony
of stumptail macaque (Macaca arctoides) revealed
Map was the causative agent, the first report showing
the susceptibility of non-human primates to infection
[26]
with Map . The study was the first to show that Map
could be isolated from feces as an acid fast bacillus,
extending what was known about the host range of
species susceptible to infection with Map. The ensuing
studies have shown Map isolated from patients with
CD may be present in affected tissues with or without
[9]
the mycobacterial cell wall , a characteristic of
[27]
other mycobacterial pathogens . Studies of healthy
individuals and patients with clinical signs of CD and
other diseases have shown Map, with an intact cell
[22]
wall, can be detected in blood, tissues, and feces .
Cell wall deficient forms have also been found in
[28]
tissues from animals with JD .

ROLE OF Map IN CROHN’S AND OTHER
DISEASES
The difficulty in elucidating the role of Map in CD and
other diseases has been the lack of understanding
of the mechanisms of pathogenesis of JD. Map, like
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other pathogenic mycobacteria doesn’t cause epidemic
disease, where all infected animals develop clinical
disease. This is similar to tuberculosis in humans where
infection leads to the development of an immune
response that controls but does not clear infection.
Only an estimated 10% of individuals infected with
Mtb develop clinical disease. Disease progression is
associated with a breakdown in protective immunity.
Intensive ongoing investigations have not yet identified
the triggering events associated with disruption
of protective immunity during the latent stage of
infection. No comprehensive studies have been
conducted on the immune response to Map in humans.
However, the presence of an immune response to Map
in patients with clinical manifestations of CD and the
presence of antibody to Map in healthy individuals and
patients with various diseases show exposure leads to
[22,29,30]
development of an immune response to Map
.
The detection of Map in blood and affected tissues
shows that infection persists providing a constant
stimulus to the immune system.

Map as a model pathogen to study the mechanism of
immunopathogenesis of mycobacterial pathogens

There are two ways Map could contribute to the
pathogenesis of diseases in humans. The first is as
the etiologic agent of CD, where there is a breakdown
of immunity present during the latent stage of
infection, similar to the breakdown that occurs with
[5,24,31]
tuberculosis
. The second is through mimicry
where mimics of proteins present in humans are
produced by Map that interfere with immune function
and or elicit development of cross-reactive antibodies
[32,33]
associated with autoimmune diseases
.
For ethical reasons much of the information
needed to elucidate the role of Map in pathogenesis
of CD and other diseases can’t be obtained through
investigations conducted with human subjects.
The alternative is the use of cattle, the natural host
of Map, as a model species to study the role of
Map in the immunopathogenesis of CD and other
diseases. The added advantage is that it affords an
opportunity address the broader problem, the need to
elucidate the mechanisms of immunopathogenesis of
mycobacterial pathogens in general. The similarities in
latency suggest the pathogens use the same signaling
pathways to dysregulate the immune response and
establish a persistent infection that eventually, over
time, leads to a complete breakdown of protective
immunity and development of clinical disease. The
unique advantage of using Map to explore this
possibility is that it can be used to study the interaction
of the pathogen with the host at all stages of infection.
Our studies have been based on the premise that Map
is a zoonotic pathogen that is the etiologic agent of a
[5,24,31]
subset of patients with CD
and that it plays a role
[22,32]
in pathogenesis of other disease through mimicry
.
To provide some background and a review of the
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current status of knowledge on the mechanisms of
immunopathogenesis of JD in cattle, we became
interested in the potential role of Map in CD when
limited information was available on the immune
response to Map in cattle. Progress was limited by the
lack of immune reagents needed to characterize the
immune system in cattle and study the cell mediated
immune response to Map. Studies in dairy herds had
shown the disease is characterized by a long latency
period, where infected animals were difficult to detect
by available diagnostic techniques during the initial
stages of infection. Some animals could be detected
by development of cell mediated immunity using the
[1]
tuberculin skin test (reviewed in ). At later stages
of infection, infected animals could be detected by
intermittent shedding of Map in feces. Persistent
shedding was associated with development of clinical
disease where the absorptive mucosa of the intestine
is destroyed, leading to death by starvation. The
long latency suggested that Map could be passed
through the gastrointestinal system without infecting
all animals and constant exposure was needed for
infection to occur. The latency also suggested that
there was an age related difference in susceptibility
to infection, with older animals more resistant to
infection than young animals. Development of immune
reagents to characterize the immune system of cattle
and a flow cytometric assay provided an opportunity to
begin analyzing the immune response to Map ex vivo
and determine whether there was an age difference in
susceptibility to infection and whether it was possible
[34-36]
for “pass through” of Map without infection
.
Studies in neonatal calves revealed exposure
[36]
through application of Map to tonsillar crypts
or
by ingestion of Map in milk supplement, leads to
uniform infection in all animals and development of a
lymphoproliferative response ex vivo to Map purified
protein derivative (PPD) and soluble Map antigens
+
(Ag) dominated by memory CD45R0 CD4 T cells
[34]
5 mo post infection (PI) . Peripheral colonization
of tissue was detected in some tissues at necropsy,
with some bacteria detectable in feces in the initial
[36]
study . In the second study, no gross or microscopic
lesions were detectable in intestinal tissue at necropsy
one year PI, with Map detectable in some tissues by
[34]
PCR . A surgical intervention model used to directly
inoculate the ileum showed Map is taken up rapidly
and disseminated to other tissues within an hour PI.
A proliferative response was detected by 9 mo but no
[37]
humoral response . Development of a cannulated
ileum model allowed us to continuously monitor the
early stages of infection in experimentally infected
[35]
calves for up to 18 mo PI (Figure 1) . Use of the
model showed bacteria directly introduced into the
ileum, once or multiple times over several days, were
rapidly cleared with detection of bacteria in feces only
during the first weeks PI. No gross or microscopic
lesions were found in biopsies during the 18 mo of
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A

C

B

D

Figure 1 Early stages of infection in experimentally infected calves for up to 18 mo post infection. Pictures showing the cannula used in the studies (A and B);
Endoscopic field showing the condition of ileal mucosa 8 mo following infection with Map (C); Endoscopic field taken before necropsy of a naturally infected animal
showing the characteristic swelling and corrugation of the ileal mucosa that occurs at the clinical stage of infection (D). Modified from[35,38]. Map: Mycobacterium avium
subsp. paratuberculosis.

the studies. However, Map was detected by PCR
with IS900 and culture of some tissues. An immune
response was detected using a flow cytometric assay
[35]
at 3 mo . A subsequent study, with the cannulation
model, was focused on determining whether passage
of Map in humans altered their capacity to infect the
natural host and establish a persistent infection. Two
of the original isolates obtained from humans by
[7]
Chiodini et al (Linda and Ben) were used to compare
the capacity of isolates from humans and cattle to
infect calves. The comparison revealed no difference
in infectivity or the immune response to the bovine
[38]
or human isolates of Map . Sequence analysis of
the human isolate obtained from tissue had identical
single sequence repeat as the original isolate, 7g-4ggt,
[39]
a sequence common in isolates from cattle . This
observation indicates it will not be necessary to use
human isolates of Map to model mechanisms of
persistence and pathogenesis in cattle.

MECHANISMS OF IMMUNE EVASION
AND IMMUNOPATHOGENESIS
The early events of infection by pathogenic mycobacteria
that lead to the development of an immune response
that controls but fails to eliminate the pathogen
remain to be elucidated. Also, the triggering events
that disrupt protective immunity have not been
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identified. Efforts to breakdown the immune response
to Map in cattle and accelerate progression to clinical
disease have revealed the immune response to Map is
resilient. Exposure of calves to massive doses of Map
by different routes or administration of dexamethasone
to alter the immune response to Map did not modulate
[40]
the immune response to Map . In addition, transient
depletion of CD4 T cells in calves with a monoclonal
antibody to CD4 did not impair the development of an
immune response to Map or accelerate progression to
[41]
clinical disease . Under all conditions tested, including
exposure at birth, an immune response develops that
controls but does not clear infection. These observations
suggest a similar resilient response also occurs in
the majority of humans exposed to Map that do not
develop clinical disease. The challenge that remains
is identifying the factors that trigger a breakdown in
protective immunity.
Thus far, analysis of the immune response to Map
has shown the cellular response, under experimental
conditions, is characterized by development of an
+
immune response dominated by CD45R0 memory
CD4 T cells using live Map, Map PPD, and soluble
[34,35,38]
Map Ags
. Although a CD8 T cell response
also develops, the proliferative response to Map ex
vivo is less than the proliferative response of CD4 T
cells. The response increases over time, however.
In a comparative study, the CD8 T cell proliferative
response was equivalent to the response observed
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with naturally infected animals at the clinical stage
[38]
of infection . qRT-PCR showed interferon (IFN)-γ,
interleukin (IL)-17, and IL-22 gene expression was upregulated to equivalent extent in experimentally and
[38]
naturally infected animals .
Ongoing efforts to develop a vaccine have provided
additional information on the immune response to
Map and an approach for elucidating how Map and
mycobacterial pathogens dysregulate the immune
response to establish a persistent infection. We used
site directed mutation to develop 3 mutants to genes
[42,43]
associated with virulence (relA, lsr2, and pknG)
as part of a multi-institutional endeavor to identify
[44]
deletion mutants as vaccine candidates . Mutants,
made by other investigators, selected for challenge
studies in mice and goats based on reduced capacity
to survive in macrophages were unsuccessful. All
[44]
the mutants were able to establish an infection .
In contrast, one of the mutants we selected for a
challenge study in goats and calves, ΔMap-relA, was
unable to establish a persistent infection in goats
[45]
and calves . Further analysis in calves showed no
clear difference in the proliferative response to Map
antigens. The increases in expression IFN-γ, IL-17,
and IL22 were comparable indicating more in depth
studies are needed to determine how deletion of relA
abrogates the capacity of Map to establish a persistent
infection.
The last observation of interest is on the effect
of therapeutic vaccination with BCG on the immune
response to Mtb in guinea pigs and humans at the
[46]
clinical stage of infection made by Koch . Vaccination
led to a reversal of pathology, showing the triggering
events associated with a breakdown in protective
immunity, could be reversed by vaccination. Although
subsequent studies revealed vaccination only led to
a transient reversal, the observation is of interest
because studies of vaccination at the clinical stage
of infection could reveal which components of the
immune response are restored that account for a
reversal of pathology. Similar observations have been
[47,48]
made more recently by Singh et al
with Map in
goats and cattle. Although the results looked very
promising, reversal of pathology was transient with no
improvement even with repeated vaccination (personal
communication). The important observation made
[46]
[47,48]
by Koch et al
and Singh et al
is that reversal
of pathology was associated with an increase in the
inflammatory response following vaccination that
resolved lesions containing infected cells. Map affords
an opportunity to explore the cellular and molecular
basis for this phenomenon. A preliminary test with a
cow at a late clinical stage of infection, with an anergic
response to a skin test with Map Ag and a diminished
proliferative response to Ag ex vivo, showed vaccination
with ΔMaprelA restored the proliferative response to
Map. With the cannulation model it will be possible to
isolate affected tissue before and after vaccination for
analysis and characterize the effector cells restored by
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vaccination and characterize their effector activity.

CONCLUSION
Cumulative studies clearly show humans, like other
species, are equally susceptible to infection with
[22]
Map . This places the whole populations at risk of
infection, depending on the prevalence of Map in the
[22,23]
environment and food supply
. Ongoing studies
have shown CD may contribute to the pathogenesis of
disease in humans as the etiologic agent of a subset of
[5]
[32]
patients with CD and through antigenic mimicry .
Use of the natural host as a model, to understand the
immunopathogenesis of CD mediated by Map, has
provided opportunity to gain insight into the immune
response to Map in humans during the early, latent,
and clinical stages of infection that cannot be obtained
through study of Map in humans, except at the
[29]
clinical stage of infection . Analysis has shown the
immune response during the latent stage of infection
is resilient and not readily disrupted by methods of
[40,41]
immunosuppression
. The components of the
immune response to Map that control infection during
latency remain to be elucidated. The development of
a mutant that cannot establish a persistent infection
offers 2 opportunities to identify these components,
one through analysis of the early stages of infection
and the second through analysis of the immune
response following restoration by vaccination at the
clinical stage of infection.
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Abstract
Although the incidence of hepatolithiasis is decreasing

as the pattern of gallstone disease changes in Asia,
the prevalence of hepatolithiasis is persistently high,
especially in Far Eastern countries. Hepatolithiasis
is an established risk factor for cholangiocarcinoma
(CCA), and chronic proliferative inflammation may be
involved in biliary carcinogenesis and in inducing the
upregulation of cell-proliferating factors. With the use
of advanced imaging modalities, there has been much
improvement in the management of hepatolithiasis and
the diagnosis of hepatolithiasis-associated CCA (HLCCA). However, there are many problems in managing
the strictures in hepatolithiasis and differentiating
them from infiltrating types of CCA. Surgical resection
is recommended in cases of single lobe hepatolithiasis
with atrophy, uncontrolled stricture, symptom duration
of more than 10 years, and long history of biliaryenteric anastomosis. Even after resection, patients
should be followed with caution for development of
HL-CCA, because HL-CCA is an independent prognostic
factor for survival. It is not yet clear whether hepatic
resection can reduce the occurrence of subsequent
HL-CCA. Furthermore, there are no consistent fin
dings regarding prediction of subsequent HL-CCA in
patients with hepatolithiasis. In the management of
hepatolithiasis, important factors are the reduction of
recurrence of cholangitis and suspicion of unrecognized
HL-CCA.
Key words: Cholangiocarcinoma; Hepatolithiasis; Intra
hepatic; Management
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: In this study, we review recent studies on
hepatolithiasis and discuss hepatolithiasis-associated
cholangiocarcinoma (HL-CCA). Management of
hepatolithiasis requires proper treatment to reduce
recurrence and achieve early detection of HL-CCA. It
is not clear whether hepatic resection can reduce the
occurrence of HL-CCA, and there is no surveillance tool
to predict subsequent occurrence. Patients should be
followed after treatment because there are no effective
measures to prevent HL-CCA and premalignant lesions.
Kim HJ, Kim JS, Joo MK, Lee BJ, Kim JH, Yeon JE, Park
JJ, Byun KS, Bak YT. Hepatolithiasis and intrahepatic
cholangiocarcinoma: A review. World J Gastroenterol 2015;
21(48): 13418-13431 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i48/13418.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i48.13418

INTRODUCTION
Gallstone disease is common in Western and Asian
countries. One type of gallstone disease, hepa
tolithiasis, is characterized by the presence of stones
within the intrahepatic bile ducts proximal to the
right and left hepatic ducts. Hepatolithiasis is rare in
Western countries, and the incidence in East Asian,
such as Taiwan, China, Hong Kong, South Korea, and
[1-4]
Japan, is higher .
Hepatolithiasis is benign in nature, but the prognosis
is poor due to an association with recurrent cholangitis,
biliary strictures, liver abscesses, and atrophy or
cirrhosis of the affected liver; however, there have
been advances in the management of the stones
[5-7]
associated with hepatolithiasis . Hepatolithiasis is also
a known risk factor for intrahepatic cholangiocarcinoma
[8,9]
(CCA) . Although mortality due to cholangitis from
hepatolithiasis is very low, the occurrence of hepato
lithiasis-associated CCA (HL-CCA) is a prognostic factor
[10-12]
for poor outcome
. Early diagnosis of HL-CCA is still
challenging even though there have been advances in
diagnostic modalities and various efforts to identify it
[13]
in early stages .
Here, we review the epidemiology, pathogenesis,
diagnosis, and management of hepatolithiasis and
HL-CCA. This review also summarizes the predictive
factors for HL-CCA.

Hepatolithiasis-associated cholangiocarcinoma

Epidemiology
Hepatolithiasis

The incidence of hepatolithiasis varies, but it is fairly
common in Asian, such as China, Taiwan, Hong Kong,
Korea, and Japan, with incidence rates ranging from 2%
[1-4]
to 25% . In Western countries hepatolithiasis is rare,
[4,14]
with incidences reported between 0.6% and 1.3%
.
The mechanism of intrahepatic stone formation is
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not well understood, but malnutrition and low socioeconomic status have been suggested to be causatively
related to hepatolithiasis. According to epidemiologic
surveys, the pattern of gallstone disease is changing,
and the incidence of hepatolithiasis is decreasing as
people in Eastern countries adopt a Westernized diet.
A national survey conducted in Japan reported that
the relative proportion of hepatolithiasis was 4.1% in
the years from 1970-1977, 3.0% in the years from
1975-1984, 2.3% in the years from 1985-1988,
2.2% in the years from 1989-1992, and 1.7% in the
[15]
years from 1993-1995 . The apparent decrease
in the incidence of hepatolithiasis has contributed
to this chronological shift, but it may be partly
caused by the increase in gallbladder stones due to
[16]
westernized diet . In Taiwan, the relative proportion
of hepatolithiasis slightly decreased from 21.3% in
[1]
1981 to 18.7% in 1989 . In South Korea, the pattern
of gallstone disease has become similar to that seen
in Western countries, except for a high prevalence of
hepatolithiasis. The proportion of gallbladder stones
has gradually increased from 80% to 85% and that
of common bile duct stones has decreased from 34%
to 19%; however, that of hepatolithiasis remains
unchanged, at 11%-15% over a 20 year period from
[2,3]
1980 to 2000 .
Parasitic infestation has often been thought to be
a major cause of hepatolithiasis and infestation, as
parasites have been detected in up to 30% of patients
[17]
with hepatolithiasis . In Eastern countries, the
persistent prevalence of hepatolithiasis in Korea and
the relatively high prevalence in Taiwan may be due to
cultural trends of ingesting raw freshwater fish infected
with Clonorchis sinensis (C. sinensis). Clonorchiasis
is endemic in the Far East, but heavily endemic
areas within individual countries are geographically
distributed in parallel with the population of the
[18]
snail that is an intermediate host for this parasite .
Nationwide surveys in Korea of intestinal parasitic
infections revealed no drop in the average prevalence
of C. sinensis infection over time (i.e., 2.6% in 1981
[19]
and 2.4% in 2004) , and C. sinensis infection
remains common in Korea. In 1984, the prevalence
[20]
was reported to be 1.5% in Taiwan . In Japan, the
clonorchiasis rate has markedly decreased in parallel
with the decreased number of host snails, which is due
[18]
to various causes, including water pollution .

Hepatolithiasis is an established risk factor for CCA,
similar to clonorchiasis, especially in Asian coun
[8,9,21-24]
tries
. The association between hepatolithiasis
and CCA has been well-documented, and many studies
[25-31]
. Cases of HL-CCA
on HL-CCA have been published
are not rare, especially in areas with a high prevalence
of hepatolithiasis. The overall incidence of HL-CCA
[12,32,33]
. HL-CCA can be
was reported to be 5%-13%
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shown to be significantly higher in the bile ducts of
hepatolithiasis patients compared to controls, and gelforming mucins of MUC2 and 5AC were thought to be
[58,59]
more important for the pathogenesis
. Excessive
amounts of mucin secreted into the ducts may provide
a microenvironment that initiates a nidus for stones by
trapping calcium salts and lipids, which may also cause
stones to expand by altering biliary flow in the bile
[60,61]
ducts
.

Table 1 Concomitant cholangiocarcinoma in hepatic resection
for hepatolithiasis n (%)
Ref.

Year

Nation/region

Case (n )

Incidence

Zhu et al[34]
Lin et al[32]
Tabrizian et al[35]
Cheon et al[30]
Uenishi et al[12]
Lee et al[36]
Catena et al[37]
Chen et al[38]

2014
2013
2012
2009
2009
2007
2006
2004

China
Taiwan
Italy
South Korea
Japan
Taiwan
Italy
Hong Kong

2056
211
30
90
86
123
17
103

107 (5.2)
10 (4.7)
7 (23.3)
8 (9.0)
10 (11.6)
4 (3.3)
2 (11.7)
10 (9.7)

HL-CCA

detected at any stage, during evaluation, treatment,
or follow up of hepatolithiasis. Detection of concomi
tant HL-CCA during treatment of hepatolithiasis was
reported in 12% of patients in Japan, 5% in Taiwan,
[12,30,32,34-38]
9% in South Korea, and 10% in Hong Kong
(Table 1). HL-CCA can also develop during follow up
for hepatolithiasis. Subsequent HL-CCA following
hepatolithiasis has been reported to be 1.6%-9.9%
[6,12,30,32,33,36,38-40]
in several studies
. These studies are
summarized in Table 2.

PATHOGENESIS
Hepatolithiasis

The mechanism of intrahepatic stone formation has
not yet been fully described; but the presence of
brown pigment stones as well as cholesterol stones
[41-44]
suggests a complex pathogenesis
. Factors that
may contribute to development of these stones include
the precipitation of calcium bilirubinate, the solubility of
cholesterol in hepatic bile, gene mutations, and ethnic
[45-51]
differences
.
A low fat and low protein diet may increase bile
stasis and bacterial infection through relaxation
of the sphincter of Oddi and decreased release of
[52,53]
cholecystokinin
. Association with bacterial infection
has been implicated in stone formation. Bacteria,
such as Escherichia coli, and those belonging to the
Clostridium and Bacteroides genera are frequently
isolated from the bile of patients with hepatolithiasis.
The possible route is ascending infection through
the sphincter of Oddi, bacteriobilia through the
portal venous system, or transient infection with bile
[54,55]
stasis
.
Recent experiments suggest that enhanced
inflammatory cytokine-induced phospholipase A2,
cyclooxygenase-2 (COX-2) and COX-2-derived
prostaglandin E2 (PGE2) synthesis in the bile ducts
are related to the initiation and propagation of
[56,57]
inflammatory changes in hepatolithiasis
.
In terms of the biliary mucin molecules, an
increase in acidic mucins, such as sulfomucins and
sialomucins, in hepatolithiasis reduces pH in the bile
and leads to precipitation of calcium bilirubinate in the
[56]
bile ducts . The abundance of secretory-type mucins
(MUC2, MUC3, MUC5AC, MUC5B, and MUC6) was
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Known risk factors for CCA are primary sclerosing
cholangitis, Caroli’s disease, congenital choledochal
cysts, parasite infections (C. sinensis, Opisthorchis
[8,9,19]
viverrini), hepatolithiasis, and toxins
. Considerable
progress has been made in understanding the
[23,62]
pathogenesis of CCA
. It has been proposed
to be a multi-step process, involving hyperplasia,
dysplasia, and adenocarcinoma in situ to invasive
[63]
adenocarcinoma . Although the process of car
cinogenesis from hepatolithiasis is not fully understood,
chronic proliferative cholangitis plays a role in biliary
[27]
carcinogenesis . Recurrent cholangitis, biliary
stricture, bile stasis, and chronic bacterial infection are
common problems in hepatolithiasis patients, even
after multimodal treatment. These recurrent or chronic
inflammatory events cause prolonged inflammation
of the bile duct epithelium and can lead to the
[27,62]
development of CCA
.
The main morphologic feature of stone-containing
bile ducts in hepatolithiasis is chronic proliferative
cholangitis and peribiliary glands proliferation, in which
[43]
the epithelial lining becomes hyperplastic . Chronic
inflammation can cause epithelial cell proliferation, and
this may increase the rate of cellular DNA synthesis
and the subsequent production of mutagens coupled
[64-66]
with a compromised cellular repair function
.
If these processes are sustained for a long period
of time, they may cause the multiple molecular
changes necessary to trigger the development of
CCA. During histologic exam by choledochoscopy
using percutaneous transhepatic cholangioscopic
lithotripsy (PTCSL), atypical epithelial hyperplasia
[27]
and dysplasia are frequently recognized . Chen et
[67]
al
reported that intraductal papillary neoplasia was
found in 30% of patients with hepatolithiasis and
displayed a histologic spectrum from papillary growth
with dysplasia to carcinoma. Biliary carcinogenesis
associated with hepatolithiasis is thought to be present
as precancerous lesions. Intraductal papillary neoplasm
of the bile duct (IPNB) and biliary intraepithelial
neoplasia (BilIN) are known as precancerous lesions of
[68]
biliary tract carcinomas .
Similar to hepatolithiasis and clonorchiasis, IPNB
has mainly been reported in Far Eastern countries.
IPNB, including carcinoma and precursor lesions,
is known to transform from low-grade dysplasia to
[69]
invasive carcinoma . BilIN is a flat or micropapillary
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Table 2 Subsequent cholangiocarcinoma after initial management for hepatolithiasis
Ref.

Year

Cases (n )

Nation/region

Incidence of cholangiocarcinoma
Total

Kim et al[33]
Tsuyuguchi et al[39]
Lin et al[32]
Park et al[6]
Cheon et al[30]
Uenishi et al[12]
Lee et al[36]
Chen et al[38]
Huang et al[42]

2015
2014
2013
2013
2009
2009
2007
2004
2003

A

South Korea
Japan
Taiwan
South Korea
South Korea
Japan
Taiwan
Hong Kong
Taiwan

236
121
197
85
225
76
123
91
209

6.8%
9.9%
6.1%
2.4%
4.9%
2.6%
1.6%
3.3%
2.4%

Stone removal
Complete

Residual

3.3%
9.1%
4.9%

10.4%
10.4%
11.8%

4.0%

8.0%

0.7%

6.6%

B

C

Figure 1 Sixty-seven years old, female was admitted for cholangitis and treated with hepatic resection. She was followed and underwent second resection
1 year later. A: Abdominal computed tomography demonstrated that B2 IHD dilatation with stones and 2 cm sized low density lesion in liver S7; B: Liver, left, lateral,
segmentectomy was done; C: BilIN1 and two were shown on dilated duct with glandular proliferation.

dysplastic epithelium in the bile duct and classified as
[70]
BilIN-1, BilIN-2, and BilIN-3 . It is frequently found in
the surgical margin of resection specimens of CCA and
[71,72]
is also reported in patients with hepatolithiasis
.
Both BilIN and IPNB can be seen at the same time
in patients with hepatolithiasis, unlike primary
sclerosing cholangitis and parasitic infections,
[70,72]
which are only associated with BilIN
(Figures 1
and 2). A study of BilIN reported that metaplastic
changes were more frequently observed in BilIN-2/3
than BilIN-1, and gastric type foveolar metaplasia
[70]
was the most frequently observed change . In
immunohistochemical studies of IPNB, aberrant
expression of cytokeratin 20, MUC2, and MUC5AC was
[73,74]
frequently shown
. Another immunohistochemical
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study showed that decreased expression of β-catenin
and E-cadherin occurred early in the carcinogenesis of
[75]
both BilIN and IPNB .
Recent studies have elucidated the molecular
mechanism of HL-CCA, which involves epidermal
growth factor receptor (EGFR), nuclear factor
kappa-B (NF-κB), COX-2, PGE2, p16, c-met, and
deleted in pancreatic cancer 4 (DPC4)/signaling
effectors mothers against decapentaplegic protein 4
[76,77]
(Smad4)
. Increased expression of c-erbB2 and
EGFR in both hepatolithiasis and intrahepatic CCA has
[78,79]
[80]
been reported
. Zhou et al
reported that NFκB and EGFR were more highly expressed in HL-CCA
than in patients with hepatolithiasis. These findings
demonstrate that prolonged inflammation due to the
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A

B

C

D

Figure 2 Sixty-seven years old, female was admitted for cholangitis and treated with hepatic resection. She was followed and underwent second resection 1
year later. A: Follow-up abdominal computed tomography. Exophytic hypodense mass in S7 of the liver was more enlarged with peripheral enhancement; B: Liver, S7,
segmentectomy was done; C and D: Hematoxylin and eosin (HE) statin (C: × 12.5; D: × 200). Intraductal papillary neoplasm with an associated invasive carcinoma. 6
cm × 3 cm × 3 cm sized intraductal papillary neoplasm including 0.6 cm × 0.5 cm sized invasive tumor.

presence of stones could induce upregulation of these
cell-proliferating factors.
COX-2 overexpression correlated with the car
cinogenesis of intrahepatic CCA, and it occurred during
[81,82]
the early stages of cholangiocarcinogenesis
.
[83]
Endo et al
reported that ErbB2 and COX-2 were
overexpressed in the hyperplastic bile ducts of patients
with hepatolithiasis.
PGE2 is known to be increased by upregulated
[57]
COX activity in inflammatory sites. Shoda et al
reported that the synthesis of PGE2 is significantly
higher in affected bile ducts with hepatolithiasis, and it
can mediate morphologic changes of the intrahepatic
bile duct, such as dilatation, stricture, and periductal
fibrosis.
It is well known that c-met plays a role in the
carcinogenesis of CCA. The c-met gene, a protooncogene, encodes the membranous tyrosine kinase
[84]
receptor for hepatocyte growth factor . Terada et
[85]
al
reported that c-met protein was overexpressed
in proliferated biliary cells of hepatolithiasis and in
neoplastic biliary epithelium of intrahepatic CCA.
The cyclin-dependent kinase inhibitor p16 is known
as a tumor suppressor gene, and p16 promoter hyper
methylation is known to occur in various cancers,
[86]
[87]
including CCA . Ishikawa et al
reported that
inactivation of p16 occurred frequently and at an early
[88]
stage of IPNB with hepatolithiasis. Sasaki et al
reported that p16 expression was decreased from
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BilIN-2,3 to cholangiocarcinogenesis in patients with
hepatolithiasis.
In a study of the DPC4/Smad4 gene, another
[89]
tumor suppressor gene, Lee et al
reported that
inactivation of DPC4/Smad4 occurred in both CCA
and stone-containing bile ducts, and it was especially
pronounced in the dysplastic epithelium of stonecontaining bile ducts.

Diagnosis
Hepatolithiasis

Diagnosis of hepatolithiasis is performed mainly
through radiologic examinations, and often incidentally
without symptoms or laboratory abnormalities. If
symptoms occur, they may include fever, fatigue,
abdominal pain, and jaundice. Laboratory tests can
show leukocytosis, neutrophilia, and abnormal liver
biochemistry of an obstructive pattern with raised
serum alkaline phosphate and bilirubin.
A hepatolithiasis research group in Japan classi
fied the severity of hepatolithiasis: grade 1 as no
symptoms, grade 2 as having abdominal pain, grade
3 as transient jaundice or cholangitis, and grade 4 as
continuous jaundice, sepsis, or concurrent CCA. They
reported that more than half of 473 new hepatolithiasis
[90]
cases were classified as grade 3 or 4 . Another
recent study of 68 hepatolithiasis patients used a new
clinical classification system: type 1 primary type (no
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previous biliary tract surgery), type 2 inflammatory
type (previous biliary tract surgery and cholangitis),
type 3 mass-forming type (complicated by hepatic
mass-forming lesion), and type 4 terminal type
(with secondary biliary cirrhosis and resultant portal
hypertension). The authors reported that the incidence
of new cases of types 1-4 was 50.1%, 36.8%, 10.3%,
[91]
and 2.8%, respectively .
Abdominal ultrasound (US) and computed tomo
graphy (CT) are the primary imaging modalities
for hepatolithiasis. The advantages of US are that
it is non-invasive, safe, and easily available (even
bedside), and can detect dilatations of the biliary
tract and stones, as shown by echogenic spots with
an acoustic shadow. However, the detectability of
stones is dependent on the stone size, shadowing
characteristics, echogenicity, and the location in
[7,90]
the hepatic lobe
. Multidetector CT (MDCT) has
advanced the diagnosis of hepatolithiasis. MD-CT is
very useful for detecting dilated bile ducts, stricture
of the bile duct, and calcification stones in the bile
[7,92]
duct
. Therefore, recently, US and CT have become
the first choice for examining patients suspected of
having hepatolithiasis.
Magnetic resonance imaging (MRI) and magnetic
resonance cholangiopancreatography (MRCP) can
provide realistic bile duct images and can detect
[93,94]
stones without exposing patients to radiation
. The
T1-weighted (T1-W) sequence is helpful for depicting
stones and demonstrating parenchymal complications,
[95]
such as an abscess . However, the cost is high, and
its spatial resolution is not perfect. MRI and MRCP are
usually performed as ancillary investigations to US and
CT.

CCA and HL-CCA

The clinical manifestations of intrahepatic CCA are
nonspecific, although there may be abdominal pain,
[96]
cachexia, fatigue, and night sweats . Serum CA 19-9
is known as a tumor biomarker for CCA, but it may
be normal or increased in benign diseases, such as
[96,97]
bacterial cholangitis or choledocholithiasis
.
Macroscopically, intrahepatic CCA is classified as a
mass-forming, periductal-infiltrating, or intraductalgrowing carcinoma, where the mass-forming type
[98]
is most common . MDCT is used to evaluate the
location of the tumor and its relationship with adjacent
[99]
vascularity . Pre-contrast and multiphase CT is useful
for the detection and differentiation of an intraductal
stone from an intraductal tumor because hypovascular
tumors with abundant fibrous stroma show progressive
[100]
uptake of contrast during the venous phase . Park et
[101]
al
suggested the following as specific CT findings for
HL-CCA: the presence of periductal soft-tissue density,
higher enhancement of the duct than the adjacent
bile duct on portal venous phase images, ductal wall
thickening or enhancement, portal vein obliteration,
and lymph node enlargement.
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On MRI, CCA is visible as a hypointense mass on
T1-W images and a central hypointensity with irregular
[102]
hyperintense areas on T2-weighted (T2-W) images .
MR imaging with MR cholangiography is superior to CT
for the assessment of intraductal lesions, intrahepatic
[103]
metastasis, and presence of satellite lesions
.
However, CT may be better for the assessment of
vascular encasement, identification of extrahepatic
[104]
metastasis, and determination of resectability .
Positron emission tomography (PET) scan is another
useful imaging modality, but the accuracy varies
[105]
depending on morphologic type . The sensitivity of
PET for detection is reported to be 85% for the mass[105]
forming type but 18% for the infiltrating type . Mass
forming type intrahepatic CCA shows ring-shaped
fluorodeoxyglucose uptake (due to desmoplastic
lesions within the tumor) and neovascularity at the
periphery, but this finding can be shown in any lesion
[103]
with central necrosis
. Thus, PET scanning is more
[106,107]
helpful for detection of distant metastases
.

Difficulty in diagnosis of concomitant CCA in
hepatolithiasis

In cases of HL-CCA, there are no specific symptoms
other than the clinical manifestation of hepatolithiasis.
Laboratory tests can show increased alkaline pho
[108]
sphatase, bilirubin, and CA 19-9 .
Therefore, detection of CCA in hepatolithiasis is
dependent on imaging modalities, such as US, CT,
and MRI. However, there are many limitations in
differentiating CCA from fibrosis in hepatolithiasis. It is
difficult to differentiate strictures, infiltrating types of
CCA, mass-forming CCA, and inflammatory pseudotumor because prolonged affected liver segments often
[90,109]
become fibrotic and scarred
.

MANAGEMENT STRATEGY FOR
HEPATOLITHIASIS
The primary goals of treatment for hepatolithiasis are
complete stone removal and the prevention of recurrent
cholangitis. Current treatment methods are nonsurgical treatments, such as percutaneous transhepatic
cholangioscopic lithotripsy (PTCSL), and surgical
treatment, such as hepatic resection. PTCSL has been
[110-113]
frequently used with a fair success rate
. The rate
of complete stone removal was reported to be similarly
high in both treatments, but recurrent cholangitis
[6,11,111]
is quite common in PTCSL
. Generally, hepatic
resection has been considered the definite treatment
for hepatolithiasis, because it could effectively reduce
[114-116]
recurrent cholangitis or stone formation
. The
reported overall success rate of hepatic resection is
95%-98%, and the rates of residual stone and stone
recurrence are 15.6% and 7.8%-13.9%, respectively,
[5,12,115,116]
.
upon long-term follow-up
However, the incidence of post-hepatectomy
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infection was 23.8% higher in hepatolithiasis than in
[117]
other hepatic malignancies
. Additionally, operative
intervention is sometimes not acceptable for patients
with risky co-morbidities or stones distributed in
[118,119]
multiple segments of both hepatic lobes
. Thus,
a tailored multidisciplinary approach combining both
approaches is more reasonable.
Meanwhile there are many hepatolithiasis cases
with strictures that make it difficult to manage and
differentiate CCA. Thus, patients should be screened
for concomitant HL-CCA, even though the incidence is
low. Choledochoscopy may be indicated in these cases.

Detection and predictive factors of concomitant HL-CCA

Known risk factors for concomitant HL-CCA are older
age, bile duct stenosis (stricture), liver atrophy, elevated
CA 19-9, left side stone location, residual stone,
[120-124]
recurrence of stone, and choledochoenterostomy
Neither symptoms (abdominal pain, fever, jaundice,
and nausea) nor the location of stones (intrahepatic
duct only, both intra- and extra-hepatic ducts, right
lobe, left lobe, or both lobes) is a significant risk
[122,125]
factor
.
In a comparative study of concomitant HL-CCA
[120]
and hepatolithiasis only, Kim et al
reported that
concomitant HL-CCA should be suspected in patients
with a longstanding duration of hepatolithiasis
accompanied by weight loss, high levels of serum
alkaline phosphatase, low levels of serum albumin,
high levels of serum CEA, hepatolithiasis located in
either the right or both lobes of the liver, and age > 40
[121]
years. Liu et al
reported that symptom duration of
more than 10 years is the most powerful risk factor for
[126]
ICC in patients with hepatolithiasis, and Lee et al
reported an association between localized stricture and
long-term history (over 10 years) of hepatolithiasis.
Additionally, it is suggested that HL-CCA may occur
in cases of atypical clinical manifestation of liver
abscess, biliary tract infection that is difficult to
control, relapsing infection, and abscesses in a more
[34]
consolidated area .
[122]
In a Japanese multicenter study, Suzuki et al
reported that the predictive risk factors were a history
of choledocoenterostomy (OR = 3.718) and liver
atrophy (OR = 4.424). Association of CCA occurrence
with previous surgical biliary-enteric anastomosis may
be due to chronic inflammation caused by reflux of
[123,124]
.
bowel contents late after choledocoenterostomy

When is hepatic resection advisable for improving
prognosis?

Hepatic resection can eliminate both stones and
surrounding ductal changes, such as strictures,
fibrosis, and micro abscesses. In a long-term followup study, operative treatment was reported to reduce
[30,36]
recurrence
.
In patients with hepatolithiasis, treatment-related
difficulties include the high rates of residual stones
and a high recurrence rate even after complete
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stone removal, especially in patients with biliary
[111,112]
strictures
. Biliary strictures often lead to bile
stasis, cholangitis, and stone formation, thus causing
stone recurrence. A multivariate logistic regression
analysis study reported that risk factors for incomplete
stone removal are intrahepatic strictures, nonoperative
[113]
treatment, and bilateral stones . Thus, hepatectomy
is recommended in cases of single lobe hepatolithiasis,
[37,118,119]
atrophy of the affected liver, and stricture
.
Furthermore, resection is considered when diff
erential diagnosis is difficult, because detection of HLCCA is very difficult even during surgical operations,
and accurate diagnosis can be proven only through
[37]
resection. Catena et al
reported that the rate of
unrecognized CCA was quite high at 11.7% and that it
might be underestimated.

Can hepatic resection prevent subsequent HL-CCA?

Although mortality due to cholangitis is low, the
development of HL-CCA is known to be an independent
[34,127]
prognostic factor for survival
. Hepatolithiasis is a
significant risk factor for CCA, and the OR was 40 in a
[128]
Korean report .
Theoretically, hepatectomy for treatment of
hepatolithiasis has another advantage for eliminating
the risk of developing HL-CCA besides complete
removal of stones. In general, hepatectomy seems to
reduce the risk of developing of CCA. A cohort study in
Japan reported that hepatectomy significantly reduced
[15]
the risk of developing CCA . A Western study by
[35]
Tabrizian et al
reported a high rate (23.3%) of
concomitant HL-CCA and excellent long-term results
with hepatectomy.
It is not clear whether hepatic resection can reduce
the occurrence of HL-CCA. During the follow-up
period, the incidence of HL-CCA showed no significant
difference between patients with hepatolithiasis
[30,33]
with or without previous hepatic resection
. It is
difficult to conclude that hepatic resection definitely
prevents the development of HL-CCA in patients with
hepatolithiasis.
Meanwhile, incomplete resection is also a problem.
Survival outcomes are good only in cases with safe
surgical margins, even in incidental HL-CCA found in
[32]
post-operative pathology . In addition, HL-CCA could
develop in the hepatic lobe adjacent to the resection
margin (Figures 3 and 4). It is possible that the
[32,33]
undetected CCA was present in the remnant liver
.
Therefore, aggressive resection, including neighboring
segments, is crucial to achieve sufficient hepatic
volume.

Management strategy for
hepatolithiasis-associated
intrahepatic CCA
The secondary goal of treatment for hepatolithiasis is
to prevent the progression of the disease to cirrhosis or
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Figure 3 Molecular mechanism of hepatolithiasis-associated cholangiocarcinoma. HL-CCA: hepatolithiasis-associated cholangiocarcinoma; NF-κb: nuclear
factor kappa-B; EGFR: epidermal growth factor receptor; PGE2: Prostaglandin E2; COX-2: Cyclooxygenase-2; IPNB: Intraductal papillary neoplasm of the bile duct;
BilIN: Biliary intraepithelial neoplasia.

A

B

C

Figure 4 Forty-six years old, female was admitted for cholangitis. A: Abdominal CT demonstrated that multiple calcified stones are present in the lateral
segment of the left lobe; B: Liver, left lobectomy was performed, and there was no cancerous lesion; C: Abdominal computed tomography taken 14 mo after resection
demonstrated development of cholangiocarcinoma in the caudate lobe of the liver.

cancer. HL-CCA can develop even after complete stone
[33,129]
removal through PTCSL or initial hepatectomy
.
Development of HL-CCA is an independent predictor
for survival in patients who have undergone hepatic
[12,38]
resection with hepatolithiasis
. Early detection of
HL-CCA is very important in follow-up after treatment
of hepatolithiasis. However, to date, there is no
effective measure to predict subsequent HL-CCA in
patients with hepatolithiasis.

Follow-up for early detection of subsequent HL-CCA

Known predictive factors for subsequent HL-CCA after
treatment are old age, bile duct stricture, bilioenteric
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anastomosis, stone recurrence, stones in both hepatic
[33,42,122]
lobes, and no hepatic resection
.
[33]
Kim et al
reported that age, gender, CA 19-9,
stone location, bile duct stenosis, liver atrophy, stone
recurrence, residual stone, and hepatic resection
were not significant predictive factors by multivariate
[30]
analysis. Cheon et al
reported that there was no
significant risk factor for CCA during the follow-up
period.
[42]
[32]
Huang et al
and Lin et al
reported that
the subsequent HL-CCA incidence was significantly
lower after complete stone removal than in cases of
residual stones (0.7% vs 6.6% and 4.9% vs 11.8%,
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Table 3 Clinical characteristics of subsequent cholangiocarcinoma patients
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
151
16

[33]

Sex/age

Location of stone

Treatment method

Residual stone

Time of CC (mo)

Location of CC

Stage

M/65
M/69
M/72
M/66
M/51
M/63
F/71
F/54
F/56
F/65
M/60
F/67
F/51
M/52
F/47
F/56

Lt
Lt
Lt
Lt
Lt
Lt
Rt
Both
Rt
Both
Both
Both
Lt
Both
Lt
Both

ERCP
PTCSL
PTCSL
ERCP
PTCSL
PTCSL
ERCP
PTCSL
PTCSL
PTCSL
Lt. hemi-hepatectomy
Lt. lobectomy
Lt. hemi- hepatectomy
Lt. lobectomy
Lt. hemi-hepatectomy
Lt. lobectomy

Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
No
Yes
No
Yes

14
15
17
21
13
53
79
10
111
72
102
55
109
28
14
81

Lt
Lt
Lt
Lt
Lt
Lt
Both
Lt
Rt
Lt
Rt
Rt
Lt
Rt
Caudate
Rt

ⅣA

Ⅲ
ⅣA

Ⅲ
ⅣA
ⅣA

Ⅲ
ⅣA
ⅣA
ⅣA

Ⅲ
ⅣA
Ⅱ
ⅣA

Ⅲ
ⅣB

1

Described in Figure 3. M: Male; F: Female; CC: Cholangiocarcinoma; Lt: Left; Rt: Right; ERCP: Endoscopic cholangiopancreatography; PTCSL:
Percutaneous transhepatic choledochoscopic lithotomy.

[108]

respectively). Jo et al
reported that incomplete
removal of stones was a risk factor for subsequent HLCCA, but complete stone removal was not significant
as a good prognostic factor. Furthermore, there are
reports that the incidence of subsequent HL-CCA is
[33]
not significantly different between groups: Kim et al
reported 3.3% vs 10.4% (p = 0.263), Tsuyuguchi et
[39]
al reported 9.1% vs 10.4% (p = 0.554), and Cheon
[30]
et al reported 4% vs 8% (p = 0.06).
The risk of subsequent HL-CCA was increased in
[118,119]
[32]
bilateral hepatolithiasis
. Lin et al
reported that
the incidence of concomitant HL-CCA and subsequent
HL-CCA was similar in patients with unilateral
hepatolithiasis (4.8% and 4.5%, respectively), but the
incidence of subsequent HL-CCA (12.2%) was higher
than concomitant HL-CCA (4.7%) in patients with
bilateral hepatolithiasis.
Most subsequent HL-CCA has been reported to
occur within the same hepatic lobe where treatment
[130]
[30]
was performed
. However, Cheon et al
reported
the tumor occurrence in the contralateral hepatic
[33]
lobe in six out of 11 cases, and Kim et al
reported
it in three out of 12 cases. It is possible that chronic
inflammatory conditions play a role in the development
[77]
of CCA arising from the bile duct without stones .
[122]
Suzuki et al
reported that risk factors for HLCCA were choledochoenterostomy (OR = 3.718),
biliary stricture (HR = 4.615), and stone recurrence
[122]
[123]
(HR = 6.264)
. Bettschart et al
reported that
patients who underwent bilioenteric anastomosis due
to hepatolithiasis should be followed.

Is the prognosis of HL-CCA worse than CCC alone?
[11]

Su et al
reported that the survival of patients with
HL-CCA is worse than that of patients with only CCA.
In a study of 66 patients with HL-CCA, radical resection
[131]
was possible in only 38 patients .
In contrast, there are studies that HL-CCA is not
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[132]

inferior in resectability and survival. Chen et al
showed a higher rate of resectability for HL-CCA
than for CCC without HL (31.1% vs 26.8%). Lee et
[133]
al
showed a resectability rate of 52.6% in HL-CCA
[134]
and 39.2% in CCC only, and Guglielmi et al
also
reported a higher rate of resectability in HL-CCA than
CCC alone (91.3% vs 68.8%). A possible explanation
is that the presence of symptoms due to hepatolithiasis
[132]
could lead to an earlier diagnosis of CCA .
However, despite a higher rate of resectability, there
were no differences in overall survival between patients
[133,134]
. In 23
with HL-CCA and patients with CCC alone
patients who underwent resection for HL-CCC, Han
[135]
et al
reported that the overall cumulative survival
rates were 43.8%, 13.0%, and 4.3% at 1, 3, and 5
years, respectively, even though they were higher at
88.9%, 33.3%, and 11.1%, respectively, in patients
with curative resection.
A recent interesting study showed that palliative
[131]
surgery resulted in a gain in survival. Li et al
reported that the overall survival rates were 58.3%,
31.7%, and 11.7% at 1, 3, and 5 years, respectively.
In the radical resection group, survival rates were
71.1%, 39.4% and 15.8%, respectively, 42.9%,
28.6% and 7.1%, respectively, in the palliative
resection group, and 25%, 0%, and 0%, respectively,
in the group of abdominal exploration (p < 0.001).
[136]
Zhang et al
suggested three reasons for performing
palliative resection even in patients classified as Stage
IV. First, the indication for operation was not only due
to the tumor, but also due to hepatolithiasis, which
frequently causes biliary tract infections. Second,
significant differences in the median overall survival
were found between R1, R2, and non-resection-treated
patients (18.2, 14.2, and 9.1 mo, respectively).
Third, adjuvant therapy did not significantly prolong
the survival. Considering these results, aggressive
resection should be performed in practice to prolong
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survival even when curative treatment cannot be
accomplished for patients with advanced HL-CCA.

10
11

Subsequent HL-CCA leads to worse survival than
concomitant HL-CCA

Subsequent HL-CCA diagnosed after treatment of
hepatolithiasis has a worse prognosis than concomitant
[32]
reported that most patients who
HL-CCA. Lin et al
developed subsequent HL-CCA after hepatectomy were
not eligible for a second hepatectomy due to its locally
advanced state, peritoneal seeding, distant metastasis,
or insufficient remnant liver volume. Overall, mortality
and disease-related mortality of subsequent HL-CCA is
significantly higher than that for concomitant HL-CCA.
[39]
[33]
Recently, Tsuyuguchi et al
and Kim et al
reported
similar poor results (Table 3).

12

CONCLUSION

16

Although there have been many advances in the
management of hepatolithiasis, there are no consistent
results regarding HL-CCA until now. Important factors
to consider are the proper treatment to reduce
recurrence and early detection of HL-CCA. Patients
should be followed after treatment because there is no
effective prevention of HL-CCA or premalignant lesions.

13
14
15

17
18
19
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Abstract

resistant strains of H. pylori are increasing. H. pylori
eradication treatment failure affects the outcome of
a variety of diseases of the upper gastrointestinal
tract. Therefore, antibiotic resistance that affects H.
pylori eradication treatment is a challenging situation
for clinicians. The ideal H. pylori eradication therapy
should be safe, effective, simple, and economical. The
eradication rate of triple antibiotic therapy is currently
less than 80% in most parts of the world. Antibiotic
resistance is the main reason for treatment failure,
therefore the standard triple regimen is no longer
suitable as a first-line treatment in most regions. H.
pylori eradication treatment may fail for a number of
reasons, including H. pylori strain factors, host factors,
environmental factors, and inappropriate treatment.
Key words: Helicobacter pylori ; Resistance; Eradication
treatment; Triple antibiotic therapy; Gastrointestinal
disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Helicobacter pylori (H. pylori ) infection is
associated with a variety of upper gastrointestinal
diseases, including gastric cancer. H. pylori eradication
treatment failure affects the outcome of these diseases.
The eradication rate of triple antibiotic therapy, the
worldwide gold standard, is currently less than 80%
in most parts of the world. Antibiotic resistance is
the main reason for treatment failure, therefore the
standard triple regimen is no longer suitable as a
first-line treatment for the majority of the world. H.
pylori eradication treatment may fail for a number of
reasons, including H. pylori strain factors, host factors,
environmental factors, and inappropriate treatment.

Helicobacter pylori (H. pylori ) infection is associated

with a variety of upper gastrointestinal diseases,
including gastric cancer. With the wide application of
antibiotics in H. pylori eradication treatment, drug-
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INTRODUCTION
Helicobacter pylori (H. pylori) infection is associated
with a variety of upper gastrointestinal diseases,
[1]
including gastric cancer . With the wide application
of antibiotics in H. pylori eradication treatment, drugresistant strains of H. pylori are increasing. This has
attracted the widespread concern of scholars and
clinicians throughout the world. H. pylori eradication
treatment failure affects the outcome of a variety of
diseases of the upper gastrointestinal tract. Therefore,
antibiotic resistance that affects H. pylori eradication
treatment is a challenging situation for clinicians.
The ideal H. pylori eradication therapy should be
safe, effective (eradication rate > 90%), simple, and
economical. The eradication rate of triple antibiotic
therapy, the current worldwide gold standard, is
[2]
currently less than 80%in most parts of the world .
Antibiotic resistance is the main reason for treatment
failure, therefore the standard triple regimen is no
longer suitable as a first-line treatment in most
[3]
regions . H. pylori eradication treatment may fail for
a number of reasons, including H. pylori strain factors,
host factors, environmental factors, and inappropriate
treatment.

H. PYLORI STRAIN FACTORS
Antibiotic resistance and mechanism

Extensive and unreasonable application of antibiotics
is the main cause of antibiotic resistance. A European
study shows that the resistance rate is related to
[4]
the dosage of antibiotics used in outpatient wards .
Several types of antibiotics were used for H. pylori era
dication therapy, including macrolides, nitromidazole,
lactams, aminoglycosides, quinolones, nitrofurans,
and tetracycline. An epidemiological investigation
showed that the overall prevalence of H. pylori in
China still remains high; the adult infection rate
[5]
being 40%-60% . Forthe sixty pes of antibiotics
recommended foreradication treatment, the resistance
rates for H. pylori are as follows: metronidazole,
60%-70%; clarithromycin, 20%-38%; levofloxacin,
30%-38%; where asamoxicillin, furazolidone, and
tetracycline resistance rates are still very low (1%-5%).
The drug resistance rate significantly influences the
eradication rate.
Clarithromycin is a commonly used drug in H.
pylori eradication treatment. The resistance rate of
H. pylori to clarithromycin has increased gradually
in recent years and the resistance rate is inversely
related to the eradication rate. A study of 910
cases in China showed that the clarithromycin[6]
resistance rate was 27.6% in 2005 . Several studies
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showed that the clarithromycin-resistance rates in
American and European populations were 29.3%
[7]
and 11.1%, respectively, in 2009 . The resistance
[8]
rate in Turkey was 47.5% , and in South America,
[9]
17.72% . Clarithromycin is a macrolideantibiotic;
its pharmacological or antibacterial effect prevents
transpeptidation and translocation reactions by binding
to domain V of the H. pylori 23S ribosomal RNA (23S
rRNA), thus inhibiting bacterial protein synthesis.
Point mutations in the V functional domain of the 23S
rRNA reduces the affinity of clarithromycin for the
transpeptidase, inhibiting clarithromycin binding to
the 23S ribosomal subunit, resulting in clarithromycin
[10]
resistance . Mutations in the 23S rRNA gene,
including A2143G, A2142G, and A2142C, are closely
associated with clarithromycin resistance; the most
commonly observed of which is A2143G.Mutations
in this gene accounts for 80%-90% of clarithromycin
[11]
resistance .
Metronidazole was the earliest drug used for
eradication treatment of H. pylori. In the Chinese
population, the average H. pylori metronidazoleresistance rate is 75.6% and the rate has reached up
[12]
to 95.4% in some areas . In contrast, Japan has
a very low metronidazole-resistance rate of around
[13]
3.3%-12.9% , which may be associated with the
restriction of the use of metronidazole. The H. pylori
metronidazole-resistance mechanism has the following
aspects. First, a number of different H. pylori rdxA
[14]
gene mutations are observed . Detection of rdxA
and frxA mutations can not accurately predict drug
[15]
resistance to metronidazole . Second, the resistance
to metronidazole may involve other factors in addition
to the nitro-reductase. Finally, most of the research
is limited to the detection of mutations at the DNA
level, but more studies on the level of transcription
[16]
and translation are necessary . In general, the
mechanism of H. pylori resistance to metronidazole is
relatively complex and needs further research.
With the decreasing eradication rate of classical
triple therapy, levofloxacin is becoming widely used
in eradication therapy. Although it is a secondline treatment, a high rate of drug resistance has
arisen against it. A study in China showed that the
[12]
levofloxacin-resistance rate was 20.6% , and a
[17]
study in Peru showed the resistance rate at 36.9% .
Fluoroquinolones act on the DNA gyrase to exert a
bactericidal effect. The gyrase enzyme is necessary to
maintain the helical structure of DNA. It is a tetrameric
enzyme composed of two Asubunitsen coded by the
gyrA gene and two Bsubunitsen coded by the gyrB
gene. Point mutations in the quinolone resistance
determining regions can prevent antibiotic binding
[18]
togyrase, causing antibiotic resistance .
At present, amoxicillin resistance rates are
[5]
relatively low in China, about 1%-5% , and even
lower in more developed countries. However, penicillinallergic patients cannot use amoxicillin. Amoxicillin
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resistance can arise by different mechanisms. Among
them, mutations in the bacterial penicillin binding
protein gene (PBP1A) is a commonmechanism, which
[19]
can cause a low or moderatelevel of drug resistance .
In recent years, amoxicillin resistance caused by
extended spectrum beta-lactamases has also been
reported, which can cause high levels of drug
[20]
resistance . Tetracycline and furazolidone resistant
[5,21]
rates are still very low
.
Currently, not only has multi-drug resistance
become an increasingly severe problem for clinicians,
but different regions and groups have different
degrees and patterns of resistance. Research shows
the H. pylori multi-drug resistance rates as high
[22]
as 34.5% , which is a very serious problem. The
multi-drug resistance rate of H. pylori to levofloxacin
and metronidazole was 16.9%, to clarithromycin
and metronidazole was 7%, and the resistance rate
to all three of the drugs together was nearly 10%.
For eradication therapy of H. pylori, patients with
penicillin allergy have to choose furazolidone or
gentamicin, which are drugs with severe adverse
reactions, or are left with no treatment alternatives.
With the drug-resistance rate peaking, it is difficult
to achievea high eradication rate with the traditional
triple therapy. Quadruple therapy can be used as an
alternative treatment; however, the effect is limited
against multi-drug-resistant strains. An individualized
treatment planis the most effective way to evade the
problem of multi-drug-resistant bacteria. In regions
with high rates of resistance to clarithromycin, the
eradication rate based on culture-guided triple therapy
for clarithromycin-sensitive cultures was significantly
[23]
higher than that for empirical treatment . Research
shows that sequential therapy and the modified
bismuth-containing quadruple therapy has a very
[24]
high efficacy rate in the Hong Kong area . The
mechanism of multi-drug resistance in H. pylori is
closely related to the efflux pump system. Studies
on macrolide resistance found that H. pylori contains
four genes encoding the resistance nodulation cell
division (RND) superfamily efflux pump system.
Injection of specific efflux pump inhibitors, such as
Phe-arg-β-naphthylamide (PAβN), can inhibit the
RND efflux pump system, to reduce the antibiotic
[25]
minimum inhibitory concentration . Proton pump
inhibitors (PPIs) and efflux pump inhibitor shave a
similar structure. In addition to inhibiting gastric acid
secretion, PPIs can also inhibit the H. pylori RND efflux
pump system, which can improve the sensitivity of H.
[26]
pylori to antibiotics . A recent comparative analysis
of sarcosine-insoluble outer membrane proteins (OMPs)
between clarithromycin-resistant and-sensitive strains
found that the iron regulation membrane protein,
ureaseB, EF-Tu protein complex, and OMPs decreased
in resistant strains. At the same time, transmembrane
proteins HopT (BabB), HofC, and OMP31 increased in
resistant strains. These results were confirmed using
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western blotand real-time quantitative polymerase
chain reaction analyses. Thissuggests that changes
in the composition of the OMPs may be an additional
[27]
mechanism of H. pylori resistance to clarithromycin .

Genotypeand virulence factors

The H. pylori genotype is closely related to the
efficacy of antibiotic treatment. Data showed that
antibiotic sensitivity of the S1/M1 andS1/M2 strains
[mostlycytotoxin-associated protein (CagA)+] is
[28]
higher than that of S2/M2 strains (mostly CagA-) .
The major H. pylori virulence factors, vacuolating
cytotoxinA VacA) and CagA, not only play an important
role in the pathogenesis of H. pylori, but also have
an important effect on the eradication treatment of
H. pylori. Some studies suggest that the eradication
rate of CagA-positive strains is higher than that of
CagA-negative strains, but the results have not been
[29]
confirmed and this requires further study .

Site and density of colonization

H. pylori in cells, gastric fundus, gastric antrum,
and gastric body junction are usually thought to be
difficult to eradicate and colonization in those areas
can contribute to treatment failure. H. pylori in the
gastric antrum and body junction may escape the
effects of antibiotics. Owing to the unique structure
of the junction, a unique colonizing environment is
created; the H. pylori colonization in these sites has
a different biological behavior, so that they are not
sensitive to antibiotics. In addition, protracted use
of antacids can make H. pylori colonization in the
gastric antrum migrate to the gastric body, making
eradication treatment even more difficult. More than
[30]
10 years after discovery of H. pylori, Stark et al
found that the H. pylori NCTC11637(ATCC43504)
strain, when grown in a glass fermenter, can produce
a membrane layer structure, insoluble in water and
containing polysaccharide, on the surface of a liquid.
This confirms that H. pylori also has the ability to form
bio-films. A large number of H. pyloric and produce a
“bio-film effect” as a self-protection mechanism and
also a high H. pylori colonization density directly affects
the minimum inhibitory concentration. These are both
factors that can contribute to treatment failure.

Conversion to coccoid form

H. pylori in unfavorable growth environments are likely
to transform into a coccoid form, which is not sensitive
to antibiotics. The coccoid form of H. pylori exists in
two forms: one is dead or degenerated; the second
is a non-active stage H. pylori which, although alive,
are unable to reproduce. H. pylori in the coccoid form,
upon termination of the use of antibiotics for 2 or more
weeks, will restore their activity. This form of H. pylori
is not only an important reason for eradication failure,
[31]
but also is infectious , which is an important cause of
relapse.
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HOST FACTORS
Patient compliance: Patients’ poor compliance is
gradually coming to the attention of clinicians. Poor
compliance may be due to a lack of emphasis on
eradication therapy, cumbersome events related
to drug therapy, and drug-related adverse effects.
The drug side effects mostly consist of diarrhea and
un appealing taste of the medication. Although the
symptoms are relatively mild and do not affect normal
life, they can lead to patients’ withdrawal owing to
[32]
the fear of more severe side effects . Therefore,
physicians should not only strengthen clinical work on
the treatment of H. pylori patients, but also provide
education and reasonable treatment options to the
patients. They should stress the need for optimal
treatment and the impact of poor compliance on the
efficacy of treatment, and explain the side effects
of the drugs, thereby encouraging the patients to
comply with their treatment regimen and reducing
the likelihood of eradication failure because of early
withdrawal of medication.

Gene polymorphisms in patients

PPIs are the most common drugs used for the
treatment of digestive diseases. Through efficient and
rapid inhibition of gastric acid secretion, PPIs provides
a fast cure for gastrointestinal injury, and H. pylori
eradication regimens established on this basis rely on
their potent acid suppression ability. Polymorphisms
in the cytochrome P450 (CYP) 2C19 gene affect the
efficacy of a PPI-containing regimen, as PPI is mainly
metabolized through a CYP2C19 channel. Patients of
the strong metabolic type (homozygous wild type,
wt/wt) with a high PPI clearance rate, had serum drug
concentrations that were significantly lower than in
poor metabolizers (homozygous mutants, mt/mt).
Therefore, patients with the wild-type allele of CYP2C19
[33]
are less likely to be able to eradicate H. pylori . In
addition, polymorphisms in the P-glycoprotein (MDR1)
gene also have an effect on the treatment efficacy
[34,35]
with PPI regimens
. Studies have shown that for
triple eradication therapy based on CYP2C19 metabolic
pathway-dependent PPIs such as omeprazole or
lansoprazole, the rate of eradication is higher in poor
[36]
metabolizers than in strong metabolizers . Selection
of PPIs such as esomeprazole or rabeprazole for
use in eradication therapy may help to increase the
eradication rate, as the CYP2C19 genotype does not
seem to affect the eradication rate when using these
PPIs.

Effect of various types of disease with eradication
therapy

A French meta-analysis study of 2751 cases, with
an overall eradication failure of 25.8% sought to
determine whether eradication therapy failure was
associated with particular types of gastrointestinal
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diseases. Duodenal ulcer (DU) patients exhibited
an H. pylori eradication failure rate of21.9%, which
was significantly lower than patients with non-ulcer
dyspepsia (NUD) with a failure rate of 33.7% (P <
-6
10 ). Drug susceptibility testing implied that the
clarithromycin resistance rate of H. pylori strains in
patients with NUD was significantly higher than DU
patients, which also suggests an explanation for the
[37]
lower H. pylori eradication rate in NUD patients .

Smoking

[38]

Suzuki et al suggested that the success rate of H.
pylori eradication in smokers was lower (8.4%) than
that of non-smokers, and among smokers with nonulcerative dyspepsia, the eradication failure rate was
higher, as smoking can reduce gastric mucosal blood
flow, can stimulate gastric acid secretion, and also
affect the body’s metabolism of PPIs.

ENVIRONMENTAL FACTORS
At least 4 wk after eradication treatment is completed,
a follow-up H. pylori detection test is performed,
to determine whether a relapse or re-infection has
occurred. The oro-oral and feco-oral routes are
considered to be the most likely routes of H. pylori
transmission. Studies have found that in patients
who have undergone periodontal therapy and an
oral cleansing process, the H. pylori eradication rate
was significantly higher than that of patients who did
not, suggesting that H. pylori may be spread through
[39]
saliva . In addition to oral H. pylori infection, in rural
areas and places with poor sanitary conditions, the
[40]
population has a higher rate of H. pylori infection .

OTHER
There is a reduction in the eradication rate if PPIs are
used prior to radical H. pylori eradication therapy. This
may be because protracted use of PPI results in H.
pylori metastases from the gastric antrum to the body,
transforming into the coccoid form. Some studies
have also shown that H. pylori treatment failure is
[21]
associated with higher body mass index .

CONCLUSION
In summary, H. pylori eradication therapy is influenced by
multiple factors. Currently, the mechanisms of resistance
in H. pylori strains, hosts, and environmental and other
factors are not completely understood; therefore, it
is a continuing challenge for clinicians to improve the
success rate of H. pylori eradication. Clinicians should
have an in-depth knowledge of H. pylori resistance
mechanisms and mechanisms of drug action, and raise
patients’ awareness of their own condition. Depending
on the situation in different regions and of different
patients, the appropriate individualized treatment
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programs should be selected, thereby improving the
success rate of H. pylori eradication treatment.
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Abstract
AIM: To investigate the role of protein kinase C
(PKC)-δ activation in the pathogenesis of acute liver
failure (ALF) in a well-characterized mouse model of
D-galactosamine (D-GalN)/lipopolysaccharide (LPS)induced ALF.

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

METHODS: BALB/c mice were randomly assigned
to five groups, and ALF was induced in mice by
intraperitoneal injection of D-GaIN (600 mg/kg) and
LPS (10 μg/kg). Kaplan-Meier method was used for
survival analysis. Serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels at
different time points within one week were determined
using a multiparameteric analyzer. Serum levels of
high-mobility group box 1 (HMGB1), tumor necrosis
factor (TNF)-α, interleukin (IL)-1β, IL-6, and IL-10 as
well as nuclear factor (NF)-κB activity were determined
by enzyme-linked immunosorbent assay. Hepatic
morphological changes at 36 h after ALF induction
were assessed by hematoxylin and eosin staining.
Expression of PKC-δ in liver tissue and peripheral blood
mononuclear cells (PBMCs) was analyzed by Western
blot.
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RESULTS: The expression and activation of PKC-δ
were up-regulated in liver tissue and PBMCs of mice
with D-GalN/LPS-induced ALF. Inhibition of PKC-δ
activation with rottlerin significantly increased the
survival rates and decreased serum ALT/AST levels at
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6, 12 and 24 h compared with the control group (P <
0.001). Rottlerin treatment also significantly decreased
serum levels of HMGB1 at 6, 12, and 24 h, TNF-α,
IL-6 and IL-1 β at 12 h compared with the control
group (P < 0.01). The inflammatory cell infiltration
and necrosis in liver tissue were also decreased in the
rottlerin treatment group. Furthermore, sphingosine
kinase 1 (SphK1) dependent PKC-δ activation played
an important role in promoting NF-κB activation and
inflammatory cytokine production in ALF.
CONCLUSION: SphK1 dependent PKC-δ activation
plays an important role in promoting NF-κB activation
and inflammatory response in ALF, and inhibition of
PKC-δ activation might be a potential therapeutic
strategy for this disease.
Key words: Acute liver failure; Protein kinase C-δ;
Sphingosine kinase 1; Nuclear factor-κB
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we found protein kinase C
(PKC)-δ expression and activation in liver tissue or
peripheral blood mononuclear cells of mice with
acute liver failure (ALF). Inhibition of PKC-δ activation
attenuated ALF in this animal model. Furthermore,
sphingosine kinase 1 (SphK1) was required for PKC-δ
activation in LPS-stimulated macrophages and the
ALF mouse model. Our findings suggest that SphK1
dependent PKC-δ activation plays an important role
in ALF, and inhibition of PKC-δ activation might be a
potential therapeutic strategy for this disease.
Lei YC, Yang LL, Li W, Luo P. Sphingosine kinase 1 dependent
protein kinase C-δ activation plays an important role in acute
liver failure in mice. World J Gastroenterol 2015; 21(48):
13438-13446 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i48/13438.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i48.13438

INTRODUCTION
Acute liver failure (ALF) is a severe clinical syndrome
characterized by sudden and massive death of liver
cells resulting from a variety of hepatic diseases, and
can lead to hepatic encephalopathy, coagulopathy
[1]
and multi-organ failure . Despite advances in the
development of new treatments for ALF, little progress
has been made in seeking efficient interventions that
can improve the outcome of this disease. Currently,
ALF is still associated with an extremely high mortality
and often demands urgent liver transplantation due
[1-3]
to limited therapeutic options . Although liver cells
are the major target cells in ALF, inflammatory cells,
especially macrophages and neutrophils, dominate
the manifestation of liver injury. Increasing the level
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of bacterial lipopolysaccharide (LPS) in the blood may
induce inflammatory cell activation. There is increasing
evidence suggesting that the predominant mechanism
responsible for the development of ALF is activation
of the systemic immune response, through release of
proinflammatory cytokines and damage-associated
molecular patterns (DAMPs) as a result of massive
hepatocyte necrosis, which in turn plays a pivotal role
[4]
in the clinical course and outcome in ALF patients .
Large studies have demonstrated that the presence
of systemic inflammatory response syndrome (SIRS)
[5]
in ALF is associated with a poor prognosis . Patients
with ALF have high circulating concentrations of
proinflammatory cytokines, such as tumor necrosis
[6,7]
factor-α (TNF-α), interleukin-1β (IL-1β) and IL-6 .
Protein kinase C (PKC)-δ has been identified as a
critical inflammatory regulator and is instrumental in
neutrophil recruitment, sequestration, and activation.
In neutrophils, PKC-δ controls proinflammatory
events and regulates cytokine-elicited oxygen radical
production, degranulation, and activation of nuclear
[8,9]
factor-κB (NF-κB)
. PKC-δ inhibition prevented
[10]
neutrophil adherence and migration . In PKC-δ null
mice, neutrophil adhesion, migration, oxygen radical
[11]
generation, and degranulation are limited . Thus,
PKC-δ may have an important regulatory role in the
inflammatory response. PKC-δ is activated by multiple
proinflammatory stimuli, including cytokines, such as
[12,13]
TNF-α and IL-1, and PAMPs, such as LPS
. PKC-δ is
an important component of proinflammatory signaling
pathways that regulate activation of the transcription
factor NF-κB. NF-κB regulates gene expression of
chemokines, adhesion molecules, and cytokines, which
can initiate and perpetuate inflammation and thus
function in a positive-feedback loop.
Sphingosine kinases are intracellular signaling
enzymes that catalyze the formation of the lipid mediator
[14]
sphingosine-1-phosphate . Several proinflammatory
stimuli, including LPS, TNF-α, anaphylatoxin C5a and
immune complexes, activate sphingosine kinase 1
(SphK1) on human neutrophils and macrophages and
[15-17]
promote several proinflammatory responses
.
A recent study demonstrated that SphK1 plays a
critical role in endotoxin signaling and sepsis-induced
[18]
inflammatory responses by activating NF-κB . SphK1
expression was strongly up-regulated and rapidly
activated in macrophages stimulated with LPS. SphK1
was required to activate NF-κB and to induce the
secretion of proinflammatory cytokines or high mobility
group box 1 (HMGB1) in LPS-stimulated macrophages,
and SphK1 mediated TLR-triggered NF-κB activation in
[18]
macrophages through PKC-δ activation . The ability
of PKC-δ to mediate the secretion of proinflammatory
mediators prompted us to investigate its role in
systemic inflammatory response in ALF. Based on the
fact that NF-κB activation is the common pathway in
proinflammatory cytokine secretion, we speculated
that SphK1-mediated PKC-δ activation may play an
important role in ALF.
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In this study, we demonstrated PKC-δ expression
and activation in liver tissue or peripheral blood
mononuclear cells (PBMCs) of mice with D-galac
tosamine (D-GalN)/LPS-induced ALF. Inhibition of PKC-δ
with rottlerin ameliorated ALF in this animal model.
Furthermore, SphK1 was required for PKC-δ activation
in LPS-stimulated macrophages and the ALF mouse
model. These results indicate that SphK1 dependent
PKC-δ activation plays an important role in ALF.

MATERIALS AND METHODS
Animal model of ALF and treatments

Male BALB/c mice aged 8 wk and weighing 20 ±
0.5 g were obtained from the Experimental Animal
Center of Nanchang University, Nanchang, China. The
mice were handled and treated in accordance with
the strict guiding principles of the National Institution
of Health for experimental care and use of animals.
ALF was induced in mice by intraperitoneal injection
of D-GalN (600 mg/kg; Sigma-Aldrich) and LPS (10
μg/kg; Sigma-Aldrich) as previously described. At 36 h
following ALF induction, a portion of the animals were
sacrificed to harvest liver tissue for hematoxylin and
eosin (HE) staining. N,N-dimethylsphingosine (DMS;
Sigma-Aldrich), a PKC-δ specific chemical inhibitor, and
rottlerin (Sigma-Aldrich), a SphK1 specific chemical
inhibitor, were intraperitoneally injected 0.5 h prior to
ALF induction.

Measurement of serum ALT/AST and cytokines

Serum samples were stored at -80 ℃ until analysis.
Serum ALT and AST levels were measured using a
multiparameteric analyzer (AU 5400, Olympus, Japan).
Serum levels of TNF-α, IL-1b, IL-6, IL-10 and HMGB1
were determined using enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer’s
instructions (R&D Systems, Minneapolis, MN, United
States).

Western blot analysis

Proteins (40 μg) from total tissue or cell lysates/
samples were resolved on 10% polyacrylamide gels
under denaturing conditions and then transferred to
0.45 μm nitrocellulose membranes. The blots were
probed using a polyclonal anti-PKC-δ antibody (Santa
Cruz Biotechnology, United States), and an anti-βactin antibody (Santa Cruz Biotechnology) was used
for confirming equal protein loading. Bands were
visualized using a horseradish peroxidase-conjugated
anti-IgG secondary antibody and the ECL Western
Blotting Detection System (GE Healthcare, United
Kingdom).

Determination of PKC-δ phosphorylation

Frozen lung tissue (0.15 g) was homogenized in 3
mL buffer containing 10 mmol/L Hepes (pH 7.4),
150 mmol/L NaCl, 5 mmol/L EDTA, 1 mmol/L
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Na-orthovanadate, 20 μmol/L 4-(2-aminoethyl)benzenesulfonyl fluoride, 1% Triton X-100, 5 μg/mL
leupeptin, phosphatase inhibitor cocktail and protease
inhibitor cocktail (Sigma Chemical, St. Louis, MO,
United States). Protein concentrations of the cell lysates
were determined using a bicinchoninic acid protein
assay kit, according to the manufacturer’s instructions
(Thermo Scientific, Rockford, IL, United States).
Proteins (30 μg/lane) were separated on 4%-12% SDSPAGE gels and transferred to nitrocellulose membranes.
505
PKC-δ (Thr ) phosphorylation was determined by
505
immunoblotting using a phospho-specific PKC-δ (Thr )
antibody (Cell Signaling Technology, Beverly, MA,
United States) as described previously. Equal protein
loading was confirmed by reprobing membranes using
a PKC-δ antibody that recognizes both phosphorylated
and nonphosphorylated forms of PKC-δ (Santa Cruz
Biotechnology).

Detection of NF-κ B activity

Following LPS stimulation, NF-κB activity was
analyzed using the Mercury TransFactor Profiling KitInflammation kit (BD), following the manufacturer’s
instructions. The enzymatic product was analyzed with
a standard plate reader.

Histological assays

For morphological investigation, the livers of mice
were carefully dissected out at 36 h following ALF
induction and immersed in 10% phosphate-buffered
formalin for 1 d. The specimens were then dehydrated
through an ascending series of ethanol and cleared
in toluene, before being embedded in paraffin. The
tissue blocks were cut at 4 μm thickness using a Leica
rotary microtome (Model 2165). Paraffin sections were
mounted on albuminized glass slides by floating and
flattening the sections in a water bath at 45 ℃. The
mounted sections were drained until dry and kept
in an incubator at 30 ℃. Paraffin sections were first
dewaxed in two changes of xylene, passed through a
descending series of alcohol, and were finally washed
in deionized water, before staining with hematoxylin
and eosin for 1-2 min at room temperature. The
sections were rinsed three times in deionized water,
dehydrated quickly through an ascending series of
ethanol, and passed through xylene before being
mounted with Permount. Slides were viewed with an
Olympus microscope using 10 ×, 40 × and 100 ×
Uplan Apo lenses.

Statistical analysis

Data are expressed as the mean ± standard error of
the mean. Statistical significance was determined by
a two-tailed Student’s t-test or one-way analysis of
variance (ANOVA), and, specifically, a log-rank test
for survival analysis. A P-value < 0.05 was considered
statistically significant. All statistical analyses were
performed using SPSS 13.0 for Windows.
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Figure 1 Protein kinase C-δ expression and activation (Thr 505
phosphorylation) in liver tissue and peripheral blood mononuclear cells
of mice with D-galactosamine/lipopolysaccharide-induced acute liver
failure. Acute liver failure was induced in BALB/c mice using D-galactosamine
(600 mg/kg) and lipopolysaccharide (10 μg/kg). A: PKC-δ expression and Thr505
phosphorylation in liver tissue; B: PKC-δ expression and Thr505 phosphorylation
in peripheral blood mononuclear cells. PKC: Protein kinase C.

Inhibition of PKC-δ activity down-regulates inflammatory
cytokines and reduces liver inflammation and necrosis
in mice with ALF

RESULTS
PKC-δ expression and activation in liver tissue and
PBMCs of mice with D-GalN/LPS-induced ALF

To dissect the role of PKC-δ in ALF, we first detected
whether PKC-δ expression is triggered in GalN/LPSinduced ALF in vivo. Liver tissue samples were
harvested at 0, 0.5, 1 and 3 h, respectively, after
D-GalN/LPS injection. Compared with the negative
control, the expression of PKC-δ in liver tissue was
promptly increased at 0.5 h and 1 h, and then declined
to the basal level after 3 h (Figure 1A). Activation of
PKC-δ is a multistep process that can be assessed
505
by quantifying phosphorylation of Thr in the PKC-δ
activation loop. There was little phosphorylation of
PKC-δ in liver tissue homogenates obtained at 0 and
3 h after ALF induction in mice. In contrast, liver
tissues collected at 0.5 h and 1 h after GalN/LPS
administration had a significant increase in PKC-δ
phosphorylation. As expected, PKC-δ expression and
phosphorylation in PBMCs of mice were also increased
at 0.5 h and 1 h after ALF induction (Figure 1B). These
results suggest that PKC-δ expression and activation in
liver tissue and PBMCs are an early event in the acute
phase of ALF in mice.

Inhibition of PKC-δ activity improves survival and
attenuates serum ALT/AST levels in mice with ALF

For survival analysis, five treatment groups of mice
were used; group Ⅰ received PBS only, and groups
Ⅱ to Ⅴ were pretreated with four doses (0, 1, 2,
and 5 μmol/L) of rottlerin (a PKC-δ specific chemical
inhibitor), respectively, 0.5 h after D-GalN/LPS
challenge. In group Ⅱ, the mice began to die from 6
h, and only 25.0% (3/12) survived at 48 h. However,
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pretreatment with rottlerin increased the survival rate
in a dose-dependent manner. The survival rates were
41.7% (5/12), 58.3% (7/12), and 75.0% (9/12)
within 48 h in mice pretreated with 1, 2, and 5 μmol/L
rottlerin, respectively. In group V, the survival rates
were significantly increased compared with those of
group Ⅱ (P = 0.003) (Figure 2A). Since rottlerin at 5
μmol/L significantly protected the liver from ALF, we
selected 5 μmol/L rottlerin for the following study.
We next investigated whether rottlerin decreases
serum ALT/AST levels. In the surviving mice, the peak
levels of ALT/AST were detected at 12 h, both in the
control and rottlerin treatment groups. However, the
maximum ALT/AST levels were reduced significantly in
the rottlerin treatment group than in the control group
(Figure 2B and C). The maximum ALT/AST levels at
12 h were reduced by 63.8% (P < 0.001) and 63.2%
(P < 0.001), respectively, in the rottlerin treated
group. The ALT/AST levels at 6 h and 24 h were also
decreased significantly in the rottlerin treated group
compared with the control group (P < 0.01). No
significant differences were observed at any of other
time points from 24 h to one week.

Analysis of serum cytokine levels revealed a significant
decrease for TNF-α, IL-1β and IL-6 after rottlerin
treatment (P < 0.01). However, level of the antiinflammatory cytokine IL-10 was not increased in
the rottlerin treatment group (Figure 3A). HMGB1
released by macrophages and damaged or necrotic
cells functions as a DAMP and contributes to the
pathogenesis of ALF. In the control group, serum
HMGB1 level increased at 6 h after ALF induction,
reached the peak at 12 h, and then fall down rapidly.
Serum concentrations of HMGB1 were decreased at
above three time points after rottlerin treatment (Figure
3B). These data demonstrate that inhibition of PKC-δ
activity with rottlerin reduced liver inflammation and
necrosis and decreased proinflammatory cytokine and
HMGB1 levels.
Liver histology was normal in the PBS treated
normal mice (Figure 3C). D-GalN/LPS treatment alone
caused significant hepatic injury in mice at 36 h, where
the necrosis areas were more than 50% of almost
all lobules examined, and panlobular mononuclear
leukocyte infiltration with cytoplasmic vacuolization
and severe distortion of tissue architecture was
observed (Figure 3D). However, rottlerin treated mice
showed only small areas of necrotic and inflammatory
cell infiltration (Figure 3E).

SphK1 dependent PKCδ activation plays an important
role in ALF

Sphk1 plays a critical role in LPS-induced proin
flammatory cytokine release through NF-κB activation
as well as PKC-δ. We speculated that SphK1 is the
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upstream regulator of PKC-δ activation. In order to
verify this hypothesis, we first examined whether
inhibition of SphK1 down-regulates PKC-δ expression
and activation in liver tissue of mice with ALF. As
expected, PKC-δ expression and activation were
indeed inhibited in liver tissue of mice pretreated with
DMS, a SphK1 specific inhibitor (Figure 4A). We next
decided to examine whether SphK1 dependent PKC-δ
activation results in NF-κB activation in macrophages.
In LPS-stimulated macrophages, DMS as well as PKC-δ
inhibitor, rottlerin, largely inhibited LPS-triggered NFκB activation (Figure 4B). These data suggest that
LPS sequentially activate SphK1 and PKC-δ, which
then leads to the activation of NF-κB and subsequent
generation and release of proinflammatory molecules.
Finally, we examined whether SphK1 dependent PKC-δ
activation plays an important role in ALF in mice.
Blockade of SphK1 with 50 μmol/L DMS significantly
decreased mortality (Figure 4C) and serum ALT level
(Figure 4D) compared with the control group (P <
0.01). Taken together, these results indicate that PKC-δ
activation is dependent on SphK1 activation in the ALF
mouse model.
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Figure 2 Inhibition of protein kinase C-δ activity with rottlerin
improves survival and decreases alanine aminotransferase/aspartate
aminotransferase levels in a mouse model of acute liver failure. Animals
were treated with PBS or rottlerin (0, 1, 2 and 5 μmol/L) 30 min before the
induction of acute liver failure with D-galactosamine/lipopolysaccharide. A:
Rottlerin increased the survival rate in a dose-dependent manner. Kaplan-Meier
method was used to analyze the effect of rottlerin (5 μmol/L) on the survival
rates of the animals. aP = 0.003 (log-rank test, F = 16.023); B and C: ALT /AST
levels in peripheral blood samples collected at 6, 12, 24, 48, 72, 120, 144 and
168 h after treatment. Rottlerin treatment significantly decreased the levels of
serum ALT at 6, 12 and 24 h (317.3 U/L ± 119.3 U/L, 2823.7 U/L ± 799.3 U/L,
1195.4 U/L ± 351.9 U/L vs 851.5 U/L ± 233.1 U/L, 7789.8 U/L ± 1473.7 U/L,
3943.8 U/L ± 760.2 U/L, t = 4.17, 10.26 and 11.37, respectively, bP < 0.01) and
AST at 6, 12 and 24 h (221.1 U/L ± 124.3 U/L, 2579.1 U/L ± 596.4 U/L, 827.9
U/L ± 242.6 U/L vs 853.7 U/L ± 212.7 U/L, 7003.2 U/L ± 1179.6 U/L, 2991.2 U/
L ± 629.1 U/L, t = 8.89, 11.59 and 11.11, respectively, bP < 0.01) vs the control
group. The mean ± SE of three independent experiments is shown (error bar
indicates SE). Rot: Rottlerin; ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase.
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ALF is an acute inflammatory process of the liver and
[15]
may lead to SIRS . It can be caused by hepatotoxic
drugs and diseases such as hepatitis associated
[19,20]
cirrhosis, and complicated with other diseases
.
PKC-δ has been implicated in the inflammatory
response and regulates macrophage cytokine
production through NF-κB activation. However, the
potential role for PKC-δ in the systemic inflammatory
response in ALF has not been explored. In in vivo
experiments, compared with PBS treated normal
mice, administration of LPS together with a sublethal dose of D-GalN induced more severe hepatic
damage accompanied by necrotic changes and sever
inflammation in the liver, which is similar to the
[14]
manifestation of human liver failure . Therefore, it is
of interest to further investigate the hepatoprotective
potential and mechanism of PKC-δ inhibition in D-GalN/
LPS-induced ALF.
PKC-δ is mainly expressed in neutrophils and
macrophages. Kupffer cells (KCs) are the liver
resident macrophages and constitute most of tissue
macrophages. During ALF, there is a remarkable
increase of activated hepatic macrophages, and partial
deletion of KCs with GdCL3 attenuates D-GalN/LPS[21]
induced ALF .
PKC-δ has been identified as a critical inflammatory
regulator and it controls proinflammatory response
[8,9]
through NF-κB activation
. PKC-δ inhibition
[10]
prevented neutrophil adherence and migration .
Thus, PKC-δ may have an important regulatory role
in the inflammatory response. Our current study
505
demonstrates that expression and activation (Thr
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Figure 3 Inhibition of protein kinase C-δ activity with rottlerin down-regulates serum levels of inflammatory cytokines and reduces immune cell infiltration
and tissue damage in mice with acute liver failure. A: Rottlerin reduced serum levels of TNF-α, IL-1b and IL-6 significantly (77.22 pg/mL ± 28.56 pg/mL vs 211.21
pg/mL ± 49.13 pg/mL; 15.79 pg/mL ± 7.66 pg/mL vs 39.83 pg/mL ± 18.78 pg/mL; 19.25 pg/mL ± 5.23 pg/mL vs 49.44 pg/mL ± 10.77 pg/mL, t = 8.16, 4.10 and 8.73,
respectively, bP < 0.01), but did not increase the anti-inflammatory cytokine IL-10 level at 12 h; B: Rottlerin reduced HMGB1 levels at 6, 12 and 24 h in mice (18.14
ng/mL ± 4.08 ng/mL vs 60.23 ng/mL ± 5.47 ng/mL; 16.21 ng/mL ± 5.11 ng/mL vs 67.14 ng/mL ± 14.27 ng/mL; 15.42 ng/mL ± 6.23 ng/mL vs 48.71 ng/mL ± 15.6
ng/mL, t = 9.13, 11.64 and 6.85, respectively, bP < 0.01); C: Normal mice; D: Acute liver failure mice; E: Rottlerin treated mice. The mean ± SE of three independent
experiments is shown (error bar indicates SE). Immune-cell infiltration and tissue damage at 36 h after induction of acute liver failure were detected by H&E staining
(magnification, × 100). TNF: Tumor necrosis factor; IL: Interleukin.

phosphorylation) of PKC-δ in the liver tissue and
PBMCs were promptly increased at 0.5 and 1 h after
ALF induction. These results suggest that PKC-δ
expression and activation in the liver are an early
event in the acute phase of ALF.
To address the functional significance of PKC-δ
in ALF, we treated mice with rottlerin, a PKC-δ
specific chemical inhibitor. Pretreatment with rottlerin
increased the survival rate in a dose-dependent
manner in the D-GalN/LPS-induced ALF model. In
the surviving mice, peak liver enzyme levels were
detected at 12 h, and the maximum ALT/AST levels
were reduced significantly in the rottlerin treatment
group. Furthermore, rottlerin treated mice showed
only small areas of necrotic and inflammatory cell
infiltration at 36 h. However, mice treated with D-GalN/
LPS alone had significant hepatic injury at the same
time points, where the necrosis areas were more than
50% of almost all lobules examined, and panlobular
mononuclear leukocyte infiltration with cytoplas
mic vacuolization and severe distortion of tissue
architecture was observed. These data demonstrate
that inhibition of PKC-δ activity with rottlerin improved
the survival rate, attenuated liver enzyme release, and

WJG|www.wjgnet.com

reduced liver inflammation and necrosis in ALF mice.
To the best of our knowledge, this is the first time
that PKC-δ activation was found to be critical for the
development of ALF.
Although etiology of ALF varies in different areas, the
resulting clinical manifestations are remarkably similar,
and this reflects common patterns of innate immune
[22]
responses . Among many others, proinflammatory
cytokines (TNF-α, IL-1β and IL-6) may play a common
role in the pathophysiology of ALF. In this study,
inhibition of PKC-δ decreased proinflammatory cytokine
levels, indicating that PKC-δ may positively participates
in innate immune responses in liver injury. HMGB1 is
a non-histone nuclear protein ubiquitously expressed
in eukaryotes and exerts distinct functions at diff
erent subcellular localizations. Within the nucleus,
HMGB1 plays an important role in the regulation of
[23]
gene transcription . Upon release by phagocytes
[24-27]
and damaged/necrotic cells
, extracellular
HMGB1 functions as a DAMP and contributes to the
[28,29]
pathogenesis of various inflammatory diseases
.
HMGB1 exerts its effects through a number of the Toll[27]
like receptors (TLR2/4)
and leads to the activation
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Figure 4 Sphingosine kinase 1 dependent protein kinase C-δ activation in lipopolysaccharide-stimulated macrophages and in the acute liver failure
mouse model. Animals were treated with vehicle or DMS (50 μmol/L) 30 min before the induction of acute liver failure. A: Inhibition of Sphk1 activity with DMS downregulated PKC-δ expression and phosphorylation of Thr505 in liver tissue of mice; B: DMS and rottlerin down-regulated NF-κB activity in LPS treated macrophages;
C: Kaplan-Meier analysis of the effect of DMS on the survival rate of the animals. cP = 0.001 (log-rank test, F = 14.841); D: Serum ALT levels at 6, 12, 24, 48, 72,
120, 144 and 168 h after treatment. DMS treatment decreased the levels of serum ALT at 6, 12 and 24 h (203.1 U/L ± 56.9 U/L, 2196.3 U/L ± 676.3 U/L, 982.3 U/L
± 255.9 U/L vs 453.7 U/L ± 102.3 U/L, 6993.6 U/L ± 1209.5 U/L, 2991.1 U/L ± 678.5 U/L, t = 3.79, 9.52 and 8.66, respectively, bP < 0.01). The mean ± SE of three
independent experiments is shown (error bar indicates SE). DMS: N,N-dimethylsphingosine; SphK1: Sphingosine kinase 1; PKC: Protein kinase C; ALF: Acute liver
failure; LPS: Lipopolysaccharide.

of immune cells and consequent release of multiple
[30]
proinflammatory cytokines . In animal models of
infection or local tissue injury, HMGB1 functions as
a critical mediator of systemic or local inflammatory
[31]
injury . As a result, HMGB1 has been established
as a late mediator of lethal systemic inflammatory
disease. In the clinical setting, elevated serum HMGB1
levels have been described in patients with sepsis,
[24,32-35]
pneumonia and acute pancreatitis
, as well
[36]
as ALF . In this study, PKC-δ inhibitor attenuated
serum HMGB1 level, indicating that HMGB1 positively
participates in inflammatory responses in ALF.
Sphk1 play a critical role in LPS-induced release of
proinflammatory cytokines through NF-κB activation
as well as PKC-δ. This led us to speculate that
SphK1 is the upstream regulator of PKC-δ activation.
In our study, inhibition of SphK1 indeed downregulated PKC-δ expression and activation in liver
tissue of mice with ALF. Furthermore, DMS, a SphK1
inhibitor, as well as rottlerin, a PKC-δ inhibitor, largely
inhibited LPS-triggered NF-κB activation in LPS-
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stimulated macrophages. These data suggest that LPS
sequentially activates SphK1 and PKC-δ, which then
leads to NF-κB activation and subsequently promotes
proinflammatory cytokine production. Finally, blockade
of SphK1 with 50 μmol/L DMS significantly decreased
mortality and serum ALT level in ALF mice. Taken
together, these results indicate that PKC-δ activation is
dependent on SphK1 in the ALF mouse model.
In summary, PKC-δ expression and activation
are up-regulated in the liver of mice with ALF and
are an early event in the acute phase of ALF. PKC-δ
inhibition represents a potent strategy for inhibiting
the inflammatory response in ALF. This approach
may attenuate liver enzyme release, reduce liver
inflammation and necrosis, decrease proinflammatory
cytokine levels, and ultimately improves survival in
ALF. Furthermore, SphK1 dependent PKC-δ activation
may play an important role in ALF. Further preclinical
studies with PKC-δ inhibitors may result in the
development of a new clinically applicable therapeutic
strategy for ALF in the future.
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Abstract
AIM: To investigate the roles and interactions of mutT
homolog (MTH)-1 and hypoxia-inducible factor (HIF)-1α
in human colorectal cancer (CRC).
METHODS: The expression and distribution of HIF1α and MTH-1 proteins were detected in human CRC
tissues by immunohistochemistry and quantitative realtime polymerase chain reaction (qRT-PCR). SW480
and HT-29 cells were exposed to normoxia or hypoxia.
Protein and mRNA levels of HIF-1α and MTH-1
were analyzed by western blotting and qRT-PCR,
respectively. In order to determine the effect of HIF-1α
on the expression of MTH-1 and the amount of 8-oxodeoxyguanosine triphosphate (dGTP) in SW480 and
HT-29 cells, HIF-1α was silenced with small interfering
RNA (siRNA). Growth studies were conducted on cells
with HIF-1α inhibition using a xenograft tumor model.
Finally, MTH-1 protein was detected by western blotting
in vivo .
RESULTS: High MTH-1 mRNA expression was detected
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in 64.2% of cases (54/84), and this was significantly
correlated with tumor stage (P = 0.023) and size (P
= 0.043). HIF-1α protein expression was correlated
significantly with MTH-1 expression (R = 0.640; P <
0.01) in human CRC tissues. Hypoxic stress induced
mRNA and protein expression of MTH-1 in SW480 and
HT-29 cells. Inhibition of HIF-1α by siRNA decreased
the expression of MTH-1 and led to the accumulation
of 8-oxo-dGTP in SW480 and HT-29 cells. In the in
vivo xenograft tumor model, expression of MTH-1 was
decreased in the HIF-1α siRNA group, and the tumor
volume was much smaller than that in the mock siRNA
group.
CONCLUSION: MTH-1 expression in CRC cells was
upregulated via HIF-1α in response to hypoxic stress,
emphasizing the crucial role of HIF-1α-induced MTH-1
in tumor growth.
Key words: hypoxia-inducible factor-1α; colorectal
cancer; MutT homolog-1; 8-oxo-dGTP; hypoxia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hypoxia is a common characteristic of solid
tumors. However, the relationship between hypoxiainducible factor (HIF)-1α and the human mutT homolog
(MTH)-1 had not been clearly investigated. The present
study revealed a new mechanism through which HIF1α upregulates MTH-1 expression in colorectal cancer
and provided evidence that hypoxia enhances the
expression of MTH-1, likely by modulating HIF-1α
protein level. These results emphasize the important
role of HIF-1α-induced MTH-1 in tumor progression.
Qiu Y, Zheng H, Sun LH, Peng K, Xiao WD, Yang H. Hypoxiainducible factor-1 modulates upregulation of mutT homolog-1 in
colorectal cancer. World J Gastroenterol 2015; 21(48): 13447-13456
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i48/13447.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i48.13447

INTRODUCTION
Colorectal cancer (CRC) is one of the most lethal solid
tumors of the gastrointestinal tract and is especially
common in elderly populations. In 2008, there were
an estimated 1.23 million new cases of CRC and
[1]
608700 deaths . Early diagnosis results in a favorable
prognosis, such that stage Ⅰ and stage Ⅱ disease
have an 80%-90% 5-year survival. In contrast, 5-year
[2]
survival is only 8.1% for stage Ⅳ . The propensity
for tumors to progress and metastasize reflects not
only the oncogenic mutations in the cancer cells but
also dynamic interactions between tumor cells and
[3]
their local microenvironment . Understanding these
processes has advanced both our understanding of the
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underlying causes of CRC and our ability to innovate
novel cancer treatment strategies.
Hypoxia is a common feature in most solid human
tumors. It has been hypothesized that exposure
to hypoxia is associated with oxidative stress and
elevated levels of oxidatively damaged DNA [e.g.,
[4]
8-oxo-deoxyguanosine triphosphate (dGTP)] .
Accumulation of oxidized bases in either nuclear or
mitochondrial DNA triggers various cellular dysfunctions,
including mutagenesis and programmed cell death or
[5]
senescence . To offset oxidative damage to nucleic
acids, tumor cells are equipped with antioxidant
enzymes like human mutT homolog (MTH)-1. MTH-1 is
able to eliminate oxidized deoxynucleotide triphosphates
(dNTPs) before they are incorporated into DNA by
hydrolyzing 8-oxo-dGTP and 2-hydroxy-dATP to
[6]
the monophosphate . Correlation between MTH-1
expression and clinical stage was previously discussed
with regard to non-small cell lung carcinomas and breast
[7,8]
tumors . Furthermore, it has been suggested that
MTH-1 represents a molecular marker of oxidative stress
and can be used to explore the relationship between
[9]
oxidative stress and genomic instability .
The search for factors affecting the progression
and behavior of tumors has revealed the importance
of the microenvironment surrounding the tumor
cells. Hypoxia-inducible factor (HIF)-1 is a major
transcriptional factor for tumor cells growing in a
[10]
low-oxygen environment . HIF-1 is a heterodimer
composed of an inducible HIF-1α subunit and a HIF-1β
subunit. HIF-1β is a nuclear protein that is constitutively
expressed and functions independently of oxygen
tension. HIF-1α, in contrast to HIF-1β, is a cytoplasmic
protein responsive to oxygen levels. Therefore, all
HIF-1 activity is determined by the intracellular level
[11]
of HIF-1α . Hypoxia induces HIF-1α, which binds
to the hypoxia-response elements present in target
genes, controlling glucose transport, angiogenesis,
erythropoiesis, and intracellular homeostasis and
[12]
potentially increasing the survival of tumor cells .
DNA microarray analysis suggests that more than 2%
of all human genes in endothelial cells are regulated
[13]
by HIF-1α . It is well accepted that hypoxia in the
depth of solid tumors and cell survival often coexist
during tumor growth and that experimental hypoxia
provokes base excision repair (BER) changes in
[14]
CRC cells . However, little is known about hypoxic
status in vivo and its functional relationship with the
expression of MTH-1 in CRCs. Therefore, we first
examined the expression and localization of HIF-1α
immunohistochemically in relation to MTH-1 in CRC.
Based on the topological correlation between the two
molecules, we hypothesized that MTH-1 expression
may be upregulated by hypoxic conditions to facilitate
colorectal tumor growth. In this case, regulation of
HIF-1α-induced MTH-1 expression might represent a
novel therapeutic target in CRC.
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MATERIALS AND METHODS
Cell culture

SW480 and HT-29 cells were maintained in Roswell
Park Memorial Institute (RPMI)-1640 medium
(HyClone; Thermo Fisher Scientiﬁc, Inc., Pittsburgh,
PA, United States) supplemented with 10% fetal
bovine serum (Gibco, Life Technologies, Carlsbad, CA,
United States) and antibiotics (1% penicillin and 1%
streptomycin) at 37 ℃ with 95% air and 5% CO2.
To expose cells to a hypoxic environment, cells were
placed in an airtight chamber with inﬂow and outﬂow
valves infused with a gas mixture (1% O2, 5% CO2,
and 94% N2).

Patients and tissues

Overall, 84 patients (58 males, 26 females) diagnosed
with CRC at the Department of Pathology, Xinqiao
Hospital, Third Military Medical University, China, were
enrolled in the study. All specimens were resected
surgically between 2012 and 2014, and the diagnoses
were confirmed pathologically. No patient had received
preoperative chemotherapy or radiotherapy. None of
the patients had a known history of familial polyposis
syndrome or hereditary nonpolyposis colorectal cancer
syndrome. Tumor stage was deﬁned according to
the CRC staging standard by the International Union
Against Cancer. All specimens were classified according
to the differentiation degree: 15 cases were well
differentiated, 39 were moderately well differentiated,
and 30 were poorly differentiated. Each tissue was
used with the approval of the Ethics Committee of the
Xinqiao Hospital, Third Military Medical University, after
obtaining written informed consent from the patients.

Immunohistochemical staining

The tissues were fixed in 4% paraformaldehyde,
cut into 4 μm sections, treated with 0.5% hydrogen
peroxide in methanol, blocked for 45 min, and
subsequently incubated with anti-hMTH-1 (1:250;
Abcam, Cambridge, United Kingdom), anti-HIF-1α
(1:350; Abcam), or purified rabbit immunoglobulin
G (IgG) (10 mg/mL; negative control) overnight at
4 ℃. Following incubation with biotinylated secondary
goat anti-rabbit antibody (Zhongshan Golden Bridge,
Beijing, China) and an avidin-biotin-peroxidase
complex (Zhongshan Golden Bridge) for 45 min
at 37 ℃ , respectively, slides were colored using
diaminobenzidine, and nuclei were counterstained
with Mayer’s modiﬁed hematoxylin and mounted with
polyvinylpyrrolidone. The histological examination was
performed under a light microscope (400 ×).

Transfection

Human-specific HIF-1α small interfering RNA (siRNA)
and a nontargeting control siRNA were synthesized
and puriﬁed by Sangon Biotech (Shanghai, China).
Target sequence for human HIF-1α siRNA was
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5’-GGAAATGAGAGAAATGCTTAC-3’, and target
sequence for nonsilencing siRNA (mock) was
5’-AATTCTCCGAACGTGTCACGT-3’. SW480 and HT-29
5
cells were plated at a concentration of 8 × 10 cells
per well in six-well plates on the day before siRNA
transfection. After 24 h, the cells were transfected with
siRNA in Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, United States) reagent. After incubation for 6 h,
medium was replaced with fresh RPMI-1640. According
to the indicated time, the cells were incubated for
subsequent studies.

Quantitative real-time polymerase chain reaction

Samples of tumor and normal tissue were immediately
immersed in RNA later solution (Qiagen, Hilden,
Germany) and stored at -80 ℃ until processed. Total
RNA from cells or tissues was extracted using the
commercial RNeasy mini kit (Qiagen). Total RNA was
transcribed with a PrimeScript RT reagent kit (Takara
Bio, Shiga, Japan). Quantitative real-time polymerase
chain reaction (qRT-PCR) assays were performed using
the Thermal Cycler Dice Real Time System Ⅱ (Takara
Bio) and SYBR Premix Ex Taq Ⅱ (Takara Bio). Primer
sequences used in this study were designed as follows:
HIF-1α (forward 5’-GCCGCTGGAGACACAATCATA-3’
and reverse 5’-GGTGAGGGGAGCATTACATCAT-3’),
MTH-1 (forward 5’-TAGTCAGCTGTTAGACTCCCTGC-3’,
reverse 5’-GTGGAAAGCACACCAACAGG-3’), β-actin
(forward 5’-ATCATGTTTGAGACCTTCAA-3’, reverse
5’-CATCTCTTGCTCGAAGTCCA-3’). PCR denaturing
was set at 94 ℃ for 5 min, and annealing/extending
was set at 59 ℃ for 1 min, for a total of 40 cycles. The
speciﬁcity of the ampliﬁed PCR products was assessed
by a melting curve analysis. The expression of each
gene was normalized to β-actin expression in the
individual samples.

Western blotting

The cells were washed twice with phosphatebuffered saline (PBS) before lysis in cold RIPA buffer
(PBS, 1% Nonidet P-40 (NP-40), 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 1
mg/mL (p-amidinophenyl) methanesulfonyl fluoride
hydrochloride, 1.0 mmol/L sodium orthovandate, 1 ×
mammalian protease inhibitor cocktail (Sigma-Aldrich,
St Louis, MO, United States). The protein concentration
was determined according to the Bradford method
using bicinchoninic acid (BCA) assay reagent (Beyotime,
Beijing, China). Samples (25 µg protein) were resolved
on 8%-12% SDS-polyacrylamide gel electrophoresis
(PAGE) and then electrophoretically transferred to a
polyvinylidene ﬂuoride membranes (Millipore, Bedford,
MA, United States). Membranes were blocked in 5%
bovine serum albumin for 1 h at room temperature
and then incubated with antibodies overnight at
4 ℃: anti-MTH-1 (1:500), anti-HIF-α (1:1000), and
anti-β-actin (1:1000). The membranes were then
washed three times in Tris-buffered saline with Tween
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conditions. All animal use procedures were in strict
accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals and
were approved by the Third Military Medical University
Animal Care Committee. SW480 and HT-29 cells (5
5
× 10 ) suspended in 0.1 mL serum-free medium
were implanted subcutaneously into nude mice. After
3
the tumor volume reached 50-70 mm , which was
2
calculated according to the formula V = 0.5 × L × S (L:
long diameter; S: short diameter), the animals were
divided into interference and mock groups. According
[15]
to the method of Filleur et al , the mice were
intraperitoneally injected with 3 µL siRNA or mock
siRNA suspended in 50 µL saline three times per week.
Tumors were monitored by measuring their volume
with a caliper. After 48 d, animals were killed, and the
tumor was dissected for further study.

Table 1 Associations of tumor characteristics with mutT
homolog-1 mRNA relative expression in colorectal cancer
Characteristics
Total
Age (yr)
≤ 60
> 60
Gender
Male
Female
Differentiation degree
Well and moderate
Poor
Tumor size (cm)
≤3
>3
Stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

n (%)

MTH-1
means ± SD

P value

39 (46.43)
45 (53.57)

3.782 ± 4.017
2.720 ± 1.993

0.3921

58 (69.05)
26 (30.95)

3.002 ± 2.609
4.146 ± 3.449

0.2981

52 (61.90)
32 (39.10)

3.549 ± 2.971
2.666 ± 3.302

0.2091

32 (38.10)
52 (61.90)

1.673 ± 1.342
4.159 ± 3.593

0.0431

51 (60.71)
33 (29.29)

2.098 ± 1.627
4.935 ± 4.028

0.0232

84 (100)

Statistical analysis

1

One-way ANOVA test; 2Mann–Whitney U test. MTH-1: MutT homolog-1.

(TBST) (50 mmol/L Tris-HCl pH 7.5, 140 mmol/L
NaCl, 0.1% Tween) and incubated with secondary
antibody at room temperature for 1 h. An enhanced
chemiluminescence (ECL) reagent, ECL western
blotting detection reagent (Amersham Life Sciences,
Chalfont St. Giles, United Kingdom), was used to
enable the labeled protein bands to be detected with
Image Station 4000R (Kodak, New Haven, CT, United
States).

8-oxo-dG assay

The DNA hydrolysates were dissolved in high
performance liquid chromatography (HPLC) grade
water and filtered through a 0.2-μm syringe filter
before applying the samples to a Waters ODS HPLC
column (4.6 mm × 250 mm), 5-μm particle size
(Milford, MA, United States). The running buffer for
8-oxo-dGTP from nuclear and mitochondrial DNA
was 50 mmol/L potassium phosphate (pH 5.1) in
5% acetonitrile, and the retention time was 7.5 min.
Detection of 8-oxo-dG required an electrochemical
detector (Coulochem 5100H, Interscience, Breda, The
Netherlands) with a 5021 conditioning cell and 5010
analytical cell. Standard samples of dGTP and 8-oxodGTP were analyzed to ensure their correct separation
and to allow identification of those derived from
cellular DNA. Three determinations were made on
each hydrolyzed pooled sample, one of them including
a spike of standard 8-oxo-dGTP, and the average of
the two unspiked replicates was used in the calculation
of mean values shown in the Tables.

Animal study

Five-week-old female BALB/C nude mice were
purchased from the Laboratory Animal Center of
Third Military Medical University and were maintained
in speciﬁc pathogen-free units under isothermal
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All the data were repeated three times and analyzed
by Graphpad Prism version 6.0 (La Jolla, CA, United
States). Data of immunohistochemical staining were
analyzed by using Fisher’s exact probability test. Oneway analysis of variance (ANOVA) and the MannWhitney U test were used to analyze quantitative
data, and P < 0.05 was considered to be statistically
significant.

RESULTS
Relationship between transcription level of MTH-1 and
clinicopathological features of CRC

MTH-1 mRNA level was measured in 84 matched pairs
of CRC/adjacent histologically normal mucosa tissue
samples by qRT-PCR. The tumor/normal ratio of MTH-1
expression (T/N ratio) in each case was calculated.
All of the normal colorectal mucosa expressed MTH-1
mRNA in low amounts. Relative overexpression of
MTH-1 mRNA (T/N ratio ≥ 1.5) was observed in 54 of
84 (64.2%) CRCs (Table 1). The relationship between
expression of the MTH-1 gene and clinicopathological
features of the CRC was examined. Stage Ⅲ /Ⅳ
tumors exhibited significantly higher levels of MTH-1
mRNA relative to early-stage tumors. A significant
difference was also observed for tumor size (P = 0.043,
Table 1). No significant differences were observed in
age, gender, and histological differentiation.

Correlation of MTH-1 and HIF-1α expression in CRC
tissues

To investigate the association between HIF-1α
and MTH-1 expression in CRC, we performed
immunohistochemical staining for these proteins in
tissue specimens from 84 CRC patients. Staining for
HIF-1α and MTH-1 in representative clinical samples
is shown in Figure 1. Among the 84 CRC specimens,
66.7% (56/84) and 60.0% (47/84) were positive for
HIF-1α and MTH-1 expression, respectively. HIF-1α
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Normal

Moderately

Poorly

HIF-1α

MTH-1

100 mm

Figure 1 Images of three groups defined by immunohistochemical staining for hypoxia-inducible factor-1α and mutT homolog-1 in normally,
moderately, and poorly differentiated colorectal cancer. No HIF-1α immunoreactivity was detected in normal colorectal mucosa (A). Moderate to strong HIF-1α
immunoreactivity was detected in the cytoplasm of tumor cells in moderately or poorly differentiated colorectal adenocarcinoma (B and C). MTH-1 immunoreactivity
of normal colon mucosa was faint in the cytoplasm, and strong cytoplasmic immunostaining was observed in lymphoid cells (D). Moderately differentiated and poorly
differentiated colorectal adenocarcinoma exhibited strong cytoplasmic staining for MTH-1 protein (E and F). Original magnification, × 400. HIF-1α: Hypoxia-inducible
factor-1α; MTH-1: MutT homolog-1.

determined by qRT-PCR from cells exposed to hypoxia
for 0, 48, and 72 h. Hypoxia enhanced the levels of
MTH-1 mRNA in a time-dependent manner (Figure
2A and C). Protein levels of MTH-1 were markedly
increased after exposure to hypoxia for 48 h and 72 h
(Figure 2B and D).

Table 2 Association analysis between mutT homolog-1 and
hypoxia-inducible factor-1 expression in human colorectal
cancer tissue
HIF-1α (n )

MTH-1
Positive
Negative
Total

Total

Positive

Negative

43
13
56

4
24
28

47
37
84

Effects of HIF-1α on expression of MTH-1 in colon
cancer cell lines under hypoxic conditions

R = 0.640; P < 0.001. MTH-1: MutT homolog-1; HIF-1α: Hypoxia-inducible
factor-1α.

was predominantly expressed in the cytoplasm and
nucleus of the tumor cells, while MTH-1 was largely
expressed in the cytoplasm. However, there was no
expression or only weak expression of both proteins in
the corresponding normal tissue. The expression level
of HIF-1α and MTH-1 was signiﬁcantly higher in CRC
tissues compared with corresponding normal tissues.
Coexpression of HIF-1α and MTH-1 was detected in 43
(51.2%) patients. Spearman analysis showed that the
expression level of HIF1-α was significantly associated
with MTH-1 expression (r = 0.640, P < 0.01; Table 2).

Expression of MTH-1 in colon carcinoma cells after
normoxic and hypoxic incubation

SW480 and HT-29 cells were incubated under normoxic
and hypoxic conditions. mRNA levels of MTH-1 were
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A major increase in MTH-1 was observed after 72 h
of hypoxia, therefore, this time point was chosen for
the following experiments. As shown in Figure 3A-D,
transfection with HIF-1α siRNA markedly reduced
the mRNA expression level of HIF-1α (P < 0.01) and
expression of HIF-1α protein (P < 0.01). Upregulation
of MTH-1 mRNA, induced by hypoxia, was signiﬁcantly
attenuated when HIF-1α expression was knocked
down by siRNA (Figure 3E). Consistent with this
observation, the HIF-1α siRNA also decreased MTH-1
protein expression in response to hypoxia (Figure 3F).
To determine whether the downregulated expression
of MTH-1 was involved in BER, levels of 8-oxo-dGTP
were measured by HPLC/electrochemical detection in
nucleoside mixtures prepared from DNA of two strains
of CRC cells (SW480 and HT-29). These cells displayed
elevated residual 8-oxo-dGTP base lesions at 48 and
72 h following hypoxia treatment. As shown in Figure
3G, transfection with HIF-1α siRNA markedly increased
the level of 8-oxo-dGTP.
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Figure 2 Hypoxic stress-induced mutT homolog-1 expression in colon carcinoma cell lines. SW480 and HT-29 cells were incubated under normal or hypoxic
conditions. mRNA relative expression of MTH-1 was evaluated by qRT-PCR, as shown in A and C (48 h: P = 0.013, P = 0.041; 72 h: P = 0.000, P = 0.000). Protein
levels of MTH-1 were evaluated by western blotting, as shown in B and D. aP < 0.05, bP < 0.01, normoxia vs hypoxia. MTH-1: MutT homolog-1; qRT-PCR: Quantitative
real-time polymerase chain reaction.

Effects of HIF-1α on MTH-1 in the in vivo xenograft
tumor model

To determine the effect of HIF-1α on MTH-1 expression
and CRC tumor growth in vivo, SW480 and HT-29
cells suspended in serum-free medium were
subcutaneously implanted into nude mice, and siRNA
was intraperitoneally injected. Growth of the xenograft
tumor was studied by tumor growth curve. There was
a significant difference in tumor growth between the
HIF-1α interference group and the mock group after
20 d (Figure 4A and B). MTH-1 protein expression was
analyzed in the xenograft tumor by western blotting. As
shown in Figure 4C, MTH-1 proteins showed a marked
reduction in the siHIF-1α group as compared with the
mock group.

DISCUSSION
Regions of acute and chronic hypoxia exist within solid
tumors and can lead to increased rates of mutagenesis
and/or altered DNA damage and repair protein
expression. The MTH-1 protein sanitizes oxidized dNTP
pools to prevent incorporation of damaged bases
[16]
during DNA replication . Recent studies showed
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that MTH-1 protein may be a potent promoter of
tumorigenic growth and that MTH-1 catalytic activity
[17,18]
is markedly increased in many cancers
, which is
an example of non-oncogene addiction and probably
a survival response to prevent cell death induced
by oxidative DNA damage. In the present study, we
analyzed the expression patterns of MTH-1 mRNA in
CRC. We found a relative overexpression of MTH-1
mRNA (T/N ratio ≥ 1.5) in 64.2% of CRCs. In
addition, we observed that advanced-stage tumors
exhibited significantly higher levels of MTH-1 mRNA
relative to early-stage tumors. Although the number
of cases analyzed in this study was not sufficient to
draw any definitive conclusion, these results suggest
that the level of oxidative stress in CRC increases with
the stage of the disease. Our data are consistent with
previous reports in which expression of MTH-1 showed
significant correlation with aggressive features of
[6]
CRC, such as tumor size and advanced stage . Thus,
MTH-1 seems to be a highly valuable marker that is
closely associated with survival and dissemination of
CRC cells, conferring a survival advantage through the
inhibition of oxidative-stress-induced DNA damage.
A recent study demonstrated that expression of
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Figure 3 Hypoxia-inducible factor-1α is involved in hypoxia-enhanced expression of mutT homolog-1. SW480 and HT-29 cells transfected with either siRNA
targeting HIF-1α or mock siRNA were exposed to hypoxia for 72 h or normoxia. qRT-PCR showed that siRNA targeting HIF-1α signiﬁcantly inhibited expression of HIF1α mRNA in colon cancer cells as compared to cells treated with mock siRNA(P = 0.0003, P = 0.0007) (A and C). Western blotting showed that siRNA targeting HIF-1α
signiﬁcantly suppressed expression of HIF-1α protein under hypoxia, but the mock siRNA group was unaffected (B and D). MTH-1 mRNA expression and MTH-1 protein
were decreased by silencing of HIF-1α at 72 h (P = 0.002, P = 0.003) (E and F). The residual 8-oxo-dGTP base lesions were markedly higher in the HIF-1α siRNA groups
compared to the mock siRNA groups of SW480 and HT-29 cells (G) (48 h: P = 0.011, P = 0.016; 72 h: P = 0.003, P = 0.000). aP < 0.05, bP < 0.01 vs control. NS: Nonsignificant; siRNA: Small interfering RNA; HIF-1α: Hypoxia-inducible factor-1α; MTH-1: MutT homolog-1; qRT-PCR: Quantitative real-time polymerase chain reaction.
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Figure 4 Effects of siRNA of hypoxia-inducible factor-1α on tumor growth and mutT homolog-1 expression in a nude mouse xenograft tumor model.
Tumor volume in the mouse interference group measured by calipers was significantly lower than that in the mock group of SW480 and HT-29 cells (A and B) (20 d:
P = 0.004, P = 0.001; 48 d: P = 0.000, P = 0.000). Western blotting revealed that expression of MTH-1 protein was inhibited by silencing of HIF-1α (C). bP < 0.01, vs
control. HIF-1α: Hypoxia-inducible factor-1α; siRNA: Small interfering RNA; MTH-1: MutT homolog-1.

BER proteins in CRC cells was adaptable and strongly
[14]
dependent on the tumor microenvironment .
Thus, we focused on hypoxia, which has been
documented in colorectal tissues, ranging from normal
[19,20]
mucosa to benign adenoma and carcinoma
.
In colonic adenocarcinoma, HIF-1α overexpression
was associated with angiogenesis, invasion, and
[21]
metastasis . We found HIF-1α expression in 56
(66.7%) of 84 CRCs. Moreover, correlation analysis
showed that expression of HIF-1α was positively
correlated with that of MTH-1. In our study, expression
of HIF-1α was mainly localized to the cytoplasm of
tumor cells and was observed diffusely throughout
the entire tumor tissue. MTH-1 immunoreactivity of
normal colon mucosa was faint in the cytoplasm, and
strong cytoplasmic immunostaining was observed in
lymphoid cells. In contrast, MTH-1 immunoreactivity
was markedly increased in the cytoplasm of tumor
cells. Its immunoreactivity was stronger than that of
normal mucosal epithelium. With respect to tumor
biology, our results suggest that tumor cells that
experience hypoxia may express MTH-1, leading to
acquired genetic stability and contributing to tumor
progression.
Based on the above findings, we hypothesized
that hypoxia may directly or indirectly upregulate the
expression of MTH-1, resulting in the tumor progression
observed in CRC. In this study, we demonstrated
that expression of MTH-1 was upregulated in SW480
and HT-29 cells that were exposed to hypoxic stress.
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Upregulation of MTH-1 mRNA and protein in SW480
and HT-29 cells was observed after exposure to 48 and
[14]
72 h of hypoxic stress. However, Chan et al
showed
no signiﬁcant changes in mRNA and protein levels of
MTH-1 in RKO human CRC cell line after exposure to 72
h hypoxia of 0.2% O2. They also demonstrated that the
expression of MTH-1 and other BER genes (MYH and
OGG1) was independent of the p53 gene in the RKO
cell line. Although difference in the types of cells may
account for the different cellular responses in MTH-1
expression, these results suggest that expression of
MTH-1 is dynamically regulated by hypoxic stress.
To confirm that MTH-1 is induced by HIF-1α, siRNA
was used to decrease the expression of HIF-1α. We
found that hypoxia-induced MTH-1 expression was
HIF-1α dependent, as demonstrated by the ability
of HIF-1α siRNA to inhibit hypoxia-induced MTH-1
upregulation in SW480 and HT-29 cells. The effect of
siHIF-1α on suppression of MTH-1 protein level was
limited. This may have been due to the long half[22]
life of the MTH-1 protein . However, even a minor
increase in BER protein levels may have important
implications for carcinogenesis and tumor progression
[23]
in the colon . Notably, we found that the cells in the
siHIF-1α groups displayed increased residual base
damage at 72 h following hypoxia. This result suggests
that hypoxic stress induces the corresponding defensive
mechanisms, producing higher levels of defensive
mechanisms against 8-oxo-dGTP accumulation in tumor
[24]
cells, as previously suggested by Kennedy et al .
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In the in vivo xenograft tumor model, siRNA was
intraperitoneally injected. Twenty days later, the tumor
volume of the siHIF-1α group was smaller than that in
the mock group. We also found that the reduction in
HIF-1α significantly reduced the expression of MTH-1
in CRC cells in vivo. These results support a role for
HIF-1α in mediating MTH-1 expression in CRC and
imply that MTH-1 and HIF-1α together play a role
in the growth of CRC. Silencing of HIF-1α facilitated
residual base damage and inhibited tumor growth in
this study. However, whether or not HIF-1α is a good
target for the development of cancer therapeutics
requires further investigation. Since it has a large
number of downstream genes, HIF-1α may play a
[25,26]
complex role in cancer biology
. Results of a recent
paper validated MTH-1 as an anti-cancer target in
vivo and described certain small molecules as first-inclass nudix hydrolase family inhibitors that potently
and selectively engage and inhibit the MTH-1 protein
[27,28]
in tumor cells
. Together, these results exemplify
the non-oncogene addiction concept for anti-cancer
treatment and validate MTH-1 as a lethal cancer
phenotype.
The present study revealed a new mechanism
through which HIF-1α upregulates MTH-1 expression
in CRC and provides evidence that hypoxia increases
expression of MTH-1, likely by modulating HIF-1α
protein level. These results emphasize the important
role of HIF-1α-induced MTH-1 in tumor progression.
The dissection of the multistep regulation of MTH-1
gene under hypoxic conditions is just beginning. Further
studies are required to elucidate the mechanism by
which HIF-1α drives MTH-1 upregulation.

These results emphasize the important role of HIF-1α-induced MTH-1 in tumor
progression.

Applications

Cancers have dysfunctional redox regulation resulting in reactive oxygen
species production, damaging both DNA and free deoxynucleotide
triphosphates (dNTPs). These results exemplify the non-oncogene addiction
concept for anti-cancer treatment and validate MTH-1 as a lethal cancer
phenotype.

Terminology

HIF-1 is a major transcriptional factor for tumor cells growing in a low-oxygen
environment. MTH-1 is able to eliminate oxidized dNTPs before they can be
incorporated into DNA.

Peer-review

This interesting work demonstrates the upregulation of MTH-1 expression in
colorectal cancer cells via HIF-1α in response to hypoxic stress. Under hypoxic
conditions, the authors utilized small interfering RNA for HIF-1α to show the
association between HIF-1α and MTH-1.
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Abstract
AIM: To investigate the effect of fenugreek lactone (FL)
on palmitate (PA)-induced apoptosis and dysfunction in
insulin secretion in pancreatic NIT-1 β-cells.

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

METHODS: Cells were cultured in the presence or
absence of FL and PA (0.25 mmol/L) for 48 h. Then,
lipid droplets in NIT-1 cells were observed by oil red O
staining, and the intracellular triglyceride content was
measured by colorimetric assay. The insulin content in
the supernatant was determined using an insulin radioimmunoassay. Oxidative stress-associated parameters,
including total superoxide dismutase, glutathione
peroxidase and catalase activity and malondialdehyde
levels in the suspensions were also examined. The
expression of upstream regulators of oxidative stress,
such as protein kinase C-α (PKC-α), phospho-PKC-α
and P47phox, were determined by Western blot
analysis and real-time PCR. In addition, apoptosis was
evaluated in NIT-1 cells by flow cytometry assays and
caspase-3 viability assays.
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RESULTS: Our results indicated that compared to
the control group, PA induced an increase in lipid
accumulation and apoptosis and a decrease in insulin
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secretion in NIT-1 cells. Oxidative stress in NIT-1 cells
was activated after 48 h of exposure to PA. However,
FL reversed the above changes. These effects were
accompanied by the inhibition of PKC-α, phosphoPKC-α and P47phox expression and the activation of
caspase-3.
CONCLUSION: FL attenuates PA-induced apoptosis and
insulin secretion dysfunction in NIT-1 pancreatic β-cells.
The mechanism for this action may be associated with
improvements in levels of oxidative stress.
Key words: Fenugreek lactone; Diabetes; Oxidative
stress; Insulin secretion; Apoptosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fenugreek is a widely used traditional
Chinese medicine that can improve hyperglycemia. The
hypoglycemic active ingredients and mechanisms of
fenugreek remain unclear. We studied an ingredient of
fenugreek, fenugreek lactone, and our results suggest
that fenugreek lactone attenuates palmitate-induced
apoptosis and insulin secretion dysfunction in NIT-1
pancreatic β-cells by improving oxidative stress.
Gong J, Dong H, Jiang SJ, Wang DK, Fang K, Yang DS, Zou X,
Xu LJ, Wang KF, Lu FE. Fenugreek lactone attenuates palmitateinduced apoptosis and dysfunction in pancreatic β-cells. World J
Gastroenterol 2015; 21(48): 13457-13465 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i48/13457.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i48.13457

INTRODUCTION
Diabetes mellitus (DM), a metabolic disease, is
characterized mainly by elevated blood glucose.
Chronic hyperglycemia may produce organ damage
and cause serious harm to human health. Because
the worldwide prevalence of DM continues to increase,
much attention has been paid to the pathophysiology
and treatment of DM. On the basis of the latest
reports, the incidence of diabetes among Chinese
adults has reached 11.6% and the incidence of
[1]
prediabetes is 50.1% . Patients who develop type 2
diabetes (T2DM) account for more than 90% of these
individuals. The development of T2DM is pertinent to
insulin resistance and dysfunctional insulin secretion.
Recent research has shown that increased pancreatic
β-cell apoptosis and decreased islet β-cell mass
contribute to the insulin secretion impairment observed
[2]
in T2DM . However, the reason for this increased β-cell
apoptosis remains unclear. However, an increasing
amount of evidence suggests that hyperglycemia
(glucotoxicity), elevated fatty acids (lipotoxicity), and
oxidative stress are closely associated with enhanced

WJG|www.wjgnet.com

[3]

apoptosis in β-cells .
The mechanism by which free fatty acids (FFA)
induce β-cell impairment is not fully clear. However,
FFA-related oxidative stress injury has attracted
extensive attention. When β-cells are exposed to FFA,
they first convert FFA into triglycerides or cholesterol
esters and then store them as lipid droplets inside the
cytoplasm. When lipid influx exceeds the cell’s storage
threshold, excessive FFA may impair insulin secretion
and induce apoptosis. It has been demonstrated that
diglycerol (DAG), a metabolite of palmitic acid (PA),
can induce the activation of the protein kinase C
(PKC)/NADPH oxidase pathway, leading to the intracel
lular accumulation of reactive oxygen species (ROS)
[4]
products . Because pancreatic β-cells produce few
antioxidant substances, they are more susceptible to
[5]
oxidative stress . Sustained production of ROS inside
the cells can trigger apoptosis via caspase-dependent
pathways and decrease the secretion of insulin,
[6,7]
thereby impairing the mass and function of β-cells .
Therefore, antioxidants may exert a beneficial effect
that protects β-cells and thereby play an important
role in treating diabetes.
Fenugreek (Trigonella foenum-graecum L.) is a
widely used traditional Chinese medicine that can
improve hyperglycemia. Our previous studies also
showed that fenugreek reduced oxidative stress and
improved glucose and lipid metabolism by inhibiting
[8]
the PKC-α/NADPH oxidase pathway in diabetic rats .
The hypoglycemic active ingredients and mechanisms
of fenugreek remain unclear. Some studies have
suggested that trigonelline and 4-hydroxy isoleucine
[9-11]
in fenugreek improve hyperglycemia
, but this
evidence does not deny that other compounds also
display hypoglycemic activity. Fenugreek lactone (FL),
[12]
a flavor component of many foods , exists natu
rally in fenugreek, wine, Virginia tobacco, and other
[13]
foods . This spice is widely used in condiments, baked
[14]
products, wine, caramel and coffee . Some studies
[12]
have revealed that FL has antioxidant activities ;
however, its medical effect has been less studied. In the
current research, we studied the impact of FL on PAinduced apoptosis and insulin secretion dysfunction in
NIT-1 islet β-cells.

MATERIALS AND METHODS
Materials

Fetal bovine serum (FBS) was purchased from
Gibco. Sigma-Aldrich Co. provided the reagents
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT), FL (purity ≥ 97%) and PA (purity
≥ 99%). RPMI-1640 was obtained from Thermo
Fisher Scientific Co., Ltd. Trypsin was obtained from
Boster Biological Technology Co., Ltd. Penicillin and
streptomycin were acquired from HyClone Laboratories.
Insulin radio-immunoassay reagents were obtained
from HTA Co. Total superoxide dismutase (T-SOD),
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glutathione peroxidase (GSH-Px) and catalase (CAT)
activity assay kits and malondialdehyde (MDA)
level assay kits were bought from Jiancheng Bioengineering Co., Ltd. The triglyceride detection kit was
provided by Mind Bioengineering Co., Ltd. Rabbit antimouse p47phox, phosphorylated PKC-α, PKC-α and
β-actin antibodies were provided by Abcam Company.
The Prime Script RT reaction Kit, SYBR Premix Ex Taq
and Trizol reagent were obtained from TaKaRa Bio Inc.
The fluorescein isothiocyanate (FITC)-labeled annexin
V/propidium iodide (PI) apoptosis detection kit was
provided by BestBio Co.

following trypsin digestion. Cells were washed twice in
7
PBS, and 2 × 10 cells were suspended in 400 µl PBS.
An ultrasonic cell disrupter was then used to break
the cells. MDA levels, T-SOD, CAT activity and GSHPx activity in the suspensions were tested according
to the manufacturer’s protocols in commercial kits.
The protein concentrations in the suspension were
measured using BCA assays (Kerui Institute of
Biotechnology, Wuhan, China).

Insulin content measurement

5

Mouse insulinoma NIT-1 cells were acquired from
Tongji Medical College. NIT-1 islet cells were cultured
with 1640 medium (containing 11.1 mmol glucose)
replenishing 100 mg/mL streptomycin, 100 units/mL
penicillin and 10% FBS in a humid environment with
5% CO2/95% air at 37 ℃ . At approximately 70%
confluence, the NIT-1 cells were further incubated with
or without FL and 0.25 mmol/L palmitate for 48 h.

Cells were seeded into 6-well plates at 6 × 10 cells
per well. After treatment, the cells were pre-incubated
with glucose-free medium for 30 min. Then, highglucose (25 mmol/L) DMEM medium was substituted
for the glucose-free medium and cells were incubated
for another 2 h. The supernatant was collected for
further measurements. Insulin was determined with
an insulin radio-immunoassay kit. Each experiment
was repeated five times. The insulin concentration was
corrected according to the number of NIT-1 pancreatic
cells.

Cell viability assays and interventions

Apoptosis determination

Culture and treatment of NIT-1 cells

3

NIT-1 cells were seeded at 8 × 10 cells per well in
96-well culture plates and incubated for 24 h. After
cells had adhered, the medium was replaced by
medium containing the experimental drugs at the
indicated concentrations for 24 h. The viability of NIT-1
cells in wells containing different concentrations of FL or
PA was assessed by MTT assay. After the treatments,
10 µl MTT solution was added to every well and cells
were then cultured for 4 h at 37 ℃. The crystals in
each well were dissolved in DMSO and the absorbance
was measured at 570 nm using a Synergr2 Almighty
Microplate Reader. When the survival rate was between
60%-70%, the corresponding PA concentration was
chosen for modeling.

Oil red O staining and triglyceride content determination
5

At a density of 4 × 10 cells/well, NIT-1 pancreatic
cells were seeded in 6-well plates and cultured for 48
h exposed to 0.25 mmol/L PA in the model group. In
the treatment group, the medium also contained FL (1
µmol/L). When the culture period was over, the cells
were washed twice with PBS and immobilizated with
4% paraformaldehyde for 30 min. After two rinses
with double distilled water, the cells were dyed with
oil red O at 37 ℃ for 30 min and soon afterwards
decolorized in 60% isopropanol for 5 s. Cells were
then stained with hematoxylin for 1 min. After washing
and the observation of the lipid droplets in NIT-1
cells, pictures were taken using a light microscope.
The triglyceride (TG) contents were determined as
[15]
previously described .

Reactive oxygen species measurement

When the treatment period ended, cells were collected
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[16]

As previously described , a fluorescein isothiocya
nate (FITC)-labeled annexin V/propidium iodide (PI)
apoptosis detection kit was used to analyze apoptosis
in cells in accordance with the instructions. The cells
were collected after EDTA-free trypsin digestion. After
two washes in cold PBS, the cell pellet was collected via
centrifugation at 1000 g for 10 min. The number of cells
6
was adjusted to 1 × 10 cells/mL. Then, the NIT-1 cells
were resuspended in binding buffer, stained lucifugally
with PI for 15 min at 4 ℃ and stained with FITClabeled annexin V at 4 ℃ for 5 min away from light.
FACSCalibur flow cytometer (BD LSR II, San Jose, CA,
United States) was used to perform the Flow cytometric
analysis. The percentages of apoptotic cells were
calculated using CellQuest software (Becton, Dickinson
and Co.). The quadrant containing annexin V-positive
and PI-negative cells represented the early phase of
apoptosis, while the quadrant containing cells positive
for both annexin V and PI represented the late phase.
The total ratio of apoptotic cells was calculated by the
sum of cells in the early and late stages of apoptosis.
A caspase-3 viability kit was also used to measure
[17]
apoptosis in NIT-1 cells, as previously described .

Western blot analysis

After centrifugation and determination of total protein
concentrations, NIT-1 cell supernatant extracts in RIPA
lysis buffer were combined with sample buffer and
heated in boiled water for approximately ten minutes.
Then, 80 µg of the protein extraction was separated
on a 10% SDS-PAGE gel (120 V, 1.5 h), and the
proteins on the gel were thereafter transferred onto
nitrocellulose (NC) membranes. The NC membranes
were blocked using 5% non-fat milk powder in dis
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Table 1 Primers for real-time PCR assay
Gene

Forward

Reverse

β -actin

5'-CATCCGTAAAGACCTCTATGCCAAC-3'
5'-ATAACGGGCGTAGGGAGTCT-3'
5'-GTGCAAGGAACACATGATGG -3'

5'-ATGGAGCCACCGATCCACA-3'
5'-AGCAAAGTCTCCGCATCACT-3'
5'-ACGCCCACCAATCTACAGAC-3'

p47phox
PKC-α

A

B

150

120

100

Cell viability (%)

Cell viability (%)

110

50

100
90
80

b

70
0

0

  0.1

0.2
0.25 0.3
0.4
Palmitic acid (mmol/L)

0.5

60

Con

0.01
0.1
1
Fenugreek lactone (mmol/L)

10

Figure 1 Viability of pancreatic NIT-1 β-cells exposed to various concentrations of palmitic acid (A) and fenugreek lactone (B). To select the appropriate
concentration of palmitate (PA), dose-response experiments were conducted (A). When NIT-1 cells were cultured in medium with 0.25 mmol/L PA for 24 h, the survival
rate was between 60%-70%. (B) NIT-1 cells were treated with various concentrations of fenugreek lactone (FL) (0.01-10 µmol/L) for 24 h. The maximum non-toxic
concentration of FL is 1 µmol/L. Data represent the mean ± SD. bP < 0.01 vs PA group.

tilled water for 1 h at normal temperature and then
incubated at 4 ℃ overnight with primary antibodies
(p47phox, phosphorylated PKC-α, PKC-α, and
β-actin). After washing the membranes using TBST
three times for 10 min each, the membranes were
lucifugally incubated with a fluorescent secondary
antibody at normal temperature for 1 h. Thereafter the
membranes were washed with TBST lucifugally four
times. Finally, protein immunoreactivity was measured
using Odyssey near-infrared laser imaging apparatus.
The ratio between the OD value of target band and
that of β-actin was used to quantify the band densities.

Extraction of total RNA and RT-PCR

In the light of the manufacturer’s directions, total
RNA in NIT-1 cells was extracted using Trizol rea
gent. A Nucleic Acid/Protein Analyzer was used to
determine the purity and concentration of the RNA.
The reverse transcription of extracted total RNA (1
μg) was performed in a total reaction volume of 20
μl on a Mastercycler gradient PCR instrument using a
PrimeScript RT reaction Kit. Before PCR amplification,
the cDNA was stored at -80 ℃. Real-time fluorescence
quantitative PCR reactions were manipulated with
SYBR Premix Ex Taq enzyme and StepOne Real-Time
-ΔΔCT
PCR System. The 2
method was employed to
analyze the results. Primer sequences are all listed in
Table 1.

Statistical analysis

All outcomes represent at least three independent
experiments. All of the results are displayed as the
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mean ± SD and were analysed with SPSS 20.0
software. The statistical significance was determined
by one-way analysis of variance (ANOVA). A LSD test
was also employed when analyzing the data, and P <
0.05 suggested that a statistical difference exists.

RESULTS
Optimal concentrations of FL and PA in NIT-1 pancreatic
β-cells

In this study, PA was used to induce oxidative stress
in NIT-1 β-cells. After 24 h of treatment with PA, cell
viability decreased in a dose-dependent manner.
Compared to the controls (untreated cells), the cells
treated with 0.25 mmol/L PA for 24 h showed a
34.68% decrease in cell viability (Figure 1A).
To determine the concentration of FL that could
be used without affecting the viability of the NIT-1
pancreatic β-cells, we also performed an MTT assay.
The cells were seeded in 96-well plates and therein
cultured for 24 h. Different concentrations of FL were
then added to the cells followed by incubation for 24 h.
FL was well-tolerated up to a concentration of 1 µmol/L.
At concentrations higher than this, FL decreased cell
viability by 27.49% (Figure 1B). Thus, we concluded
that the optimal concentration of FL for use in further
experiments was up to 1 µmol/L.

FL decreases PA-induced intracellular lipid accumulation
in NIT-1 cells
To measure the influence of FL on lipid accumulation in
NIT-1 islet cells, oil Red O dyeing and colorimetric assays
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Figure 2 Effects of fenugreek lactone on palmitate-induced lipid accumulation in NIT-1 pancreatic β-cells. A-C: Oil Red O staining of lipid droplets showed that
palmitate (PA) induced a palpable increase in lipid accumulation, which was inhibited by the fenugreek lactone (FL) treatment (A: Control group; B: PA group; and C:
FL-treated group); D: Intracellular triglyceride (TG) content extracted from NIT-1 cells. FL decreased intracellular TG content in NIT-1 pancreatic β-cells compared with
PA group. CON refers to control group, PA refers to palmitic acid intervention group and FL refers to FL-treated group. Data are reported as the mean ± SD (n = 4). bP
< 0.01 vs control group; dP < 0.01 vs PA group.

Insulin secretion (mIU/L)

400

pancreatic islet cells, a radioimmunoassay kit was used
to test insulin concentrations in the supernatants of
the medium from different cell treatments. As shown
in Figure 3, PA-treated NIT-1 cells exhibited decreased
insulin levels compared to the control group (P < 0.01).
However, FL significantly inhibited this effect (P < 0.01).

d

300
b
200

FL decreases MDA levels and increases the antioxidants
T-SOD, CAT and GSH-PX in NIT-1 pancreatic β-cells

100

0

Con

PA

FL

Figure 3 Effects of fenugreek lactone on glucose stimulated insulin
secretion in NIT-1 pancreatic β-cells exposed to palmitate. Insulin content
in the supernatant was measured using a radio-immunoassay kit after the
treatment. Insulin concentration was corrected with cell numbers. Data
represent the mean ± SD from six wells. bP < 0.01 vs control group; dP < 0.01
vs PA alone. PA: Palmitate; FL: Fenugreek lactone.

were applied. As shown in Figure 2, cellular lipid droplets
in the FL group were diminished significantly compared
to the PA group. In addition, intracellular TG contents
were also markedly decreased (P < 0.01) in the FL group
compared to cells in the PA group (Figure 3).

FL attenuates PA-induced insulin secretion dysfunction
in NIT-1 cells

To ascertain whether PA damages insulin secretion in

WJG|www.wjgnet.com

As shown in Table 2, NIT-1 cells treated with PA
showed increased MDA levels and decreased T-SOD,
GSH-PX and CAT levels compared with levels in the
control group (P < 0.01). FL treatment markedly
decreased the levels of MDA and increased the levels
of SOD, CAT and GSH-PX (P < 0.01 or P < 0.05).

FL inhibits caspase-3 activity and apoptosis in NIT-1
cells after exposure to PA

Caspase-3 is a crucial enzyme for apoptosis and cell
survival. The activation of caspase-3 triggers the cell to
undergo apoptosis. Therefore, we determined whether
FL inhibits caspase-3 activation and PA-induced
apoptosis in NIT-1 β-cells. Double staining using FITClabeled annexin V and PI was performed. The result
showed increased caspase-3 activity (Figure 4) and
an increased apoptotic rate (Figure 5) in the PA group
(P < 0.01). However, co-treatment with 1 µmol/L FL
markedly inhibited caspase-3 activity and PA-induced
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250

Control
PA
FL

CAT

GSH-PX

T-SOD

MDA

(U/mg
protein)

(U/mg
protein)

(U/mg
protein)

(nmol/mg
protein)

8.68 ± 0.89
4.33 ± 1.10b
7.13 ± 0.58d

71.67 ± 8.08
22.46 ± 8.49b
39.58 ± 4.90a

3.44 ± 0.11
2.77 ± 0.10b
3.03 ± 0.12d

0.13 ± 0.06
0.91 ± 0.30b
0.41 ± 0.10d

Viability of caspase-3 (100%)

Table 2 Comparison of intracellular malondialdehyde
accumulation and contents of antioxidants (total superoxide
dismutase, glutathione peroxidase and catalase) in different
groups

Data represent mean ± SD. bP < 0.01 vs control group; dP < 0.01 vs PA
group and aP < 0.05 vs PA group. MDA: Malondialdehyde; T-SOD: Total
superoxide dismutase; GSH-Px: Glutathione peroxidase; CAT: Catalase.

apoptotic cell death (P < 0.01) (Figures 4 and 5).

FL decreases PKC-α , phosphorylated PKC-α and
p47phox gene expression in NIT-1 pancreatic β-cells

As shown in Figures 6 and 7, the protein and mRNA
levels of PKC-α and p47phox were significantly
increased in NIT-1 cells that were treated with PA
compared with cells in the control group (P < 0.01).
But there was a significant decrease in the expression
of p47phox and PKC-α at both the protein and
mRNA levels in the FL group. The protein levels of
phosphorylated PKC-α also increased significantly (P
< 0.01) following treatment with PA alone but were
decreased by co-treatment with FL (P < 0.01).

DISCUSSION
T2DM, especially when combined with obesity, is
always associated with the excessive release of FFA
from proliferative adipose tissue, which leads to an
[18]
increase in the plasma FFA concentration . According
to the Paris Prospective Study, a high plasma FFA
concentration is a risk factor for the deterioration of
glucose tolerance, with a relative risk of approximately
[19]
1.3 per 0.12 mmol/L change in the level of FFA .
Circulating FFA can sustain basal pancreatic
β-cell function and assure efficient insulin secretion
during fasting. FFA in islets has also been viewed
as beneficial during the hypersecretion of insulin
to protect against glucose intolerance in the early
[20]
stages of obesity and diabetes . However, under
certain circumstances, it has the opposite or even a
deleterious effect. When pancreatic beta cells were
exposed to excessive quantities of FFA for long periods
of time, islet cells malfunctioned and the biosynthesis
and secretion of insulin were reduced in vitro in both
[21,22]
rats and humans
. In addition to inhibiting insulin
secretion, elevated plasma FFA might play a causal
[22,23]
role in pancreatic β-cell apoptosis
. Apoptosis was
observed in pancreatic cells that were exposed to 0.5
[6]
mmol/L PA for 48 h . The PA concentration was 0.25
mmol/L in our present research, but our results were
consistent with previous findings.
Oxidative stress has been considered to be involved
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Figure 4 Effects of fenugreek lactone on caspase-3 viability in NIT-1 islet
b
β-cells exposed to palmitate. Each bar represents mean ± SD; P < 0.01 vs
control group; dP < 0.01 vs PA group. PA: Palmitate; FL: Fenugreek lactone.

in the pathogenesis of islet β-cell dysfunction and
[6]
apoptosis induced by prolonged exposure to FFA .
FFA has been shown to initiate the production of ROS
in islet β-cells in a number of studies. PA, at high
doses, can pass through the cell membrane and into
[24]
the mitochondria, where oxidative reactions occur .
During metabolic clearance of PA, β-oxidation and
oxidative phosphorylation produce large amounts of
ROS, and antioxidants are reduced in pancreatic islet
[25]
β-cells . It is widely accepted that excessive levels
of ROS damage cells directly by oxidizing lipids, DNA
and proteins. Our study also suggests that MDA, a lipid
peroxidation product, showed raised levels and that
antioxidant levels were diminished in pancreatic β-cells
that were stimulated by PA.
How FFA induces oxidative stress is unknown. DAG is
not only a metabolite of FFA but also a potent activator
[26]
of PKC . PKC-α-dependent NADPH oxidase might
serve as a possible critical source of ROS in response
[27]
to stimulation by PA . The factor p47phox is a subunit
that is critical for the activity of NADPH oxidase, which
catalyzes the production of many ROS, breaks normal
redox homeostasis, and results in cellular dysfunction
[28]
and damage by oxidative stress . Our results also
confirm that PA provokes oxidative stress through
the PKC-α/NADPH oxidase pathway. New therapeutic
strategies aimed at reducing oxidative stress have
attracted wide attention. Several lines of evidence have
shown the potential value of antioxidant remedies and
[29]
their advantageous impacts on islet cell protection .
For example, the antioxidant N-acetylcysteine prevented
the decrease in insulin content that was induced by
[30]
oleate in MIN6 islet cells .
Fenugreek is a traditional Chinese herb for the
treatment of diabetes. Increasing experimental and
clinical studies have supported the hypoglycemic effect of
fenugreek, and a meta-analysis of human experiments
also demonstrated the hypoglycemic effectiveness of
[31]
fenugreek . The active ingredients in fenugreek are
not clear. FL [3-amino-4,5-dimethyl-2(5H)-furanone] is
widely used as a flavor in foods due to its strong smell.
However, its medical function is less well studied. Several
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Figure 5 Comparison of apoptosis rates of NIT-1 cells by flow cytometry in different groups. A: Control group; B: PA intervention group; C: FL-treated group; D:
Data are reported as the mean ± SD of percentages from four wells. bP < 0.01 vs control group; dP < 0.01 vs PA group. PA: Palmitate; FL: Fenugreek lactone.
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Figure 6 Effects of fenugreek lactone on protein expression of protein kinase C-α, P-protein kinase C-α and p47phox in NIT-1 β-cells exposed to
palmitate. Each bar is described as corresponding proteins/β-actin. FL supplementation inhibited the expression of above mentioned proteins. Representative gels
and protein levels for (A) p47phox and PKC-α or P-PKC-α (B) were measured by Western blot in NIT-1 pancreatic β-cells. Data are shown as the mean ± SD. aP < 0.01
vs control group; bP < 0.01 vs PA group; dP< 0.01 vs PA group. PA: Palmitate; FL: Fenugreek lactone.
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Figure 7 Effects of fenugreek lactone on mRNA levels of protein kinase C (A) and p47phox (B) in NIT-1 β-cells. Each bar represents mean 2-ΔΔCT ± SD (n = 3).
b
P < 0.01 vs control group; dP < 0.01 vs PA group; aP < 0.05 vs PA group. PA: Palmitate; FL: Fenugreek lactone.

furanones have been shown to display anticancer
activity in mice and antioxidative effects to improve
[12]
human health . In our prior studies, fenugreek and
Hu-Lu-Ba-Wan reduced the accumulation of oxidation
products, improved insulin secretion and protected
the function of the kidneys and testis in STZ-induced
[8]
diabetic rats . In these experiments, PA-treated NIT-1
cells were more prone to damage to their anti-oxidative
defense systems, and administration of FL significantly
augmented decreases in the levels of GSH-PX, CAT and
T-SOD. FL also promoted insulin secretion and reduced
apoptosis in islet β-cells by inhibiting the PKC-α/NAPDH
oxidase pathway. This might be the mechanism for the
protective effect of FL in NIT-1 pancreatic cells. Our
findings may provide a new perspective on the use of FL
as a potential new therapeutic medicine for preserving
pancreatic β-cell mass and function.
However, some limitations remain. FFA can damage
islet cells indirectly by activating several stresssensitive signaling pathways, such as the JNK/Akt, NF[6]
kB and p38MAPK pathways . We did not examine
other downstream pathways. Tests using DHE staining
to show the activity of NADPH might be used to clarify
the mechanisms of PA-induced oxidative stress. Some
furanone compounds increase the DNA damage caused
by oxidative stress, but FL relieves oxidative stress.
The mechanism by which FL increases the activity of
antioxidant enzymes remains to be further described.
Other effective ingredients of fenugreek also need more
study.
In brief, we have shown that 48-h treatment with
PA impaired NIT-1 pancreatic β-cells via oxidative
stress. The PA-induced lipid overload, decrease in
insulin secretion and increase in cell apoptosis were
prevented by FL. FL inhibited the PKC-α/NADPH
oxidase pathway and protected islet cells from injury
by oxidative stress. FL may be a promising antioxidant
for use as a treatment for DM.

Fenugreek is a widely used traditional Chinese medicine which can improve
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Research frontiers

It has been established that diabetes mellitus is associated with oxidative
stress. Previous studies have shown that FL reduced oxidative impairment, but
its medical effect has been less studied.

Innovations and breakthroughs

Whether FFA improves or decreases insulin secretion is a controversial
question. The present study suggests that 48 h of incubation with a high-dose
of FFA restrains insulin secretion. In addition, this is the first study to evaluate
the effect of FL on FFA-induced impairment of pancreatic cells. The results
showed that FL attenuates PA-induced increased apoptosis and decreased
insulin secretion in pancreatic β-cells. The mechanism for these actions may be
related to improvements in oxidative stress.

Applications

FL might be promising as an antioxidant for the treatment of diabetes mellitus.

Peer-review

This is a good piece of work in which investigators have demonstrated the
effect of fenugreek lactone on PA-induced apoptosis and insulin secretion
dysfunction in pancreatic NIT-1 β-cells. This work has been well planned and
results properly discussed.
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Abstract
AIM: To investigate the effect of gingerol on colonic
motility and the action of L-type calcium channel
currents in this process.
METHODS: The distal colon was cut along the
2+
mesenteric border and cleaned with Ca -free phy
siological saline solution. Muscle strips were removed
2+
and placed in Ca -free physiological saline solution,
which was oxygenated continuously. Longitudinal
smooth muscle samples were prepared by cutting
along the muscle strips and were then placed in a
chamber. Mechanical contractile activities of isolated
colonic segments in rats were recorded by a 4-channel
physiograph. Colon smooth muscle cells were dissociated
by enzymatic digestion. L-type calcium currents were
recorded using the conventional whole-cell patch-clamp
technique.
RESULTS: Gingerol inhibited the spontaneous
contraction of colonic longitudinal smooth muscle in a
dose-dependent manner with inhibition percentages of
13.3% ± 4.1%, 43.4% ± 3.9%, 78.2% ± 3.6% and
80.5% ± 4.5% at 25 μmol/L, 50 μmol/L, 75 μmol/L
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and 100 μmol/L, respectively (P < 0.01). Nifedipine,
an L-type calcium channel blocker, diminished the
inhibition of colonic motility by gingerol. Gingerol
inhibited L-type calcium channel currents in colonic
longitudinal myocytes of rats. At a 75 μmol/L
concentration of gingerol, the percentage of gingerolinduced inhibition was diminished by nifedipine from
77.1% ± 4.2% to 42.6% ± 3.6% (P < 0.01). Gingerol
suppressed IBa in a dose-dependent manner, and the
inhibition rates were 22.7% ± 2.38%, 35.77% ± 3.14%,
49.78% ± 3.48% and 53.78% ± 4.16% of control at
0 mV, respectively, at concentrations of 25 μmol/L, 50
μmol/L, 75 μmol/L and 100 μmol/L (P < 0.01). The
steady-state activation curve was shifted to the right
by treatment with gingerol. The value of half activation
was -14.23 ± 1.12 mV in the control group and -10.56
± 1.04 mV in the 75 μmol/L group (P < 0.05) with
slope factors, Ks, of 7.16 ± 0.84 and 7.02 ± 0.93 (P <
0.05) in the control and 75 μmol/L groups, respectively.
However, the steady-state inactivation curve was not
changed, with a half-inactivation voltage, 0.5 V, of
-27.43 ± 1.26 mV in the control group and -26.56 ±
1.53 mV in the 75 μmol/L gingerol group (P > 0.05),
and a slope factor, K, of 13.24 ± 1.62 in the control
group and 13.45 ± 1.68 (P > 0.05) in the 75 μmol/L
gingerol group.

actions, including anti-inflammatory, anti-cancer, antioxidant, anti-platelet, anti-aggregation, anti-fungal,
[1-6]
anti-constipation and anti-diarrheal activities . The
chemical constituents of ginger rhizomes are volatile
and non-volatile pungent phytochemicals and include
the biologically active components, gingerols, shogaols,
[7,8]
paradols and zingerone .
Gingerol, a non-pungent component, has an
[9]
inhibitory effect on colonic motility. Iwami et al
reported that gingerol can inhibit colonic motility
without adverse effects on small intestinal motility
and the cardiovascular system. The non-pungent
property of gingerol makes it useful as an oral or
suppository medicine for treating diarrhea and other
[10,11]
gastrointestinal disorders
. Abnormal facilitation of
gastrointestinal motility and excessive fluid secretion
of the gastrointestinal tract cause diarrhea. There are
many ion channels and second messengers involved in
this process; however, no reports have described the
effects of gingerol on L-type calcium channel currents.
The purpose of the present study was to clarify the
effect of gingerol on colonic motility and the role of
L-type calcium channel currents in this process.

CONCLUSION: Gingerol inhibits colonic motility by
2+
preventing Ca influx through L-type calcium channels.

Experimental animals

Key words: Gingerol; Colonic motility; L-type calcium
channel current; Spontaneous contraction; Longitudinal
smooth muscle myocytes
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gingerol, a non-pungent molecule, has an
inhibitory effect on colonic motility. There are many
ion channels and second messengers involved in this
process; however, no reports have described the effects
of gingerol on L-type calcium channel currents. In
the present study, we found that 6-gingerol obviously
inhibited spontaneous contraction of longitudinal
2+
smooth muscle by preventing Ca influx through L-type
calcium channels.
Cai ZX, Tang XD, Wang FY, Duan ZJ, Li YC, Qiu JJ, Guo
HS. Effect of gingerol on colonic motility via inhibition of
calcium channel currents in rats. World J Gastroenterol 2015;
21(48): 13466-13472 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i48/13466.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i48.13466

INTRODUCTION
Ginger, the rhizome of Zingiber ofﬁcinale Roscoe,
and its components have various pharmacological
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MATERIALS AND METHODS
Male Wistar rats (weighing 250 ± 50 g) were
purchased from the Experimental Animal Center of
Dalian Medical University. They were maintained in
plastic cages at 23 ± 2 ℃ and a relative humidity of
55% ± 2% under standard conditions with a 12-h
light/dark cycle (light: 7:00 AM to 7:00 PM) for 1 wk
prior to performing the experiments. The experiments
were approved by the Animal Care and Use Committee
of Dalian Medical University.

Preparation and contraction recording of smooth
muscle strips

Male Wistar rats bred at the Experimental Animal
Center of Dalian Medical University (Dalian, China)
were anesthetized with ethyl ether prior to cervical
exsanguination. The distal colon was cut along
2+
the mesenteric border and cleaned with Ca -free
physiological saline solution (PSS). Muscle strips
(about 3 mm × 10 mm) were removed and placed in
2+
Ca -free PSS, which was oxygenated continuously.
Following the careful removal of the mucosa and
submucosa by dissection, smooth muscle strips were
obtained. Longitudinal smooth muscle samples were
prepared by cutting along the muscle strips and were
then placed in a chamber. One end of the strip was
fixed on the lid of the chamber by a glass claw, and
the other end was attached to an isometric force
transducer (TD-112S, Japan) to record contraction.
The chamber (5 mL volume) was constantly
perfused with pre-Tyrode’s solution at 1 mL/min. The
temperature of the chamber was maintained at 37.0
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A

superfused with PSS. An 8-channel perfusion system
(L/M-sps-8, List Electronics, Germany) was used
to change the perfusate. Whole-cell currents were
recorded with an EPC-10 amplifier (EPC, Germany).
All experiments were performed at room temperature
(20-25 ℃).

1g
2 min

75 mmol/L 6-Gingerol
100
Percentage of inhibition (%)

B

Drugs and solutions

80
60

b

40
20
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b

25
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Figure 1 Effect of 6-gingerol on spontaneous contraction of colonic
longitudinal smooth muscle in rats. A: The original electrophysiological data
of 6-gingerol on spontaneous contraction; B: The inhibitory effect of 6-gingerol
on spontaneous contraction at different concentrations. n = 8, bP < 0.01 vs
consecutive high concentration group.

± 0.5 ℃ by a water bath thermostat (WC/09-05,
Chongqing, China). The muscle strips were incubated
for at least 40 min before beginning the experiments.

Preparation of cells

Colon smooth muscle cells (SMCs) were dissociated
by enzymatic digestion. The colon tissue was pinned
to the Sylgard surface of a Petri dish, and the mucosa
was carefully dissected away under an anatomical
microscope. The smooth muscle strips were then cut
into small strips (2 mm × 2 mm), placed in 2 mL
calcium-free PSS supplemented with 0.12% (w/v)
collagenase (type Ⅱ), 0.2% soybean trypsin inhibitor
and 0.2% bovine serum albumin, and incubated for
20-30 min at 37 ℃ . The tissue pieces were rinsed
2+
in Ca free PSS solution five times to remove the
collagenase enzymes and were maintained at 4 ℃ for
6 h until use. Single SMCs were isolated by several
gentle triturations through the tip of a free-polished
Pasteur pipette.

Whole-cell patch clamp recordings

L-type calcium currents were recorded using the
conventional whole-cell patch-clamp technique. Patchclamp pipettes were manufactured from borosilicate
glass capillaries (GC 150T-7.5, Clark Electromedical
Instruments, London, United Kingdom) using a
2-stage puller (PP-83, Narishige, Tokyo, Japan).
When filled with pipette solution, the resistance of
the patch pipette was 3-5 MΩ. The isolated myocytes
were transferred to a small chamber on the stage of
an inverted microscope (IX-71 Olympus, Japan) for
10-15 min and were well-attached to the bottom of
the chamber. Then, the chamber was continuously
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Tyrode’s solution contained the following (in mmol/L):
147 NaCl, 4 KCl, 1.05 MgCl2·6H2O, 0.42 CaCl2·2H2O,
2+
1.81 Na2PO4·2H2O and 5.5 glucose. The Ca -free PSS
contained the following (in mmol/L): 134.8 NaCl, 4.5
KCl, 5 glucose and 10 HEPES; the pH was adjusted
to 7.4 with Tris (hydroxymethyl) aminomethane.
The modified K-B solution contained the following
(in mmol/L): 50 L-glutamate, 50 KCl, 20 taurine, 20
KH2PO4, 3 MgCl2·6H2O, 10 glucose, 10 HEPES, and
0.5 egtazic acid (pH adjusted to 7.40 with KOH).
The extracellular solution contained the following (in
mmol/L): 127 NaCl, 5 TEA, 4 NaHCO3, 0.33 NaH2PO4,
10 HEPES, 1.8 MgCl2, 2 CaCl2, 10 glucose, and 5
Na2-pyruvate (pH adjusted to 7.4 with NaOH). The
pipette solution contained the following (in mmol/L):
126 CsCl, 1 MgCl2, 10 HEPES, 3.1 Mg·ATP, 5 Na2phosphocreatine, and 0.42 Li2·GTP; the pH was
adjusted to 7.2 with CsOH. Nifedipine and gingerol
were purchased from Sigma Chemical Co. (United
States).

Statistical analysis

All data are expressed as mean ± SD. The Duncan’s
multiple range test was used. Differences were consi
dered to be significant at P-values of less than 0.05.

RESULTS
Effect of gingerol on spontaneous contraction of colonic
smooth muscle

Spontaneous contraction of the muscle strips usually
appeared after approximately 40 min of incubation in
Tyrode’s solution. The effects of 75 μmol/L gingerol
on the spontaneous contraction of colonic longitudinal
smooth muscle were observed. After administering
gingerol, spontaneous contraction was significantly
inhibited (Figure 1a, n = 8). Different concentrations
of gingerol obviously inhibited the spontaneous
contraction of the muscle strips in a dose-dependent
manner, with inhibition percentages of 13.3% ± 4.1%,
43.4% ± 3.9%, 78.2% ± 3.6% and 80.5% ± 4.5%
at 25 μmol/L, 50 μmol/L, 75 μmol/L and 100 μmol/L,
respectively (Figure 1b, n = 8).

Effect of L-type calcium channel blocker on gingerolinduced inhibition of spontaneous contraction of
colonic smooth muscle

To further investigate the mechanism of the gingerolinduced inhibition of spontaneous contraction, the
effect of gingerol on gastric motility was observed
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Figure 2 Effect of nifedipine on gingerol-induced inhibition in rat colonic
longitudinal smooth muscle. A: The original electrophysiological data of
nifedipine on gingerol-induced inhibitory effects in longitudinal smooth muscle
contraction; B: The statistical diagram of the inhibition. n = 6, bP < 0.01 vs
gingerol group.

in the presence of nifedipine (10 μmol/L), an L-type
calcium channel blocker. Nifedipine was found
to diminish the gingerol-induced colonic motility
inhibition. At a 75 μmol/L concentration of gingerol,
the percentage of gingerol-induced inhibition was
diminished by nifedipine from 77.1% ± 4.2% to
42.6% ± 3.6% (P < 0.01) (Figure 2, n = 6).

L-type calcium channel current and IBa in colonic
longitudinal myocytes of rats

The membrane potential was clamped at -80 mV,
and an ICa was elicited by a step voltage pulse from
-60 mV to +60 mV for 400 ms at 10 s intervals. With
an external solution containing 2 mmol/L CaCl2, an
L-type calcium current could be conducted under
whole-cell configuration. The peak value of the L-type
calcium current appeared at 0 mV, and turnover
potential appeared between +50 mV and +60 mV. The
amplitude of ICa was relatively small. After replacing
2+
2+
2 mmol/L Ca with 10 mmol/L Ba in the external
solution, an IBa was elicited under the same stimulus
modality. The shapes of the ICa and IBa I-V curves were
the same. However, the amplitude of IBa was much
larger than that of ICa. This indicates that IBa is a better
2+
carrier of Ca than ICa.

Effect of gingerol on IBa

Under whole-cell configuration, the membrane
potential was clamped at -80 mV, and an IBa was
elicited by a single step command pulse from -80
to 0 mV for 400 ms at 10 s intervals. The timecourse showed that IBa was immediately inhibited
by the addition of gingerol (50 mmol/L), and within
approximately 150 s this inhibitory effect had
stabilized. The inhibitory percentage was 51.28%

WJG|www.wjgnet.com
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Figure 3 Time dependency of the effect that 6-gingerol acts on IBa in
colonic longitudinal smooth muscle in rats. A: Raw traces of IBa at 0 mV; B:
Peak responses of IBa at 0 mV normalized and averaged for cells exposed to
6-gingerol.

± 2.12%, and IBa recovered partially after washout
with normal control superfusing solution (Figure 3).
Gingerol significantly decreased IBa in the I-V relation
curve at every depolarized command step potential
from -20 to +40 mV. Gingerol suppressed IBa in a
dose-dependent manner, and the inhibition rates were
22.7% ± 2.38%, 35.77% ± 3.14%, 49.78% ± 3.48%
and 53.78% ± 4.16% of control at 0 mV, respectively,
at concentrations of 25 μmol/L, 50 μmol/L, 75 μmol/L
and 100 μmol/L (Figure 4).

Effect of gingerol on steady-state inactivation and
activation of IBa

A double-pulse protocol was used to measure the
steady state inactivation of IBa as a function of
membrane potential. Prepulse potentials ranging from
-100 to +40 mV were applied for a duration of 3.75
s. Following a 7 ms interpulse interval at a potential
of -60 mV, the membrane potential was raised to
a test potential of 0 mV for 1 s. The currents were
then normalized to the current obtained at -100 mV
(I/Imax) and plotted against each prepulse potential.
The plotted data were well ﬁtted by the Boltzmann
equation, with a half-inactivation voltage, 0.5 V, of
-27.43 ± 1.26 mV in the control group and -26.56 ±
1.53 mV in the 75 μmol/L gingerol group (P > 0.05,
n = 6), and a slope factor, K, of 13.24 ± 1.62 in the
control group and 13.45 ± 1.68 (P > 0.05) in the
75 μmol/L gingerol group (Figure 5A). The steadystate activation curves were estimated from the peak
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Figure 4 Effect of 6-gingerol on IBa in colonic longitudinal smooth
muscle in rats. A: Raw traces of IBa elicited by step pulse and I-V relationship
of IBa when cell was exposed to 6-gingerol; B: The inhibitory effect of 6-gingerol
at different concentrations. n = 8, aP < 0.05, bP < 0.01 vs control group; dP < 0.01
vs consecutive high concentration group.

conductance at each potential using the following
equation: IBa = gBa (V - Vrev), where gBa, V and Vrev
are peak conductance, test potential and observed
reversal potential, respectively. The value of half
activation was -14.23 ± 1.12 mV in the control group
and -10.56 ± 1.04 mV in the 75 μmol/L group (P <
0.05, n = 6) with slope factors, Ks, of 7.16 ± 0.84 and
7.02 ± 0.93 (P < 0.05) in the control and 75 μmol/L
groups, respectively (Figure 5b).

DISCUSSION
In the present study, gingerol inhibited the spontaneous
contraction of colonic longitudinal smooth muscle in
a dose-dependent manner. Nifedipine (10 μmol/L),
an L-type calcium channel blocker, diminished the
inhibition of colonic motility by gingerol. Furthermore,
gingerol suppressed IBa in a dose-dependent manner.
Gingerol treatment of colonic longitudinal myocytes of
rats resulted in the activation curve being shifted to the
right, while the inactivation curve did not change.
Ginger has many uses in many of the world’s medi
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Figure 5 Steady state activation and the steady state inactivation curves.
A: Steady state activation for the cells exposed to 6-gingerol, peak conductance
was determined from the peak inward currents, corrected for the change in
driving force at each of the test potentials and normalized to 1. Driving force
was obtained from the difference between the test potential and the observed
reversal potential; B: Steady state inactivation relationship. Peak currents were
obtained using a two-pulse protocol (3.75 s of prepulse potential from -100 to
+40 mV) followed by a 7-ms interpulse interval at -60 mV, and the membrane
potential was raised to a test potential of 0 mV for 1 s. The difference between
peak current and late current present before and at the end of the test pulse
was normalized to 1 and plotted against the prepulse potential.
[1,12,13]

cinal systems
. More commonly, ginger has been
traditionally used in disorders of the gastrointestinal
tract, as a stomachic, laxative, sialagogue, antiemetic
and anti-dyspeptic agent, gastric emptying enhancer
and appetizer, and as an antidiarrheal and anti-colic
[14]
agent . Gingerol, which is not a natural component
of ginger, is a reduced analogue of gingerone. Most
previous studies of gingerol have focused on its
anti-cancer, anti-oxidant and anti-inflammatory
[1]
[15]
properties . Nigam et al
reported that the anticancer properties of 6-gingerol are mediated by its
induction of apoptosis. A previous study indicated
that 6-gingerol significantly reduced the DNA strand
breaks and micronuclei formation caused by patulin
(PAT). Moreover, 6-gingerol effectively suppressed PATinduced intracellular ROS formation and decreased
8-OHdG level. GSH depletion induced by PAT in HepG2
cells was also attenuated by 6-gingerol pretreatment.
These findings suggest that 6-gingerol has a strong
protective ability against the genotoxicity caused by
PAT and that the antioxidant activity of 6-gingerol may
play an important role in attenuating the genotoxicity
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[16]

[17]

of PAT . Nonn et al
reported that 6-gingerol can
up-regulate MKP5 and decrease cytokine-induced p38dependent pro-inflammatory changes.
Recent studies have examined the effect of
a component of ginger on diarrhea. It has been
demonstrated that zingerone inhibits enterotoxin[18]
induced ﬂuid secretion in the ileum in mice . Because
excessive ﬂuid secretion by the gastrointestinal
tract causes diarrhea, zingerone is likely the active
constituent of ginger that is responsible for its
antidiarrheal activity. In addition to excessive secretion,
abnormal facilitation of gastrointestinal motility is
another cause of diarrhea. It has been reported that
ginger also has suppressive effects on gut motility.
Crude ginger extract inhibits rat ileal motility via the
inhibition of enteric neural excitatory transmission and
[19]
smooth muscle mechanical activity in vitro . Ghayur
and Gilani reported inhibitory effects of ginger crude
+
extract on high K -induced contractions in isolated
[14]
guinea pig colons . Furthermore, herbal medicines
that include ginger extracts inhibit colonic motility in
[10,20]
rats
.
In order to investigate the effect of 6-gingerol
on colonic motility and the role of L-type calcium
channel in the process, in the present study, we
observed the effect of 6-gingerol on spontaneous
contraction of colonic longitudinal smooth muscle at
different concentrations. The results indicated that
spontaneous contraction was significantly inhibited
by gingerol. It is in agreement with that of David
[21]
Banji . Furthermore, 6-gingerol obviously inhibited
spontaneous contraction in a dose dependent manner.
The inhibition percentage was not significantly different
between the 75 μmol/L and 100 μmol/L gingerol
treatments, indicating that the gingerol concentration
of 100 μmol/L is near to its highest effective dose.
As we know, there is a close relationship between
calcium and muscle contraction. We therefore utilized
nifedipine (10 μmol/L), an L-type calcium channel
blocker. At a gingerol concentration of 75 μmol/L, after
administering nifedipine, the percentage of gingerolinduced inhibition was diminished from 77.1% ± 4.2%
to 42.6% ± 3.6%. This indicates that gingerol inhibited
spontaneous contraction by inhibiting calcium influx
via L-type calcium channels, at least in part. This was
also shown at a cellular level. These results indicate
that the calcium influx via L-type calcium channels
was diminished by gingerol to inhibit the spontaneous
[22]
contraction of the colon in rats. Townsend et al
2+
reported that 6-gingerol prevented Ca inﬂux through
2+
L-type Ca channels to promote airway smooth muscle
relaxation. Furthermore, pretreatment with 20 mmol/
L ruthenium red (a ryanodine receptor antagonist)
signiﬁcantly diminished the initial increase of calcium
caused by 6-gingerol, suggesting a mechanism of
action of 6-gingerol that involves intracellular calcium
store depletion. However, we do not know whether
intracellular calcium stores participate in the 6-gingerolinduced inhibition of colonic contraction in rats.
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Taken together, these findings indicate that 6-gingerol
2+
inhibits spontaneous contraction by preventing Ca
influx through L-type calcium channels. Future studies
will investigate if intracellular calcium stores participate
in this process.
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Ginger, an herbal medicine, has been traditionally used to treat various kinds
of diseases including gastrointestinal symptoms. Gingerol, a non-pungent
analogue of gingerone, which is an active constituent of ginger, can effect on
diarrhea via inhibiting colonic motility. However, the mechanism of gingerol to
inhibit colonic motility is not clear.
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Gingerol has been reported to possess a variety of biological properties
including anti-cancer, anti-oxidant, anti-inflammation, anti-aggregation,
antifungal and anti-diarrhea. But the molecular mechanisms underlying the
effects of gingerol on gene expression, the signaling pathway and effectual
protein involved are required to elucidate.

Innovations and breakthroughs

Recent reports have highlighted that gingerol will be useful as an oral or
suppository medicine for treating diarrhea and other gastrointestinal disorders.
Abnormal facilitation of gastrointestinal motility and excessive fluid secretion
of the gastrointestinal tract cause diarrhea. There are many ion channels and
second messengers involved in this process. However, there is no report in
which the effect of gingerol on L-type calcium channel current is described. The
purpose of the present study is to clarify the effect of gingerol on colonic motility
and the role of L-type calcium channel current in the process.

Applications

By understanding the effect of gingerol on colonic motility and the role of L-type
calcium channel current in the process, this study may help us to understand
the mechanism of gingerol to treat diarrhea.

Terminology

The L-type calcium channel (also known as the dihydropyridine channel, or
DHP channel) is part of the high-voltage activated family of voltage-dependent
calcium channel. “L” stands for long-lasting referring to the length of activation.
This channel has four subunits (Cav1.1, Cav1.2, Cav1.3, and Cav1.4).
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Abstract
AIM: To investigate the effect of Golgi phosphorylation
protein 3 (GOLPH3) expression on cell apoptosis,
angiogenesis and prognosis in colorectal cancer (CRC).
METHODS: The expression of GOLPH3 in CRC tissues
and normal colorectal mucosae was determined by
immunohistochemistry in 62 patients. In addition,
immunohistochemistry was also carried out to detect
the expression of vascular endothelial growth factor
(VEGF), CD34 and microvessel density (MVD). Terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling assay was used to determine the apoptotic
index (AI). The Kaplan-Meier method was used to
analyze the relationship between GOLPH3 expression
and survival in another 123 CRC cases.
RESULTS: Compared with normal colorectal mucosae,
a notably higher level of GOLPH3 protein expression
was identified in CRC tissues (53.2% vs 24.2%, P <
0.05). Positive GOLPH3 expression was significantly
associated with tumor invasion depth, TNM stage,
and lymph node metastasis (P = 0.001; P = 0.020; P
= 0.020; P < 0.05, respectively), but not with tumor
length, tumor site, and age (P = 0.363; P = 0.819;
P = 0.599; P > 0.05, respectively). VEGF expression
and MVD in GOLPH3-positive CRC was significantly
higher than in GOLPH3-negative CRC (VEGF: 69.7% vs
31.0%; MVD: 21.45 ± 9.39 vs 14.24 ± 8.97; P < 0.05).
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GOLPH3 expression was negatively correlated with AI
in CRC as shown by Spearman correlation analysis (r =
-0.320, P < 0.05). The 5-year survival rate in GOLPH3negative CRC (69.4%) was significantly higher than in
GOLPH3-positive CRC (48.6%) (log-rank test, P < 0.05).
CONCLUSION: High expression of GOLPH3 is found
in CRC tissues. GOLPH3 expression may be a novel
prognostic marker for CRC patients.
Key words: Colorectal cancer; Golgi phosphorylation
protein 3; Cell apoptosis; Angiogenesis; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Golgi phosphorylation protein 3 (GOLPH3) was
identified as a Golgi membrane protein initially and as
a new oncogene in recent years. This study reports a
notably higher level of GOLPH3 expression in colorectal
cancer (CRC) tissues compared with normal colorectal
mucosae. Positive GOLPH3 expression was significantly
associated with tumor invasion depth, TNM stage, and
lymph node metastasis. In addition, GOLPH3 expression
was correlated with cell apoptosis and angiogenesis.
Our data suggest that GOLPH3 expression may be a
novel prognostic marker for patients with CRC.
Guo YT, Qiu CZ, Huang ZX, Yu WS, Yang XF, Wang MZ.
Correlational research of Golgi phosphorylation protein 3
expression in colorectal cancer. World J Gastroenterol 2015;
21(48): 13473-13479 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i48/13473.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i48.13473

INTRODUCTION
Colorectal cancer (CRC) is a serious threat to humans,
and the incidence and mortality rate of CRC are high
in many countries. At present, complete resection
is still the main treatment option, however, despite
continuing improvements in surgical techniques,
radiotherapy and chemotherapy, almost half of patients
who receive radical surgery die of tumor metastasis
and recurrence. Thus, it is imperative to identify a
predictive index of CRC recurrence or metastasis.
In addition, an understanding of the molecular
regulatory mechanism associated with CRC invasion
and metastasis is of great importance to guide clinical
[1]
diagnosis and treatment .
The occurrence and development of CRC requires
the participation of multiple genes, but there is still a
lack of objective molecular markers to help in the early
diagnosis of tumor and prognosis. Thus, it would be of
great significance to further explore the pathogenesis
of CRC and the resistance mechanism, and identify
new targets for tumor targeting therapy.
Golgi phosphorylation protein 3 (GOLPH3), which
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was identified as a Golgi membrane protein initially,
and as a new oncogene in recent years, is found in
a number of organisms and plays a decisive part in
[2-4]
morphology and Golgi trafficking . The mammalian
target of rapamycin (mTOR) is a key point in the PI3K/
AKT/mTOR signaling pathway, and is associated with
[3,5]
tumor growth and proliferation . Recent research
showed that GOLPH3 can promote the proliferation
of cancer cells by activating mTOR and may be a new
[5]
oncogene . However, research on the GOLPH3 gene
and apoptosis in CRC is relatively rare.
In this study, we measured the expression of
GOLPH3 in CRC tissues to investigate its relationship
with cell apoptosis and angiogenesis, and explored the
effects of GOLPH3 on the development and prognosis
of CRC.

MATERIALS AND METHODS
Patients and tissue specimens

Group Ⅰ: This group included 62 CRC patients who
underwent surgical resection from February 2012
to July 2012 in Fujian Medical University the Second
Affiliated Hospital, and had available tumor samples.
A total of 62 CRC tissues were acquired from resected
normal mucosae and tumors. The samples were then
frozen in liquid nitrogen and stored at -80  ℃. The TNM
stages were determined using classification guidelines
th
by the American Joint Committee on Cancer in the 7
edition. The clinicopathological characteristics of the
patient cohort are summarized in Table 1. Each patient
had a complete medical record and did not receive
chemoradiotherapy before surgery.
Group Ⅱ: This group included 123 CRC patients who
underwent surgical resection from January 2005 to
December 2009 in the Second Affiliated Hospital of
Fujian Medical University. All patients (72 males and
51 females) had complete medical records and did
not receive chemoradiotherapy before surgery. The
age range of the CRC patients was 28-87 years (mean
64.04 ± 12.52 years). All patients were followed up
by phone or clinic visit for 1 to 93 mo, and the median
follow-up period was 62 mo.

Reagents

Rabbit anti-GOLPH3 (ab98023) polyclonal antibody
(Abcam); mouse anti-vascular endothelial growth
factor (VEGF) monoclonal antibody (VGl) (Abcam); and
mouse anti-CD34 monoclonal antibody (QBEnd/10)
(Abcam) were used. The secondary antibody was
biotin-labeled Goat anti-rabbit IgG (Abcam). The
immunohistochemical kit was from Beijing Zhongshan
Biotechnology Co., Ltd (Bejing, China). The in situ
apoptosis detection kit was from Roche in Shanghai,
China.

Immunohistochemistry

Immunohistochemistry was performed according to
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VEGF was evaluated by combining the intensity of
staining and the proportion of positively stained tumor
cells, and the final score was calculated as follows. The
scores for the proportion of positively stained tumor
cells were: 0, < 5%; 1, 5%-25%; 2, 25%-50%; 3,
50%-75%; and 4, ≥ 75%; and the scores for staining
intensity were: 0, no staining; 1, weak staining (light
yellow); 2, moderate staining (yellow brown); and 3,
strong staining (brown). The staining index of GOLPH3
and VEGF in CRC tissues was obtained by multiplying
the two scores for each sample. The final scores of 0, 1,
[6]
2, 3, 4, 6, 9, or 12 were obtained. A maximum score
of 4 was defined as negative expression.

Table 1 Relationship between Golgi phosphorylation protein
3 expression in colorectal cancer tissues and clinicopathologic
factors
Clinicopathologic parameters

GOLPH3 expression
Total Negative

Age (yr)
≤ 60
> 60
Tumor site
Right
Hemicolon
Left hemicolon
Rectum
Tumor length (cm)
≤5
>5
Differentiation
G1-G2
G3
Clinical stage
Ⅰ-Ⅱ
Ⅲ

Depth of invasion
Inside serous membrane
Outside serous membrane
Lymph node metastasis
Yes
No

Positive

χ2

P

value

30
32

13
16

17
16

0.276 0.599

11

6

5

0.399 0.819

12
39

5
18

7
21

40
22

17
12

23
10

0.827 0.363

51
11

27
2

24
9

4.391 0.036

33
29

20
9

13
20

5.422 0.020

14
48

12
17

2
31

11.014 0.001

29
33

9
20

20
13

5.422 0.020

Calculation of microvessel density

GOLPH3: Golgi phosphorylation protein 3.

standard protocols, and was used to detect GOLPH3,
VEGF and CD34 protein expression in 62 CRC cases,
and GOLPH3 protein expression was detected in
another 123 CRC cases. Sections from the paraffinembedded samples were dried overnight at 37  ℃ ,
and then deparaffinized with xylene and rehydrated.
The sections were treated with 3% hydrogen pero
xide for 20 min to inhibit the activity of endogenous
peroxidase and then microwaved for antigenic retri
eval using ethylene diamine tetraacetic acid (EDTA)
buffer. Nonspecific antibody binding was blocked.
Subsequently, the sections were incubated with antiGOLPH3 antibody (1:100), anti-VEGF antibody and
anti-CD34 antibody overnight at 4℃. After rinsing, the
sections were incubated with biotin-labeled secondary
antibody bound to a streptavidin-horseradish peroxidase
complex. The peroxidase reaction was developed in
DAB buffer substrate for visualization. The sections
were then counterstained, mounted, and observed
under microscope. Phosphate buffered saline (PBS)
replaced the primary antibody as a negative control.

TUNEL assay

We chose the “no dead zone” of the 62 CRC tissues, and
followed the instructions in the apoptosis detection kit.

Evaluation of GOLPH3 and VEGF staining

Immunohistochemical results were evaluated by
two pathologists independently who were blinded to
patient data, and any disagreement was resolved by
consensus. The protein expression of GOLPH3 and
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Microvessels were recorded by counting CD34
positively stained endothelial cells. The microvessel
density (MVD) was assessed by two pathologists
independently, and any disagreements were resolved
by consensus. In the few instances of discrepant
scoring, two pathologists recounted and an average
was obtained. The highest microvascular density
areas were selected under low microscope power
(100 × magnification) and the vessels in five fields
were counted at high microscope power (400 ×
magnification). MVD measurements were obtained
by calculating the average of the counts in five fields.
Vessels were excluded if they had thick muscular walls
or a large lumen. The calculated results were rounded.

Apoptosis index

The cell nucleus stained yellow-brown was considered
positive for the corresponding protein expression.
The apoptosis index (AI) was defined as the ratio of
positively stained tumor cells to all tumor cells. For
each case, 1000 randomly selected tumor cells in 5
areas were counted under 400 × magnification.

Statistical analysis

Statistical analysis was performed using the statistical
package for Social Sciences, version 19.0 (SPSS, Inc.,
Chicago, IL, United States). The relationships between
GOLPH3 expression and both clinicopathological
2
features and VEGF were analyzed by the χ test.
Pearson correlation analysis was used to determine the
relationship between intratumoral MVD and GOLPH3
protein expression, whereas the factors associated
with AI were analyzed using the t test and Spearman
correlation analysis. The Kaplan-Meier method was
used to estimate the relationship between GOLPH3
expression and prognosis of CRC, and the differences
were compared using the log-rank test. P < 0.05 was
considered statistically significant.

RESULTS
Clinical data in Group Ⅰ

GOLPH3 expression in CRC tissues and normal
colorectal mucosae: Immunohistochemistry results
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A

Figure 2 Vascular endothelial growth factor expression in colorectal
cancer tissues.

B

Correlation between GOLPH3 and MVD in CRC
tissues: The expression of CD34 was mainly located
in vascular endothelial cytoplasm. The MVD in the
GOLPH3 negative expression group (29/62) was 14.24
± 8.97 in CRC tissues, and was significantly lower than
that in the GOLPH3 positive expression group (33/62)
(MVD = 21.45 ± 9.39) (t = -3.090, P < 0.01).
Figure 1 Expression of Golgi phosphorylation protein 3 in colorectal
cancer tissues (A) and normal colorectal mucosae (B).

indicated that GOLPH3 expression was mainly located
in the cytoplasm of CRC tissues (Figure 1A). The
positive expression rate of GOLPH3 was 53.2% (33/62)
in CRC tissues, and was markedly higher than that in
normal colorectal mucosae [24.2% (15/62); P < 0.01]
(Figure 1B).
GOLPH3 expression and its association with
clinicopathological characteristics in CRC tissues:
Compared with moderately-to-well differentiated,
no metastatic lymph nodes, and stage Ⅰ -Ⅱ CRCs,
GOLPH3 expression level was significantly higher in
poorly differentiated, metastatic lymph nodes, and
stage Ⅲ CRCs (P < 0.05), respectively. However,
GOLPH3 expression was not significantly correlated
with other clinicopathologic parameters, such as age,
site, length of the invasive tumor (P > 0.05) (Table 1).
Correlation between GOLPH3 and VEGF expression
in CRC tissues: Immunohistochemistry results
indicated that VEGF expression was mainly located in
the cytoplasm, and showed tan-grains (Figure 2). The
rate of VEGF positive expression was 69.7% (23/33)
in CRC with GOLPH3 positive expression, and was
significantly higher than that in CRC with GOLPH3
2
negative expression (31.0%, 9/29) (I = 9.239, P =
0.002). Thus, immunohistochemistry method showed
that GOLPH3 expression was associated with VEGF
expression (P = 0.05).
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Relationship between GOLPH3 expression and
apoptosis in CRC tissues. AI was 1.531 ± 0.118 in
CRC tissues with GOLPH3 positive expression, and was
significantly lower than that in CRC tissues with GOLPH3
negative expression (2.138 ± 0.186) (t = 2.824, P
< 0.01). The staining score for GOLPH3 expression
was negatively correlated with AI in CRC tissues using
Spearman correlation analysis (r = -0.320, P < 0.05).

Clinical data in Group Ⅱ

High GOLPH3 expression was related to poor prognosis
in CRC. In this group, the overall 5-year survival rate
was 56.9%. The CRC patients were divided into two
groups according to GOLPH3 expression levels: 5-year
survival rate was 48.6% in the GOLPH3 positive
expression group, and was 69.4% in the GOLPH3
negative expression group (Figure 3). The log-rank
test showed that the survival time in the GOLPH3
positive expression group was significantly lower than
that in the GOLPH3 negative expression group (P =
0.014).

DISCUSSION
Cancer progression is a very complex process, and
includes tumor cell transformation, growth, invasion,
angiogenesis, dissemination and survival in the
circulation, and subsequent adhesion and colonization
in the distant organ or tissue. Among these events,
aberrant cell apoptosis, proliferation, and angiogenesis
play crucial roles in the growth and dissemination of
[7,8]
tumors, and cancer progression .
GOLPH3, also known as GMx33, is located on
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Figure 3 Survival curves of patients with positive and negative Golgi
phosphorylation protein 3 expression in colorectal cancer tissues.

chromosome 5p13, and its encoded protein is a highly
conserved 34 kDa protein initially identified through
proteomic characterization of the Golgi apparatus,
[9]
and plays a role in protein transmission . In recent
years, high expression of GOLPH3 has been shown to
be associated with poor prognosis in many cancers,
[10]
such as breast cancer , esophageal squamous
[11]
[12]
cell carcinoma , oral tongue cancer , gastric
[6]
[13]
[14]
cancer , prostate cancer , glioblastoma multiforme ,
[15]
[16]
gliomas , and rhabdomyosarcoma . In the present
study, it was similarly demonstrated that the
overexpression of GOLPH3 in CRC tissues could reflect
the degree of malignancy of CRC, and was correlated
with poor prognosis, which may be a factor in the
biological behavior and prognosis of CRC.
At present, great progress has been made in the
research on the mechanism of GOLPH3. Phospha
tidylinositol-4-phosphate (PI4P) is known to be highly
[17]
enriched at the trans-Golgi and is required for Golgi[18-20]
to-plasma membrane trafficking
. GOLPH3 plays
a critical role in Golgi-to-plasma membrane trafficking
[3]
as a novel effector of PI4P . In addition, GOLPH3
tightly interacts with an unconventional myosin,
MYO18A, recruiting it to the Golgi. MYO18A binds to
F-actin and the complex applies a tensile force that
[3,21,22]
pulls on the Golgi membrane
. A series of studies
indicated that GOLPH3 protein could cause abnormal
secretion of glycoprotein by adjusting the function of
[23,24]
glycosyltransferases
. At present, glycosylation
has been confirmed to be related to the growth,
adhesion, migration, invasion and immune recognition
of tumor cells. Abnormal glycosylation can increase
the aggressiveness of tumors. Moreover, some authors
observed that overexpression of GOLPH3, by driving
the Golgi DNA damage response, confers resistance to
killing by DNA damaging therapeutic agents, and may
explain its role in determining the poor prognosis of a
[25]
variety of cancers .
Angiogenesis is essential for cancer growth and
metastasis, and provides tumor cells with enough
nutrients and oxygen, which is regulated by various
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factors. VEGF is an important factor, which induces
tumor vessel formation. Research shows that the
expression of VEGF is closely related to the deve
[26,27]
lopment and infiltration of CRC
. Our results
showed that the level of GOLPH3 protein expression
in VEGF negative-expression cases was significantly
lower than that in VEGF positive-expression cases, and
the GOLPH3 expression level was positively correlated
with MVD. These findings demonstrated that GOLPH3
expression can upregulate VEGF expression, which
may promote tumor angiogenesis and growth in
CRC. GOLPH3 overexpression can upregulate HIF-1
expression by activating the PI3K/AKT/mTOR signaling
pathway and promote VEGF overexpression, which
results in the migration of endothelial cells to generate
new blood vessels to increase the blood flow to tumor
cells. Moreover, activation of the AKT signaling pathway
can also activate endothelial nitric oxide synthase
by affecting neural phospholipase, which results in
persistent nitric oxide production and the promotion of
CRC angiogenesis.
Our results showed that GOLPH3 expression was
negatively correlated with AI in CRC tissues and may
inhibit cell apoptosis. GOLPH3 protein can activate
[9]
the AKT signaling pathway , and the activated AKT
signaling pathway can inhibit the activity of caspase-9
by a phosphorylating reaction, resulting in a cascade
[28]
reaction, including caspase-2, 3, 6, 8, and 10 .
This series of reactions plays a role in resistance to
apoptosis.
In conclusion, high expression of GOLPH3 was
found in CRC. GOLPH3 overexpression may participate
in the occurrence and development of CRC by
inhibiting apoptosis and promoting angiogenesis,
and may be used as a prognostic predictor for CRC
patients.
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Innovations and breakthroughs

This study reports, for the first time, the relationship between the expression
of GOLPH3 and CRC by detecting cell apoptosis and angiogenesis. A
notably higher level of GOLPH3 protein expression was found in CRC tissues
compared with normal colorectal mucosae. GOLPH3 expression was correlated
with cell apoptosis and angiogenesis. The 5-year survival rate in GOLPH3negative CRC was significantly higher than that in GOLPH3-positive CRC.

11

12

Applications

High expression of GOLPH3 was positively associated with CRC. Therefore,
GOLPH3 expression may be a novel prognostic marker for patients with CRC.
13

Terminology

Vascular endothelial growth factor (VEGF) is secreted by certain tumor cells,
inducing the formation of tumor blood vessels and stimulating tumor growth.
VEGF is a strong angiogenesis factor. TUNEL is a special technique used to
determine cell apoptosis, which is necessary for the growth and dissemination
of tumors, and cancer progression.

14

Peer-review

The authors demonstrate the urgency for discovery of novel molecular markers
for CRC; and their work strives to address this need. Notably, the role of
GOLPH3 in cancer has only been recognized recently, and there is need to
further explore how its expression affects the behavior of different types of
cancer, including CRC.
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Abstract
AIM: To study the neural mechanism by which
electroacupuncture (EA) at RN12 (Zhongwan) and BL21
(Weishu) regulates gastric motility.
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METHODS: One hundred and forty-four adult Sprague
Dawley rats were studied in four separate experiments.
Intragastric pressure was measured using custommade rubber balloons, and extracellular neuron firing
activity, which is sensitive to gastric distention in
the dorsal vagal complex (DVC), was recorded by
an electrophysiological technique. The expression
levels of c-fos , motilin (MTL) and gastrin (GAS) in
the paraventricular hypothalamic nucleus (PVN) were
assayed by immunohistochemistry, and the expression
levels of motilin receptor (MTL-R) and gastrin receptor
(GAS-R) in both the PVN and the gastric antrum were
assayed by western blotting.
RESULTS: EA at RN12 + BL21 (gastric Shu and Mu
points), BL21 (gastric Back-Shu point), RN12 (gastric
Front-Mu point), resulted in increased neuron-activating
frequency in the DVC (2.08 ± 0.050, 1.17 ± 0.023,
1.55 ± 0.079 vs 0.75 ± 0.046, P < 0.001) compared
with a model group. The expression of c-fos (36.24 ±
1.67, 29.41 ± 2.55, 31.79 ± 3.00 vs 5.73 ± 2.18, P <
0.001), MTL (22.48 ± 2.66, 20.76 ± 2.41, 19.17 ± 1.71
vs 11.68 ± 2.52, P < 0.001), GAS (24.99 ± 2.95, 21.69
± 3.24, 23.03 ± 3.09 vs 12.53 ± 2.15, P < 0.001),
MTL-R (1.39 ± 0.05, 1.22 ± 0.05, 1.17 ± 0.12 vs 0.84
± 0.06, P < 0.001), and GAS-R (1.07 ± 0.07, 0.91 ±
0.06, 0.78 ± 0.05 vs 0.45 ± 0.04, P < 0.001) increased
in the PVN after EA compared with the model group.
The expression of MTL-R (1.46 ± 0.14, 1.26 ± 0.11,
0.99 ± 0.07 vs 0.65 ± 0.03, P < 0.001), and GAS-R
(1.63 ± 0.11, 1.26 ± 0.16, 1.13 ± 0.02 vs 0.80 ± 0.11,
P < 0.001) increased in the gastric antrum after EA
compared with the model group. Damaging the PVN
resulted in reduced intragastric pressure (13.67 ± 3.72
vs 4.27 ± 1.48, P < 0.001). These data demonstrate
that the signals induced by EA stimulation of acupoints
RN12 and BL21 are detectable in the DVC and the PVN,
and increase the levels of gastrointestinal hormones
and their receptors in the PVN and gastric antrum to
regulate gastric motility.
CONCLUSION: EA at RN12 and BL21 regulates gastric
motility, which may be achieved through the PVN-DVCvagus-gastric neural pathway.
Key words: Dorsal vagal complex; Gastrin receptor;
Motilin receptor; Neuronal firing activity; Paraventricular
hypothalamic nucleus; RN12; BL21
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study supports the “targeted convergence”
hypothesis: Shu-acu point and Mu-acu point signals
gather not only in spinal cord but also evince a
‘targeted convergence’ in brain stem and hypothalamus.
We determined that the signals induced by electro
acupuncture (EA) stimulation of gastric Shu and Mu
points gather in the dorsal vagal complex (DVC) and
paraventricular hypothalamic nucleus (PVN), increasing
levels of gastrointestinal hormones and their receptors in
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the PVN and gastric antrum to regulate gastric motility.
We hypothesize that EA at gastric Shu and Mu points
regulates gastric motility, which may be achieved through
the PVN-DVC-vagus-gastric pathway.
Wang H, Liu WJ, Shen GM, Zhang MT, Huang S, He Y. Neural
mechanism of gastric motility regulation by electroacupuncture at
RN12 and BL21: A paraventricular hypothalamic nucleus-dorsal
vagal complex-vagus nerve-gastric channel pathway. World J
Gastroenterol 2015; 21(48): 13480-13489 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i48/13480.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i48.13480

INTRODUCTION
According to the theory of traditional Chinese medicine
(TCM), the application of acupuncture at a combination
of Back-shu and Front-mu points has a solid theoretical
basis in the theories of Yin and Yang and of Qijie.
RN12 and BL21 points belong to the gastric Front-Mu
point and gastric Back-Shu point, respectively, and it
has been demonstrated that the combination of RN12
and BL21 is effective for the regulation of motility in
clinical practice. These points regulate the function of
the bowel and viscera via the closely related neuroendocrine-immuno network regulatory system. Among
these components, the functional activity of the
hypothalamus and brainstem is the core foundation of
acupuncture-modulated effects.
The dorsal vagal complex (DVC) comprises the
nucleus tractus solitari (NTS) and the dorsal motor
nucleus of the vagus (DMN). The paraventricular
hypothalamic nucleus (PVN) located on the top of
the hypothalamus, on the side of the third ventricle,
is one of the most prominent nuclei in the anterior
hypothalamus. DVC and PVN are considered to be
the most important nuclei regulating gastrointestinal
function in the higher central nervous system (CNS), a
regulated effect that is achieved through neuroendocrine
and autonomic function. The hypothalamus can affect
some independent activities through direct projections
to the DVC. The stimulation of the neurons in the
PVN activates the DMN neurons projecting into the
gastrointestinal system, namely, the locus coeruleusdorsal motor nucleus of the vagus (LC-DMN) pathway,
which may participate in the regulation of vagal
[1]
preganglionic neurons in the DMN by the PVN . The
NTS sends nerve fibers to the hypothalamus, and also
[2,3]
receives the most extensive projections of the PVN .
The PVN-DVC-vagus nerve pathway is involved in the
[4]
gastric response to noxious stimuli . Our recent study
demonstrated that electroacupuncture (EA) at RN12
and BL21 could induce the up-regulation of c-fos in the
DVC, which, remarkably, suggests the convergence
of acupuncture signals in the medullary DVC, and
the participation of gastrointestinal hormones such
as motilin and gastrin in modulating the effect of EA
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[5]

as well . The integrative activity that occurs within
the DVC nuclei is the result of inputs originating
from higher CNS (PVN) areas as well as from neuro
hormonal signals. All of these signals finely tune the
coordinated function of the stomach. As the DVC
contains gastric distension-sensitive neurons, the exact
acupuncture signals that gather in the DVC remain
to be studied by using the electrophysiology method;
however, the more important target is to explore
whether the higher CNS (PVN) and gastrointestinal
hormones play an important role in regulating gastric
motility with EA stimulation of RN12 and BL21 (gastric
Shu and Mu points).
Therefore, the present study aimed to explore:
the exact acupuncture signals that gather in the
DVC by the electrophysiology method; the neural
mechanisms by which the PVN mediates the regulation
of gastric motility by RN12 (Wei Shu) and BL21
(Zhong Wan) stimulation; and the brain-gut peptide
receptors, such as motilin-receptor (MTL-R) and
gastrin-receptor (GAS-R or CCK-B receptor), through
which gastrointestinal hormones can influence gastric
functions in the PVN, determined via Western blotting
and immunohistochemistry.

MATERIALS AND METHODS
Animals

Adult male Sprague Dawley rats (SD, 220-280 g)
were obtained from Anhui Medical University (Hefei,
Anhui, China) in the present study. All animals were
housed under controlled conditions at a temperature
of 22 ± 2  ℃ and a 12-h light/dark cycle. Commercial
chow diet and autoclaved water were available to
the animals ad libitum. Animals were fasted for 12 h,
and anesthetized with pentobarbital (40 mg/kg, ip)
before sacrifice. All experimental procedures were
conducted in accordance with Anhui University of
Traditional Chinese Medicine guidelines for the care
and use of experimental animals and were approved
by the Institutional Animal Care and Use Committee at
Anhui University of Traditional Chinese Medicine (NO.
201309106).

Experimental design

Four separate experiments were performed, as
follows: (1) In experiment A, the intragastric pressure
was recorded, while the PVN was damaged. Rats were
randomly divided into three groups: the model group
(MOD, non-EA while submitted to gastric distention
alone), the PVN lesion group (damaged PVN) and the
PVN lesion + EA group (damaged PVN + EA at RN12
together with BL21); (2) In experiment B, rats were
randomly divided into the following five groups to
explore neuron firing activity in the DVC: the model
group (MOD), the non-acupoint (the middle points
of the line connecting the meridians where RN12 or
BL21 belong and their lateral neighbor meridians)

WJG|www.wjgnet.com

group (NA), the EA at RN12 group (RN12), the EA
at BL21 group (BL21), and the EA at RN12 plus
BL21 (RN12 is located on the abdomen and BL21
is located on the back) group (RN12 + BL21); (3)
In experiment C, the grouping was the same as in
experiment B, except the hypothalamus was removed
to determine the expression of c-fos, MTL and GAS by
immunohistochemical staining; and (4) In experiment
D, the grouping was the same as in experiment B,
except both the hypothalamus and gastric antrum
were removed to determine the expression of MTL-R
and GAS-R by western blotting.

Measurement of intragastric pressure

The method was very similar to our previous experi
[5]
ments . Briefly, a self-made balloon was used to
measure the ingastric pressure. It was inserted into the
body of the anesthetized rats’ stomach through a small
incision in the duodenum, which we call the gastric
distention model (MOD). Intragastric pressures were
recorded by the PowerLab 8/30 system (Australia) and
analyzed by the LabChart.

PVN lesion

After the rats were anesthetized, they were placed
in a stereotaxic frame. Based on the “rat brain in
[6]
stereotaxic coordinates” of Paxinos and Watson , the
electrode was advanced into the PVN (coordinates: AP
1.5 mm, R 0.4 mm, H 7.7-7.8 mm), and the bilateral
PVN were destroyed using DC current (2 mA, 10 s) via
a lesion-making device.

Electroacupuncture procedure

Based on the anatomical localization in rats as
compared with that in the human body (Figure 1), EA
was performed at RN12 (20 mm above the umbilicus
on the midline of the upper abdomen, with a needle
inserted at 2 mm), left BL21 (5 mm on side of the
twelfth thoracic vertebra, with a needle inserted at
4 mm) and non-points (the middle points of the
line connecting the meridians where RN12 or BL21
belonged and their lateral neighbor meridians). These
needles were connected to an SDZ-IV type electronic
acupuncture instrument (Suzhou, Jiangsu, China), with
the frequency set to 20-100 Hz, the current intensity
set to 2 mA. In experiments A and B, the EA process
was conducted for 20 min each time in each rat when
the intragastric pressure measurement instrument in
experiment A or the neural data acquisition system
in experiment B were ready. The EA process lasted
20 min every day for 7 d to ensure changes in c-fos,
gastrointestinal hormones, and their receptors in
experiment C and D.

Extracellular neuronal recording

Rats were anesthetized with pentobarbital (40 mg/kg,
ip) and tightly fixed in a stereotaxic apparatus; the
bregma and lambda surface of the brain were exposed
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BL21

optical density (IOD) in the PVN.

Non-point

Western blotting

Non-point

RN12 Umbilicus

Figure 1 The location of RN12, BL21 and non-points in rat.

and then placed at the same level. An approximately
2 mm × 2 mm hole was drilled into the skull and
brain membrane was carefully removed according
to the coordinates of Paxinos and Watson: DVC (Ap:
11.3-14.3 mm, L: 0.5-1.7 mm, and H: 7.5-8.7 mm).
The electrode was inserted into the coordinates during
the experiment, while the wound was covered with a
moist cotton ball of 37 ℃ to protect brain tissues from
drying out before recording started.
Each recording of extracellular neuron firing
activity was made using a pair of 16-channel stainless
steel microwire arrays (reference and recording) as
an electrode, the ends of which were covered with
polyethylene glycol (PEG) to reinforce its strength.
The electrode was connected with an electrically
isolated digitizing amplifier into an OmniPlex neural
data acquisition system (Plexon, United States). These
neural firing activity data were analyzed using an
Offline Sorter (Plexon, United States).
Before the experiment began, all the instruments
for measuring intragastric pressure were prepared.
The electrode was then inserted into the DVC, and
after the neuronal firing pattern became stable, the
neuron was then tested with 37 ℃ water inserted into
the balloon to determine whether it was responsive
to gastric distention. If the neuron was responsive to
gastric distention, we began to record its discharge
activity for approximately 30 s, then performed the
EA procedure for another 30 s before finally removing
the EA process and allowing it to recover to its firing
pattern before EA.

Immunohistochemistry

To detect the expression of the assayed proteins c-fos,
motilin and gastrin in the PVN, immunohistochemistry
was performed. The technology was very similar to
[5]
our previous experiments . Briefly, we prepared the
corresponding polyclonal rabbit antibody diluted in PBS
(primary antibody), dropping the biotinylated goat
anti-rabbit secondary antibody. All the operations were
performed according to the immunohistochemical
staining procedure (SP kit). c-fos, MTL, and GAS
immunoreactivity in the PVN can be seen under an
electron microscope as a dark brown nuclear staining.
Image-Pro Plus 5.1 software analyzed the integrated
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To detect the expression of the assayed proteins,
gastrin/CCK-B receptor and motilin receptor in both
hypothalamus and gastric antrum, western blotting
was performed. The receptor proteins were extracted
from the hypothalamus and gastric antrum (1.5
cm above the pylorus). Samples were mechanically
dissociated and lysed in radioimmunoprecipitation
assay 37 (RIPA) buffer (50 mmol/L Tris-HCl, 150
mmol/L NaCl, 1 mmol/L Na 2-EDTA, 1% NP-40,
0.25% Na-deoxycholate) containing protease and
phosphatase inhibitor cocktails (Roche). After brief
sonication and heating, the supernatants were
subjected to SDS-PAGE and transferred to PVDF
membranes. Blots were incubated overnight at
4 ℃ with primary antibodies (CCK-BR, Beyotime
Biotechnology, 1:800; MTL-R, Beyotime Biotechnology,
1:500; β-actin, Beyotime Biotechnology, 1:500) and
were then incubated with HRP-conjugated secondary
antibodies (GE Healthcare). Blots were visualized with
an enhanced chemiluminescence reagent (Millipore)
and quantified with Image Lab (Bio-Rad).

Statistical analysis

All experimental values were expressed as the mean
± SD. Statistical analysis was performed with one-way
ANOVA followed by Fisher’s Least Significant Difference
(LSD) test. A difference with a P value < 0.05 was
considered statistically significant.

RESULTS
The recording of extracellular neuron firing activity in
the DVC

We tested whether there is a direct neuronal link by
which DVC could regulate gastric motility that could be
activated by EA to explore the neural pathway of EA
at gastric Shu and Mu points (Figure 2A). Compared
with the MOD group, the neuron-activating frequency
of gastric distension sensitive neurons increased
significantly in the RN12 + BL21, RN12 and BL21
groups (P < 0.01). EA had no significant effects on the
non-acupoint group. Compared with the RN12 + BL21
group, the neuron-activating frequency decreased in
the RN12 and BL21 groups (P < 0.01) (Figure 2B).
These results suggest that EA at RN12 and BL21 can
activate DVC neurons and that acupuncture signals
may gather in the DVC.

c-fos expression in the PVN

To establish whether the RN12 and BL21 acupunc
ture signals gather in the PVN, we used immunohisto
chemistry to determine c-fos expression in the
PVN (Figure 3A). Compared with the MOD group,
Fos-positive neurons increased significantly in the
RN12+BL21, RN12 and BL21 groups (P < 0.01). They
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Figure 2 Recording of extracellular neuron firing activity in the dorsal vagal complex. A: Representative rat neuronal firing pattern in the dorsal vagal complex
(DVC) induced by stimulating RN12 and BL21; B: Summarized data for neuronal firing activity by electroacupuncture (EA) stimulation at RN12 and BL21 in DVC (bP
< 0.01 vs the MOD group; dP < 0.01 vs the RN12 + BL21 group); C: DVC coordinates: the anatomic location of the DVC and the rat brain in stereotaxic coordinates
were adapted from the atlas of Paxinos and Watson.

were significantly increased in the RN12+BL21 group
compared with the RN12 and BL21 groups (P < 0.05).
EA had no significant effects on the non-acupoint group
(Figure 3B). These results suggest that RN12 and BL21
acupuncture signals gather in the PVN.

The recording of intragastric pressure

To demonstrate whether PVN was the central target
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of EA at RN12 + BL21 that regulated gastric motility,
the PVN was damaged stereotaxically with a lesionmaking device. The intragastric pressure (IGP) was
decreased compared with the MOD group (P < 0.01),
and the waves did not become disordered (in the
DVC lesion, the waves became disordered, however).
The decreased IGP induced by the PVN lesion did not
increase after EA at RN12 + BL21 (Figure 4A and B),
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suggesting that PVN plays critical roles in EA at RN12
+ BL21 regulating gastric motility.

MTL and GAS expression in the PVN

MTL-R and GAS-R expression in the hypothalamus

To establish whether endogenous MTL and GAS
expression may be altered in response to EA in PVN,
we used immunohistochemistry to determine the
expression of these gastrointestinal hormones in the
PVN. Compared with the MOD group, the expression
of MTL and GAS in the rat PVN significantly increased
in the three EA groups (P < 0.01). Additionally, MTL
expression levels increased in the RN12 + BL21 group
compared with the RN12 group (P < 0.01), and GAS
expression levels increased in the RN12 + BL21 group
compared with the BL21 group (P < 0.05). EA had no
significant effects in the non-acupoint group (Figure 5).
Our data suggest that gastrointestinal hormones in the
PVN participate in the modulation of gastric motility by
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the EA stimulation of RN12 and BL21.

To establish whether gastrointestinal hormones in the
PVN participate in the modulation of gastric motility
by EA stimulation of RN12 and BL21 through their
receptors, we used western blotting to determine the
expression of MTL-R and GAS-R in the hypothalamus
(Figure 6A). Compared with the MOD group, the
expression of MTL-R and GAS-R in the hypothalamus
increased significantly in the RN12 + BL21, RN12 and
BL21 groups (P < 0.01); MTL-R did not significantly
increase in the non-acupoint group, but did significantly
increase in the RN12 + BL21 group compared with
the RN12 and BL21 groups (P < 0.01) (Figure 6B).
These results demonstrate that the modulatory effect
of EA may be due to the interaction of gastrointestinal
hormones and their receptors in the hypothalamus.
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To establish whether endogenous MTL-R and GAS-R
expression may be altered in response to EA in the
gastric antrum, we used western blotting to determine
the expression of these receptors in the gastric antrum
(Figure 7A). Compared with the MOD group, the
expression of MTL-R and GAS-R in the gastric antrum
increased significantly in the RN12 and BL21 groups,
as well as in the RN12 + BL21 group (P < 0.01).
GAS-R expression significantly increased in the RN12 +
BL21 group compared to the RN12 and BL21 groups (P
< 0.05 or P < 0.01) but did not significantly increase in
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MTL-R and GAS-R expression in the gastric antrum
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Figure 6 Motilin receptor and gastrin receptor expression in the hypotha
lamus. A: Motilin receptor (MTL-R) and gastrin receptor (GAS-R) protein
expression in the hypothalamus is shown by western blotting. Lane a: RN12 +
BL21 group; Lane b: BL21 group; Lane c: RN12 group; Lane d: Non-acupoint
group; Lane e: Model group; B: Summarized data for the expression of MTL-R
and GAS-R by electroacupuncture (EA) stimulation at RN12 and BL21 in the
hypothalamus (bP < 0.01 vs the MOD group; dP < 0.01 vs the RN12 + BL21
group.
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Figure 7 Motilin receptor and gastrin receptor expression in the gastric
antrum. A: Motilin receptor (MTL-R) and gastrin receptor (GAS-R) protein
expression in the gastric antrum shown by western blotting. Lane a: RN12 +
BL21 group; Lane b: BL21 group; Lane c: RN12 group; Lane d: Non-acupoint
group; Lane e: Model group; B: Summarized data for the expression of MTL-R
and GAS-R by electroacupuncture (EA) stimulation at RN12 and BL21 in the
gastric antrum (aP < 0.05 or bP < 0.01 vs the MOD group; cP < 0.05 or dP < 0.01
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the non-acupoint group (Figure 7B). These results, at
least in part, demonstrate that the modulatory effect
of EA may be due to the increase in some brain-gutrelated receptors in the gastric antrum, such as MTL-R
and GAS-R.

DISCUSSION
It has been demonstrated that stimulation of the
combination of Back-shu points and Front-mu points
is effective in clinical practice. However, studies of the
mechanisms underlying this phenomenon have been
focused at the level of the spinal cord. Advances in the
study of Back-Shu and Front-Mu point combinations
have focused on whether the superior nerve center
involves the regulation of zang-fu organs by a
combination of Back-shu and Front-mu points. To
address whether this convergent effect could extend to
the superior nerve center, we put forward a “targeted
convergence” hypothesis: gastric Shu and Mu point
acupuncture signals gather not only in the spinal
cord but also in a targeted way in the brain stem and
hypothalamus in the higher central nervous system,
achieving an integrative effect through the neural

WJG|www.wjgnet.com

microcircuitry. Likely, gastric Shu and Mu afferent
signals primarily convey acupuncture input signals to
different levels of the central nervous system, such as
the spinal cord, medulla, brain stem, hypothalamus
and subcortex.
The DVC in the brainstem plays an important role
in autonomic regulation of gastric motility. Based on
our previous studies, we found that gastric motility was
blocked by DVC lesions or bilateral sub-diaphragmatic
vagotomy, and EA at RN12 + BL21 could not restore
this depression. DVC was found to play an important
role in the regulation of gastric motility by EA at RN12
+ BL21, an effect that depended upon the vagus
[5]
nerve . Electrophysiological experiments in this study
further clarified that DVC participated in the regulation
of gastric motility by the stimulation of RN12 and
BL21, which, in turn, indicated that there was a
direct neuronal link in the DVC by which they could
participate in the regulation of gastric motility.
The PVN may modulate a range of functions,
including ingestive behavior, sodium intake, and
glucose metabolism, as well as cardiovascular,
gastrointestinal, and respiratory activities. Neurons
in these PVN-innervated subnuclei of the lateral PB
may play a critical role in relaying ingestive feedback
information involving the mechanical distention
[7]
of the stomach . Some studies have shown that
electrical stimulation of the lateral hypothalamic
area (LHA) increased the firing activities of GDresponsive neurons in the PVN and promoted gastric
[8]
motility . The PVN serves as a central nucleus for
modulating gastrointestinal activities. The present
study demonstrated that repeated electroacupuncture
at the bilateral Zusanli and Yanglingquan points has a
cumulative analgesic effect by remodeling the synaptic
[9]
structure of the PVN . In this study, we found that
EA at RN12 and BL21 could induce the expression
of c-fos in the PVN and that the even more marked
upregulation in the RN12 + BL21 group demonstrates
that the acupuncture signals of the gastric Shu and Mu
points gather in the PVN as well. In addition, we found
that PVN lesions caused a decrease in gastric motility,
and that EA at RN12 + BL21 was unable to restore
this decreased gastric motility. It was demonstrated
that the PVN was another central target of the
gastric Shu and Mu points that combined to regulate
gastric motility. This finding verifies the “targeted
convergence” hypothesis as Shu and Mu point
acupuncture signals converge not only in the DVC but
also in a targeted manner in the PVN.
Emerging evidence indicates that acupuncture
treatment not only activates distinct brain regions in
different types of diseases but also modulates adaptive
neurotransmitters in related brain regions to alleviate
[10,11]
autonomic responses
.
In our previous study, motilin and gastrin in the
serum, gastric antrum and DVC increased significantly
[5,12]
with EA at gastric Shu and Mu points
. This showed
the gastrointestinal hormones react remarkably to
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and Mu points.

gastric motility with EA. Neurons with motilin mRNA
expression, motilin immunoreactivity, and motilin
receptors have been found in various regions of the
[13,14]
brain in different species
. Some studies found
that PVN was a central nucleus for modulating gastric
motility and motilin expression in the thyroid. PVN
excitation was shown to prompt gastric motility,
which was partly prevented by the motilin receptor
[15]
antagonist, GM-109 . Furthermore, studies have
shown that Motilin/FG-labeled neurons were detected
in the PVN, and a motilin receptor antagonist (GM109)
could abolish the responses of neurons and excitatory
[16]
effect of gastric motility induced by motilin . The
receptor of gastrin is always called the CCK-B receptor.
The majority of CCK-B receptors in the brain are
abundantly distributed throughout brain regions such
as the cerebral cortex, olfactory bulbs, hippocampus,
amygdala, nucleus accumbens, and the nucleus tractus
[17-19]
solitary(NTS)
. The roles of CCK-B receptor in
numerous physiologic processes in the gastrointestinal
tract and central nervous system have been well
[20]
documented . Some results showing that antagonists
for the CCK-B receptor microinfused into the PVN
[21]
inhibited colonic motility in non-fasted rats
suggest
a specific function of the CCK-B receptor in integrative
[22]
satiety controls via the PVN . Furthermore, some
studies suggest that the CCK-B receptor might play
a role in the tonic inhibition of 100 Hz EA-induced
analgesia and in the mediation of chronic tolerance
[23]
to 100 Hz EA in mice . Results also suggest that
the level of CCK-B receptor mRNA expression in the
hypothalamus has an important relationship with
the individual variations in the response to high
[24]
frequency EA analgesia in rats . In the present study,
we found that EA at RN12 and BL21 could increase
the expression of MTL, GAS, MTL receptor and GAS
receptor in PVN, as well as MTL receptor and GAS
receptor in gastric antrum. This suggests that the
increased levels of MTL and GAS (via MTL and GAS
receptors) within the PVN participate in EA-regulated
gastric motility, and that the MTL and GAS receptors in
gastric antrum also participate in EA-regulated gastric
motility.
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Taking into account the principles of traditional
Chinese medicine and all the data on gastric motility,
DVC neuronal activity, and the expression of brain-gut
peptides in both hypothalamus and gastric antrum, this
study demonstrated that EA stimulation of the gastric
Shu and Mu points could regulate gastric motility, with
combined stimulation of these acupoints eliciting a
synergistic effect. The effect was closely connected with
the DVC and PVN, as acupuncture signals generated
by EA at gastric Shu and Mu points gather in the DVC
and PVN, elevating the expression of gastrointestinal
hormone receptors in the hypothalamus and gastric
antrum, which in turn play a role in regulating gastric
motility through the vagus nerve. Thus, we propose that
the effects of combined EA stimulation of gastric Shu
and Mu points may be achieved through the combined
efforts of the PVN-DVC-vagus nerve-gastric channel
(Figure 8).
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COMMENTS
COMMENTS
Background

Clinically, electroacupuncture (EA) at BL21 and RN12 has been frequently
utilized as a therapy for patients with gastrointestinal dysfunction in Eastern
Asia. Previous studies by the authors demonstrated that EA stimulation of the
BL21 and RN12 could synergistically regulate gastric motility via elevating
gastrointestinal hormones in the dorsal vagal complex (DVC). Similar to the
DVC, the paraventricular hypothalamic nucleus (PVN) is also an important
nucleus for regulating gastrointestinal function. The present study aims to
evaluate if there is a direct neuron link for DVC to regulate gastric motility
which can be activated by EA at BL21 and RN12, and further to explore the
acupuncture signals of combined BL21 and RN12 not only in the DVC, but also
as “targeted convergence” in the PVN.

Research frontiers

Previous experiments have already proved that the acupuncture information of
Shu-acu points and Mu-acu points gathers in the spinal cord, while another part
gathers at the superior nerve center (brain stem and hypothalamus).

Innovations and breakthroughs

The authors put forward a hypothesis called “targeted convergence”: the
acupuncture signal of gastric Shu and Mu points gathers not only in the spinal
cord, but also have a phenomenon of targeted convergence in the brain
stem and hypothalamus of the higher central nervous system, achieving an
integration effect through the neural microcircuitry. This is the first study to show
the acupuncture signal of gastric Shu and Mu points gathers in superior nerve
centers, especially the PVN.

Applications

The present data demonstrate that the signals induced by EA stimulation of
acupoints RN12 and BL21 gather in the DVC and the PVN, increasing the levels
of gastrointestinal hormone and the receptors in the PVN and gastric antrum
to regulate gastric motility. The study indicates the neural biological basis of
combination of Back-shu and Front-mu points, to direct the compatibility of
acupoints in clinical acupuncture, improving the clinical efficacy.
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Terminology

DVC and PVN are two important nuclei regulating gastrointestinal function in
the higher central nervous system.

12

Peer-review

The subject has a very good foundation, and they forward a hypothesis called
“targeted convergence”, it is stimulating and innovative. The authors attempt to
shed a light on the matter of specificity of acupuncture stimuli is welcome, but
the article needs some work to be better.
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Abstract
AIM: To compare therapeutic outcomes and adverse
events in initial solitary hepatocellular carcinoma
(HCC) treated with radiofrequency ablation (RFA) and
®
CyberKnife .
METHODS: Seventy three consecutive patients with
initial solitary HCC treated with RFA (38 patients;
®
RFA group) and CyberKnife (35 patients; CK group)
were enrolled in this study. Background factors
were compared between the two groups. Local and
intrahepatic distant recurrence control, and cumulative
survival rates were compared between the two groups.
These were determined using the Kaplan-Meier method,
and the significance of differences was analyzed by log-
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rank test. The presence of more grade 3 on CTCAE ver.
4.0 early and late adverse events was investigated.
RESULTS: In background factors, age was significantly
higher (P = 0.005) and the tumor diameter was
significantly larger (P = 0.001) in the CK group. The
1-year local recurrence control rates were 97.4%
and 97.1% in the RFA and CK groups, respectively (P
= 0.71); the 1-year intrahepatic distant recurrence
control rates were 85.6% and 86.1%, respectively (P
= 0.91); and the 1-year cumulative survival rates were
100% and 95.2%, respectively (P = 0.075), showing
no significant difference in any rate between the two
groups. There were no late adverse event in the RFA
group, but 11.4% in the CK group had late adverse
events. In the CK group, the Child-Pugh score at 12 mo
after treatment was significantly higher than that in the
RFA group (P = 0.003) and significantly higher than the
score before treatment (P = 0.034).
CONCLUSION: The occurrence of adverse events is a
®
concern, but CyberKnife treatment is likely to become
an important option for local treatment of early HCC.
Key words: Hepatocellular carcinoma; Radiofrequency
®
ablation; Stereotactic body radiotherapy; CyberKnife ;
Adverse event
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To compare therapeutic outcomes and adverse
events in initial solitary hepatocellular carcinoma
(HCC) treated with radiofrequency ablation (RFA; 38
®
patients) or CyberKnife (35 patients). The 1-year
local recurrence control, the 1-year intrahepatic distant
recurrence control and the 1-year cumulative survival
rates were no significant difference in any rate between
®
the two groups. In the CyberKnife group, the ChildPugh score at 12 mo after treatment was significantly
higher than that in the RFA group and significantly
higher than the score before treatment. The occurrence
®
of adverse events is a concern, but CyberKnife is likely
to become an important option for local treatment of
early HCC.
Shiozawa K, Watanabe M, Ikehara T, Matsukiyo Y, Kogame M,
Kishimoto Y, Okubo Y, Makino H, Tsukamoto N, Igarashi Y,
Sumino Y. Comparison of percutaneous radiofrequency ablation
and CyberKnife® for initial solitary hepatocellular carcinoma: A
pilot study. World J Gastroenterol 2015; 21(48): 13490-13499
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i48/13490.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i48.13490

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malig
nancy worldwide, causing more than 500000 deaths
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every year. The incidence of HCC has increased
globally due to the spread of hepatitis B and C virus
[1,2]
infections . In Japan, therapeutic policy for HCC is
mainly decided based on the Evidence-based Clinical
Practice Guidelines for HCC developed by the Japan
[3]
Society of Hepatology (JSH) . For HCC with liver
damage A or B and 3 or fewer tumors with a diameter
of 3 cm or smaller, liver resection and percutaneous
ablation therapy are selected. However, most patients
with HCC confined to the liver are not candidates
for resection because of the frequent association
with cirrhosis and other contraindications. Liver
resection is also associated with a recurrence rate of
[4,5]
40%-60% . Thus, many HCC patients are treated
with percutaneous ablation therapy. Radiofrequency
ablation (RFA) was introduced in Japan in 1999 and
has been covered by national health insurance since
April 2004. RFA is performed at many institutions
because it can coagulate a wide area in one session
compared to other percutaneous treatments, such
as percutaneous ethanol injection therapy, and local
[6]
control is high .
®
CyberKnife (Accuray Incorporated, Sunnyvale,
CA, United States) stereotactic body radiotherapy
(SBRT) is image-guided robotic radiosurgery using a
radiation delivery platform that can detect and correct
for intrafraction tumor motion, as well as adapt to
the patient’s breathing pattern by moving the linear
®
accelerator in concert. CyberKnife was developed
in the United States in 1992, first applied clinically in
®
1994, and introduced in Japan in 1997. CyberKnife can
be used to perform multidirectional irradiation and
disperse the dose among normal tissues due to a
high degree of freedom in the direction of irradiation.
®
Therefore, irradiation in CyberKnife treatment is more
intensive than that in SBRT using a conventional Liniac
system.
®
The therapeutic indications of CyberKnife originally
included brain tumor and head and neck cancer. Use
for cancer in the trunk, including HCC, was begun
after approval in June 2008. Tumors in the trunk
®
move with respiration, but CyberKnife detects minute
body movements and fine-tunes the irradiation angle
using a seeker. Therefore, this approach has potential
as a novel local treatment for HCC due to its low
[7,8]
invasiveness and reduced burden on the patient .
In the 10 years since introduction of RFA for
treatment of HCC in Japan, the therapeutic outcome
and adverse events in RFA-treated HCC have been
[9,10]
widely reported
. In contrast, there have only been
a few studies on the therapeutic outcome of HCC
®[7,8,11-13]
treated with SBRT including CyberKnife
and,
to our knowledge, there has been no comparison of
therapeutic outcomes and adverse events in HCC
®
between RFA and CyberKnife . This comparison is
®
important in determining the indication of CyberKnife
treatment for HCC. In this study, we compared the
rapeutic outcomes and adverse events in patients with
®
initial solitary HCC treated with RFA or CyberKnife
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in almost the same period at our hospital and related
institutions, and retrospectively investigated the
®
efficacy of CyberKnife for HCC treatment.

MATERIALS AND METHODS
Patient characteristics

The subjects were 73 patients with initial solitary
HCC without comorbidity like cardiac, pulmonary and
®
celebral diseases, and treated with RFA or CyberKnife
between October 2011 and September 2014 at
our hospital and related institutions. There were 38
consecutive patients treated with RFA (RFA group) and
®
35 consecutive patients treated with CyberKnife (CK
group). All patients were diagnosed with HCC using
gray-scale ultrasonography (US), dynamic computed
tomography (CT) and Gd-EOB-DTPA-enhanced
magnetic resonance imaging (MRI) (EOB-MRI) based
on the new guideline of the American Association for
[14]
the Study of Liver Diseases . Serum α-fetoprotein
(AFP), AFP-L3 fraction, and des-γ-carboxyprothrombin
(DCP) levels were referred to, as needed. If a
diagnosis was difficult based on these examinations,
ultrasound-guided percutaneous transhepatic tumor
biopsy was performed and the diagnosis was made
histopathologically.
We chose treatments for all patients based on
the Evidence-based Clinical Practice Guidelines for
HCC published by the JSH. The RFA group comprised
patients with liver damage A or B, and a solitary
tumor with a diameter ≤ 3 cm, and in whom liver
resection was not indicated because they were elderly,
had other underlying diseases, or did not want liver
resection. Among the adaptation cases of RFA, we
®
chose CyberKnife treatment for elderly patients and
patients with respiratory disease for whom breathholding was difficult, those for whom RFA could not
be safely performed because of the location of HCC,
®
and those who requested CyberKnife treatment. The
patients met the following indications established at
related institutions based on reports on HCC treated
with SBRT: (1) A performance status ≤ 2; (2) ChildPugh classification A to B (scored 8); (3) serum T-Bil
≤ 3 mg/dL; (4) ICG 15-min ≤ 50%; (5) absence of
ascites; (6) solitary tumor ≤ 5 cm; (7) tumor located
≥1 cm from the intestine; (8) tumor not in contact
with the gall bladder; and (9) absence of distant
metastasis. Patients in both groups were all initial
(non-recurrent) cases.

RFA procedure

RFA was performed using a Cool-tip RF System
(Covidian, Boulder, CO, United States) or a CelonPower
[15]
System (Olympus Medical Systems, Tokyo, Japan).
All patients underwent ultrasound-guided RFA. Artificial
pleural or ascitic fluid (500-1000 mL of 5% glucose
solution) was used to facilitate visualization of lesions
with a subcapsular location or in the vicinity of the
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diaphragmatic dome, since these were difficult to
visualize by US.
The Cool-tip RF System had a 17-gauge cooledtip electrode with a 20- or 30-mm exposed tip. For
the 20-mm exposed tip, the initial power output was
40 W. This was increased by 10 W/min to a maximum
of 60 W. For the 30-mm exposed tip, the initial power
output was 60 W, and this was increased by 10 W/min
to a maximum of 90 or 100 W. For each tip, RF energy
was delivered 1 to 3 times until impedance increased
beyond the limit of the generator. After completion of
ablation, the RF needle was energized at 60 W and
removed while ablating the needle tract.
The CelonPower System generator had needletype bipolar applicators with electrodes of 3 cm in
length. The total energy and output were based
on the standard dosimetry table. RF current was
generated using automated control of the output
with a resistance-controlled power function. Ablation
times using 2 and 3 applicators were 17 and 16 min,
respectively.
When the ranges ablated using the two RF systems
were judged to be insufficient based on US findings
during treatment or in dynamic CT performed 2-4 d
after treatment, ablation was repeated using the same
procedure on the same day or the day after dynamic
CT.

CyberKnife® procedure

®

SBRT was performed with CyberKnife , a robotic
image-guided whole body radiosurgery system
equipped with a synchrony system for real-time
respiratory tracking of target volumes that move
with respiration. Overall accuracy is < 1.5 mm with
synchrony for mobile targets, with a treatment
®
accuracy of 0.3 mm. Since CyberKnife treatment
of cancer in the trunk, including HCC, cannot be
performed using the skeleton as the focal point (in
contrast to the skull in head and neck cancer), a
gold fiducial marker was implanted percutaneously
around the perimeter of the target volume using an
ultrasound-guided procedure prior to acquisition of a
planning CT scan. The gold fiducial marker is a coiled
device (0.75 mm in diameter and 5 mm in length)
that is implanted around the target lesion. For a lesion
in the right or left lobe of the liver, the marker could
be implanted in the right or left lobe, except for a S6
lesion.
Treatment planning CT was performed at least 7
d after fiducial placement. Patients were immobilized
on a vacuum mattress or a self-expanding foam
mattress in the treatment position (supine). A spiral
CT scan without contrast and a three-phase scan
with contrast (arterial, portal, and equilibrium) were
acquired for planning. The gross tumor volume (GTV)
was contoured on the contrast-enhanced lesion visible
on the partial-exhale contrast-enhanced CT scan.
Tumor tracking was performed during treatment
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Table 1 Patient characteristics
Variable
Observation period
Age (yr), mean ± SD
Gender
Male/female
Etiology
HBV/HCV/alchol/other
Child-Push classification, A/B
Tumor size

RFA (n = 38)

CyberKnief® (n = 35)

P value

561 (range 222-1223)
68.7 ± 10.5 (range 42-86)

379 (range 203-1065)
75.1.7 ± 8.1 (range 55-89)

0.15
0.005
0.82

27/11

24/11

9/18/3/8
31/7
17.5 ± 6.1 (range 7-29)

4/23/1/7
28/7
28.6 ± 11.5 (range 12-50)

0.32
0.86
0.001

P < 0.05, statistical significant. RFA: Radiofrequency ablation; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

using the inserted fiducial marker. The clinical target
volume (CTV) was defined as the GTV with a 10-mm
margin in all directions within the liver. A 1.5-mm
margin was applied to the CTV to obtain the planning
target volume (PTV). The total dose was 60 Gy and
the dose was increased or decreased based upon
the tumor size, location and residual liver function to
give 95% PTV coverage. Irradiation was divided into
3 to 5 fractions. The irradiation range of the hepatic
parenchyma surrounding the tumor was ≥ 17 Gy and
the irradiated site was ≤ 20% of the whole liver.

Statistical analysis

Outcomes: The course was followed in both groups
using changes in tumor markers and liver function in
blood tests at 1, 3, 6 and 12 mo after treatment and
at appropriate timepoints thereafter; the presence
of local and intrahepatic distant recurrence detected
on dynamic CT, contrast-enhanced US and EOB-MRI;
and adverse events. Background factors of median
observation periods, mean age, sex (male/female),
Child-Pugh classification (A/B), and mean tumor
diameter were compared between the two groups by
χ 2 test, Student t-test, and Mann-Whitney U-test.
Local and intrahepatic distant recurrence control,
and cumulative survival rates were compared between
the two groups. Local recurrence was defined as
recurrence of the treated lesion and intrahepatic
distant recurrence was defined as recurrence beyond
2 cm from the treated area. For instance, in large
segments such as segment Ⅶ, a recurrence within the
segment but beyond 2 cm from the previously treated
area is considered distant recurrence, although if in the
same segment. Only death from HCC or liver failure
(i.e., liver disease-related death) was regarded as a
fatal case. Local and intrahepatic distant recurrence
control, and cumulative survival rates were determined
using the Kaplan-Meier method, and the significance
of differences was analyzed by log-rank test. KaplanMeier curves were also prepared setting the baseline
at the day of treatment. Factors involved in local and
intrahepatic distant recurrence, including the tumor
diameter in the RFA group and the tumor diameter and
total dose in the CK group, were analyzed by Student
t-test.

WJG|www.wjgnet.com

Adverse events: The presence of grade 3 or more
severe early and late adverse events was investigated
based on the Common Terminology Criteria for
Adverse Events (CTCAE) ver. 4.0. Changes in the
Child-Pugh score from before treatment to 1, 3, 6
and 12 mo after treatment were analyzed by twoway repeated measures ANOVA. Adverse events that
developed during treatment and within 3 mo after
treatment were defined as early complications, and
those that developed 4 mo to one year after treatment
were defined as late complications.
P value < 0.05 was regarded as significant in all
statistical analyses. The study was approved by the
Ethical Review Board of Toho University Medical Center,
Omori Hospital.

RESULTS
Background

The median length of observation periods in the RFA
and CK groups were 561 and 379 d, respectively, with
no significant difference between the groups. In the
RFA group, the mean age was 68.7 ± 10.5 years old,
and there were 27 males and 11 females. The ChildPugh classification was A in 31 and B in 7 cases before
treatment, and the mean tumor diameter was 17.5 ±
6.1 mm. In the CK group, the mean age was 75.1 ± 8.1
years old, and there were 24 males and 11 females.
The Child-Pugh classification before treatment was A
in 28 and B in 7 cases, and the mean tumor diameter
was 28.6 ± 11.5 mm. Age was significantly higher (P
= 0.005) and the tumor diameter was significantly
larger (P = 0.001) in the CK group (Table 1).

Outcomes

The 1-year local recurrence control rates were 97.4%
and 97.1% in the RFA and CK groups, respectively
(P = 0.71) (Figure 1); the 1-year intrahepatic distant
recurrence control rates were 85.6% and 86.1%,
respectively (P = 0.91) (Figure 2); and the 1-year
cumulative survival rates were 100% and 95.2%,
respectively (P = 0.075), showing no significant
difference in any rate between the two groups (Figure
3).
In the RFA group, local recurrence occurred in 3
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Figure 1 Kaplan-Meier local recurrence curve. Comparison of the 1-year
local recurrence control rates between the radiofrequency ablation (RFA) group
and the CyberKnife® group (P = 0.71).
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Figure 2 Kaplan-Meier intrahepatic distant recurrence curve. Comparison
of the 1-year intrahepatic distant control rates between the radiofrequency
ablation (RFA) group and the CyberKnife® group (P = 0.91).

patients and the tumor diameters were 10, 18 and 25
mm, respectively. In the CK group, local recurrence
occurred in 3 patients and the tumor diameters and
total dose were 18 mm/60 Gy, 33 mm/39 Gy, and
46 mm/36 Gy, respectively. The tumor diameters of
2 of the 3 patients in the CK group were greater than
the mean of all patients in the group, and the mean
total dose was slightly lower than that for the whole
group. Intrahepatic distant recurrence occurred in 9
patients in the RFA group, but there was no significant
difference in the tumor diameter in these cases
compared to others in the group (P = 0.87) (Table 2).
Intrahepatic distant recurrence occurred in 7 patients
in the CK group, and the incidence was significantly
higher in cases with a large tumor diameter (P =
0.045) and low total dose (P = 0.036) (Table 3). In the
RFA group, RFA was performed for all local recurrence
(3 cases), and for intrahepatic distant recurrence
(9 cases), RFA and transarterial chemoembolization
(TACE) were performed for 7 and 1 cases, respectively
and untreated case was 1. In the CK group, for local
®
recurrences (3 cases), CyberKnife treatment and
TACE were performed for 2 and 1 cases, and for
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Figure 3 Clinical example of good responder patient by CyberKnife®. A
72-year old male with hepatitis C virus cirrhosis received CyberKnife® therapy
at a dose of 50 Gy in 5 fractions for hepatocellular carcinoma sized 28 mm
in diameter in S6/7. A: Dynamic computed tomography (CT) scan in arterial
phase before the treatment showed a hypervascular lesion in S6/7 (arrow); B:
Axial view of radiation dose distribution; C: The lesion did not be distinguished
on dynamic CT scan in arterial phase 12 mo after the treatment (arrow). This
therapeutic response was described as a complete response.
®

intrahepatic distant recurrence (7 cases), CyberKnife
treatment and TACE were performed for 3 each and
untreated case was 1.

Adverse events

There were no early adverse events in either group.
There were also no late adverse event in the RFA
group, but 4 of the 35 patients (11.4%) in the CK
group had late adverse events. All 4 patients had
ascites, and two of these patients were liver diseaserelated fatal cases, and the Child-Pugh score in
both patients was higher at 12 mo after treatment
compared to that before treatment (Figure 4). In
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A

Table 2 Risk factor of intrahepatic distant recurrence in the
radiofrequency ablation group
RFA
Distant recurrence (-) Distant recurrence (+) P value
n
Tumor size (mm)

29
17.4 ± 6.2

9
17.8 ± 6.0

0.87

Data are expressed as the mean ± SD. RFA: Radiofrequency ablation.

Table 3 Risk factor of intrahepatic distant recurrence in the
CyberKnife® group
CyberKnife
Distant recurrence
(-)
n
Tumor size (mm)
Total dose (Gy)

28
26.6 ± 11.1
50.6 ± 7.8

B

®

Distant recurrence P value
(+)
7
36.3 ± 10.6
43.6 ± 6.7

0.045
0.036

Data are expressed as the mean ± SD. P < 0.05, statistical significant.

the CK group, the Child-Pugh score at 12 mo after
treatment was significantly higher than that in the RFA
group (P = 0.003) and significantly higher than the
score before treatment (P = 0.034) (Figure 5).

DISCUSSION
Chronic hepatitis and liver cirrhosis are present in the
background liver as an underlying disease in many
HCC cases. In addition to tumor factors such as the
tumor diameter and number of tumors, background
factors including liver function are important in
deciding on a treatment method. Several stage
classification systems are used to evaluate hepatic
functional reserve, including the Barcelona Clinic
[16,17]
Liver Cancer Staging System
, Okuda Staging
[18]
System , and Cancer of the Liver Italian Program
[19]
Scoring System . In Japan, the therapeutic policy
is mainly decided using the Evidence-based Clinical
[3]
Practice Guidelines for HCC of the JSH , although with
some differences among institutions. For early HCC
with liver damage A or B and ≤ 3 tumors and a tumor
diameter ≤ 3 cm, liver resection and percutaneous
ablation therapy are recommended. Liver resection
is the primary curative treatment for HCC, with a
current 5-year survival rate of about 70%, especially
for small HCCs < 5 cm in diameter, due to improved
[20]
surgical techniques and postoperative management .
However, liver resection is only an option in 10%
to 30% of patients at diagnosis for various clinical
[21]
reasons . Moreover, intrahepatic distant recurrence
occurs after liver resection in many cases due to
[22]
multicentric carcinogenesis , a characteristic of HCC,
and some patients do not want liver resection.
For these reasons, many institutions perform RFA
as the first choice for treatment of early HCC. RFA is
the most common ablation modality worldwide with
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Figure 4 Clinical example of patient had late adverse events by
CyberKnife®. A 66-year old male with hepatitis B virus cirrhosis received
CyberKnife ® therapy at a dose of 42 Gy in 3 fractions for hepatocellular
carcinoma sized 40 mm in diameter in S4. The Child-Pugh score before the
treatment was 7 and the score rose with 13 when 12 mo after the treatment.
After he died of liver failure. A: Dynamic computed tomography (CT) scan in
arterial phase before the treatment showed a hypervascular lesion in S4 (arrow);
B: The lesion was showed as a hypovasclular lesion on dynamic CT scan in
arterial phase 12 mo after the treatment (arrow), but dynamic CT scan showed
liver atrophy and massive ascites.

80%-95% complete tumor necrosis and a 33%-57%
[23,24]
5-year survival rate in patients with small HCC
.
A recent retrospective study found that overall
survival (OS) and disease-free survival with RFA were
significantly better than those with liver resection for
[25]
central HCC ≤ 2 cm in diameter . With advances
in RF systems and techniques, the therapeutic effect
of RFA is now comparable to that of liver resection.
However, even though the tumor diameter and
number of tumors meet the indication, RFA is not
applicable in cases with the tumor in a deep region,
directly under the liver dome, or near a thick blood
vessel or bile duct, or if the tumor cannot be visualized
®
by US including CEUS. CyberKnife may be a good
indication for such cases.
®
CyberKnife for cancers of the trunk was approved
in Japan relatively recently, and the therapeutic effect
and adverse events in application to these cancers,
including HCC, remain unclear. For this reason, we
®
compared the utility of CyberKnife treatment of HCC
with that using RFA in the same period in the same
institutions. The subjects were limited to patients
with an initial solitary HCC. The background factors
in the groups were mostly similar, but there were
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Figure 5 Changes in the Child-Pugh score from before treatment to 12 mo
after treatment. In the CyberKnife® group, the Child-Pugh score at 12 mo after
treatment was significantly higher than that in the radiofrequency ablation (RFA)
group (aP = 0.003) and significantly higher than the score before treatment (cP =
0.034).

significantly more elderly patients and larger tumor
®
diameters in the CK group. Since CyberKnife can
detect and respond to a respiratory fluctuation-induced
slight movement of the target lesion, it may be a good
indication for elderly patients for whom breath-holding
during RFA puncture is difficult. In addition, only a oneday hospital stay is required to place a gold fiducial
marker for the irradiation target, and irradiation is
applied for 3-5 d at an outpatient clinic, which reduces
medical costs and causes less interference with daily
life. Because of this low invasiveness, there has been
®
an increase in elderly patients requesting CyberKnife ,
which may have been reflected in our results. The
tumor diameter was ≤ 3 cm in the RFA group due to
the guidelines for RFA, but a tumor of diameter ≤ 5
®
cm may be included in the indication of CyberKnife .
The local control rate did not differ significantly
between the two groups. Several previous studies
®
have examined CyberKnife for liver tumors, including
liver metastasis and cholangiocellular carcinoma (CCC).
[12]
Bibaut et al found 1- and 2-year local control rates of
®
89.8% in a study on CyberKnife applied to 96 nodes
[13]
[26]
in 75 HCC patients; and Janoray et al , Choi et al ,
[27]
and Cardenes et al
reported 1-year local control
rates of 84% in 21 HCC patients, 71.9% in 32 HCC
patients, and 100% in 25 HCC patients, respectively.
[28]
In contrast, Yoon et al
found 1- and 3-year local
control rates of 94.8% and 92.1%, respectively, in 103
HCC nodes treated with conventional SBRT, indicating
®
that the outcome of CyberKnife is almost equivalent
to conventional SBRT. The 1-year local control rate was
97.1% in the CK group in the current study.
The tumor diameter exceeded 30 mm (33 and
46 mm) in 2 of the 3 cases with local recurrence in
the CK group, and the total doses were 39 and 36
Gy, respectively, which were lower than those in the
other patients. It has occasionally been reported
that there is no correlation between development of
local recurrence and total dose in use of conventional
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®

[13]

SBRT . Using CyberKnife , Janoray et al
found
a 1-year local control rate of 100% in cases treated
[11]
with a total dose of 60 Gy, and Dewas et al
showed
that the local control rate was significantly higher in
cases with a total dose of 45 Gy compared to < 45
Gy in 99 patients with liver metastasis, 48 with HCC,
and 6 with CCC. The reasons for the differences in the
association of local recurrence with total dose between
®
conventional SBRT and CyberKnife are unclear, but it
cannot be ruled out that total dose is related to local
®
recurrence after CyberKnife treatment.
Large tumors, such as those with a diameter of ≥
30 mm or volume ≥ 32 mL, are significantly more
likely to show local recurrence after conventional
[28,30]
SBRT
. In this study, the tumor diameter was >30
mm in two cases with local recurrence in the CK group,
which suggests that the diameter is also an important
®
factor in local control in treatment with CyberKnife .
®
Currently, CyberKnife is indicated for tumors with
a diameter ≥ 30 mm at our hospital and related
institutions, but it is uncertain if this tumor diameter
cut-off is appropriate. Moreover, local recurrence was
also noted in a case with a tumor diameter of 18 mm.
Not only the tumor diameter but also the degree of
[31]
differentiation of HCC, tumor marker
and serum
[32]
ferritin
may be involved in local control, and this
also applies to RFA. It will be necessary to investigate
®
many cases to establish the indication for CyberKnife
treatment, including the tumor diameter and degree of
differentiation.
There was no significant difference in the intrahepatic
distant recurrence control rate between the RFA
[12]
and CK groups. Bibaut et al
found an incidence of
intrahepatic distant recurrence of 24% (18/75 cases)
over a median observation periods of 10 mo (30-49
mo). Our study had a similar incidence of 20% (7/35
cases) over a median observation periods of 379
d. There was no significant correlation between the
tumor diameter and intrahepatic distant recurrence
in the RFA group, but the incidence was significantly
higher in cases with a large tumor treated with low
total dose in the CK group. Risk factors for intrahepatic
distant recurrence after treatment of HCC with SBRT
have not been examined in detail, but it is well known
that intrahepatic metastasis undetectable by imaging
can be present in large HCC. Thus, there is a general
risk of intrahepatic distant recurrence in cases of HCC
with a large tumor diameter, and the required total
®
dose should be fully investigated before CyberKnife
treatment.
The observation period was short, but there was
no significant difference in OS between the RFA and
CK groups. The Japanese Nationwide Survey reported
3-year OS rates of HCC patients treated with RFA
of 82%-88% and 66%-82% in patients with tumor
[33]
diameters of ≤ 20 mm and 21-50 mm, respectively .
The 1- and 2-year OS rates were 78.5% and 50.4%,
[12]
[13]
respectively, in Bibaut et al , and Janoray et al
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found a 1-year OS of 89% in 56 patients with liver
tumors, including liver metastasis. These results show
®
that CyberKnife achieved OS equivalent to that
in other standard local treatment for liver tumors,
including HCC. The 1-year OS rate was 95.2% in our
study, which is more favorable than those in previous
reports. This may have been due to limiting the
subjects to those with an initial solitary tumor.
There were two liver disease-related fatal cases
in the CK group. Both patients had grade 3 or more
severe late adverse events (CTCAE ver.4.0) and the
Child-Pugh score increased at 12 mo after treatment
compared to that before treatment. In previous
reports, grade 3 or more severe hepatotoxicity
occurred at rates of 0-25.8% within 3 mo after
[28]
[29]
conventional SBRT , and Sanuki et al
found a
rate of grade 3 or more severe early adverse events
[12]
of 13% after SBRT. In contrast, Bibaut et al
found
grade 1-2 adverse events, such as hepatic pain,
nausea, and asthenia, in 15%-17% of cases after
®
CyberKnife treatment, but no radiation-induced liver
[34]
disease (RILD)
in any patient. In our study, grade
1-2 nausea and malaise occurred in several patients,
but the incidences of grade 3 or more severe early
and late adverse events were lower than those after
conventional SBRT.
[27,35]
In previous studies of SBRT for HCC
, the
total dose was significantly correlated with adverse
events. The incidence of hepatotoxicity was high
in cases with Child-Pugh classification B, and liver
cirrhosis progressed with repeated SBRT. Compared
to conventional SBRT, the beam direction can be
freely set because it can be moved using a robot
arm, and the number of beams and the total dose
®
centrality are high with CyberKnife , which may
reduce adverse effects. However, RILD may develop
®
following CyberKnife treatment, and the Child-Pugh
classification changed from A to B in 16.1% of 31 HCC
[26]
patients . In our study, the Child-Pugh score was
significantly higher at 12 mo after treatment in the
CK group compared to the RFA group, and in the CK
group death occurred in two cases in which the ChildPugh score was significantly higher than that before
treatment. The incidence of serious complications
®
induced by CyberKnife may be lower than with
conventional SBRT, but such complications may affect
the outcome. Thus, the hepatic functional reserve
®
should be fully evaluated before CyberKnife treatment
and adverse events should be carefully monitored, as
for conventional SBRT.
The limitations of this study include the small
number of cases, the different criteria in the both
groups, the heterogeneous in two aspects that
precisely have an impact in both the relapse and
the survival, the short observation period, and the
retrospective design. The ideal design for compari
son between different techniques is a randomized
controlled trial or at least a propensity score analysis.
Moreover, less than 2 years of follow up are even less
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reliable with regard to survival, local and intrahepatic
distant recurrence control rate. However, the results
®
suggest that the therapeutic effect of CyberKnife for
HCC was equivalent to that of RFA as a pilot study.
In some cases, RFA is difficult because of the tumor
location, and liver resection and the breath-holding
during RFA puncture may be a risk in elderly patients
with HCC, the number of whom is likely to increase.
Including the cost of hospitalization, the costs of RFA
®
and CyberKnife were 380000 and 630000 yen,
®
respectively and the cost performance of CyberKnife
is higher in approximately 2 times than RFA treatment
®
in Japan. However, CyberKnife is a low-invasive
procedure that is synchronous with respiration and
requires no breath holding. Based on the hepatic
functional reserve, this procedure may be a good
indication for cases with difficulty with RFA.
In conclution, there were many elderly patients
and large tumors in the CK group, but the therapeutic
outcome was equivalent to that in the RFA group.
Tumors with a diameter of ≤ 30 mm are a good
®
indication for CyberKnife . Relatively favorable
outcomes were achieved in cases with a tumor
diameter of 30-50 mm, but a further investigation
is needed before these can be included in the
indication, in consideration of the patient background.
The occurrence of adverse events is a concern,
®
but CyberKnife treatment is likely to become an
important option for local treatment of early HCC.

COMMENTS
COMMENTS
Background

Radiofrequency ablation (RFA) for hepatocellular carcinoma (HCC) is
performed at many institutions because it can coagulate a wide area in one
session, and local control is high. Recently, CyberKnife® became the adaptation
in the cancer of the trunk, including HCC. Tumors in the trunk move with
respiration, but CyberKnife® detects minute body movements and fine-tunes
the irradiation angle using a seeker. Therefore, this approach has potential as a
novel local treatment for HCC due to its low invasiveness and reduced burden
on the patient.

Research frontiers

The authors compared therapeutic outcomes and adverse events in patients
with initial solitary HCC treated with RFA or CyberKnife®, and retrospectively
investigated the efficacy of CyberKnife® for HCC treatment. In this study, there
were many elderly patients and large tumors in the CyberKnife® group, but the
therapeutic outcome was equivalent to that in the RFA group.

Innovations and breakthroughs

CyberKnife® detects minute body movements and fine-tunes the irradiation
angle using a seeker. Therefore, this approach has potential as a novel local
treatment for HCC due to its low invasiveness and reduced burden on the
patient.

Applications

The occurrence of adverse events is a concern, but CyberKnife® treatment is
likely to become an important option for local treatment of early HCC.

Terminology

CyberKnife® stereotactic body radiotherapy is image-guided robotic radio
surgery using a radiation delivery platform that can detect and correct for
intrafraction tumor motion, as well as adapt to the patient’s breathing pattern by
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moving the linear accelerator in concert.
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directly comparing RFA and CyberKnife® for HCC are lacking.
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Abstract

Institutional review board statement: This study was approved
by the Institutional Review Board of the Kyoto Prefectural
University of Medicine.

AIM: To investigate the effect of preoperative
chemotherapy (pre-CTx) for metastatic lymph nodes
(MLNs) of gastric cancer (GC).

Informed consent statement: Written consents were obtained
from all study participants, or their legal guardian, in their first
medical examination.

METHODS: A retrospective cohort of patients with
advanced GC, who underwent pre-CTx followed by
gastrectomy, was reviewed. The histological tumor
regression grade (TRG), which considered the
percentage of residual cancer in the visible tumor
bed, was applied to primary tumors and individual
MLNs: G1a (complete response), G1b (< 10%), G2
(10%-50%) and G3 (> 50%). The clinical response to
pre-CTx was retrospectively evaluated using only MLNs
information, and we compared the histological and
clinical evaluations of MLNs.

Conflict-of-interest statement: We received no funding and
grant support concerning this study.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
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RESULTS: Twenty-eight patients were enrolled. A
total of 438 MLNs were retrieved, and 22 (5%), 48
(11%), 63 (14%) and 305 (70%) LNs were assigned
as G1a, G1b, G2 and G3, respectively. Stratification of
the residual MLNs based on the TRGs was as follows:
28 G1b MLNs (9%), 48 G2 MLNs (15%), and 253 G3
MLNs (76%) in the D1 region; 20 (23%), 15 (17%),
and 52 (60%) in the D2 region, respectively. However,
no significant correlation was found between TRGs in
MLNs and clinical response in the subgroup for which
evaluation of clinical response was available.
CONCLUSION: Pre-CTx does not provide any outstan
ding histological benefit for MLNs, and an appropriate
D2 lymphadenectomy should routinely be performed to
offer the chance of curative resection.
Key words: Preoperative chemotherapy; Gastric cancer;
Metastatic lymph node; Histological regression grade;
Lymphadenectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Preoperative chemotherapy for gastric cancer
does not provide any outstanding histological regression
for regional metastatic lymph nodes, and residual
metastatic lymph nodes were located irrespective
of D1 and D2 region. In addition, no significant
correlation was found between the clinical response of
metastatic lymph nodes based on RECIST classification
and histological response grading. Consequently, an
appropriate D2 lymphadenectomy should routinely
be performed in order to offer the chance of curative
resection of advanced gastric cancer treated with
preoperative chemotherapy.
Kinoshita O, Ichikawa D, Ichijo Y, Komatsu S, Okamoto K,
Kishimoto M, Yanagisawa A, Otsuji E. Histological evaluation
for chemotherapeutic responses of metastatic lymph nodes in
gastric cancer. World J Gastroenterol 2015; 21(48): 13500-13506
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i48/13500.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i48.13500

INTRODUCTION
Gastric cancer (GC) is one of most diagnosed cancers
worldwide, and it is estimated to be the third most
[1]
frequent cause of cancer-related deaths . New
incidences of GC have decreased worldwide during
recent decades, but the cause-specific mortality remains
[2]
considerable, even after surgery . Several randomized
trials in Western countries have demonstrated that
preoperative chemotherapy (pre-CTx) markedly
improves the survival rates of patients with resectable
[3-5]
GC ; these results have led to an increasing use of
pre-CTx in clinical practice around the world, including

WJG|www.wjgnet.com

[6-8]

Asian countries .
The surgeon’s main purposes in using pre-CTx
as an intervention for advanced GC patients are an
increased rate of tumor resectability and tumoricidal
[9]
effects on possible lymph node metastasis . Some
retrospective studies have suggested that pre-CTx
would improve rates of radical resection in locally
[10]
advanced GC patients ; however, there is no detailed
previous report concerning the effects of pre-CTx on
lymph node metastasis in GC patients. In a meta[11]
analysis of randomized controlled trials, Xu et al
reported that N0 status was more frequently achieved
in GC patients treated with pre-CTx than those treated
with surgery alone. This finding demonstrates the
possible effectiveness of pre-CTx on micrometastasis.
These findings prompted us to examine the effects
of pre-CTx on the metastatic lymph nodes (MLNs) of
GC patients. In the present study, we retrospectively
examined the histological response to pre-CTx in
primary tumors and the MLNs of advanced GC. We
also compared the findings with clinical evaluations
in order to determine whether limited lymph node
dissection is possible for GC patients treated with preCTx.

MATERIALS AND METHODS
Patients

Of the patients with gastric cancer treated at Kyoto
Prefectural University of Medicine between January
2001 and January 2013, those who had undergone
pre-CTx followed by gastrectomy were enrolled in the
retrospective study. All the pre-CTx protocols included
the anticancer drug S-1 (TS-1, Taiho Pharmaceutical,
Tokyo, Japan), an orally active combination of tegafur,
gimeracil, and oteracil potassium, which were accepted
[12]
2
as S-1 alone (80 mg/m orally every 28 d), S-1 plus
[13]
2
cisplatin (S-1: 80 mg/m orally every 21 d; cisplatin:
2
60 mg/m intravenously on days 8 and 15), or S-1 plus
[14]
2
docetaxel
(S-1: 80 mg/m every 21 d; docetaxel:
2
60 mg/m intravenously on days 1, 6, and 15) were
administered in two to four identical courses, and
open distal or total gastrectomy with Japanese-style
[15]
D2 lymphadenectomy
was performed afterward.
Written informed consent was obtained from all of the
patients prior to the initiation of this study.
In general, patients underwent a double-contrast
barium examination, endoscopy, and multidetector-row
computed tomography (MDCT). They were diagnosed
preoperatively based on their results in our hospital.
Staging laparoscopy was performed to determine
whether peritoneal dissemination was present prior to
pre-CTx, although this procedure was not mandatory
in this study.

Evaluation of clinical response for MLNs

Based on the new Response Evaluation Criteria in
[16]
Solid Tumors (RECIST) guidelines , the clinical
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Figure 1 Representative slides of tumor regression grades in metastatic lymph nodes from the same primary tumor. A: G1b, slight residual cancer foci (arrows)
are found in tumor bed; B: G3, residual cancer occupy > 50% of tumor bed. The scale bar indicates 2 mm.

response to pre-CTx was retrospectively evaluated
by using only MLNs information according to the
[17]
method reported by Schwartz et al . In brief, a cinemode display of contrast-enhanced MDCT images,
which was performed two to four weeks after the
completion of pre-CTx, was mainly used. The regional
LNs were considered to show metastatic involvement
if their longest diameter was ≥ 15 mm, which is
according to the RECIST guidelines. An experienced
radiologist (Ichijo Y) who was blind to the patients’
outcome reviewed the images and selected one or
two of the most reproducible target MLNs per patient.
Consequently, the MLNs were graded as “complete
response” (CR), “partial response” (PR), “stable
disease” (SD), and “progressive disease” (PD).

Histological evaluation

Immediately after resection, all the regional LNs were
manually retrieved from the resected specimens.
[15]
Following Japanese guidelines , the primary tumors
were cut crosswise through the center of the tumor,
and the retrieved LNs were cut longitudinally through
the hilus. All slides were stained with hematoxylin
and eosin in the routine fashion for use in histological
evaluation.
The histological tumor regression grade (TRG)
was evaluated using the grading system proposed
[18,19]
by Becker et al
: G1a (complete response);
G1b (< 10% residual tumor per tumor bed); G2
(10%-50% residual tumor per tumor bed); and G3
(> 50% residual tumor per tumor bed). We applied
this grading system to the primary tumors and each
individual’s MLNs, comparing the patients’ outcomes.
Representative slides for TRG in the MLNs are shown in
Figure 1. A pathologist specializing in gastrointestinal
disorders (Kishimoto M and Yanagisawa A) who was
blind to the patients’ outcome reviewed the histology
of all the slides.

Statistical analysis

All the analyses were implemented using the R
statistical software program (The R Foundation for
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Statistical Computing, Vienna, Austria). The differences
2
between the groups were analyzed using a χ test.
Differences were considered to be statistically significant
at the p < 0.05 level.

RESULTS
Clinical evaluation and effects in primary tumors

A total of 28 patients were enrolled in the study.
Based on the TNM classification from the Union for
International Cancer Control, 15 patients (54%) were
clinically diagnosed as Stage Ⅲ ; 13 (46%) were
diagnosed as Stage Ⅳ. Of the 28 patients, 27 received
a postoperative chemotherapy regimen including S-1.
As for TRGs in primary tumors, two cases (7%) were
graded as G1b, six (21%) as G2, and 20 (71%) as G3.
However, no cases were found with a complete tumor
regression (G1a).
Evaluation for clinical response to pre-CTx was
performed based on MLN findings in 11 patients (43%),
whose pre- and post-therapeutic MDCT images were
both available. Of these, two cases were graded as
CR, four cases as PR, and two cases as SD, while no
applicable target MLNs were found in three cases. The
details of the other patient characteristics are listed in
Table 1.

MLNs

A total of 1044 regional LNs (mean: 37.3 in each
patient; range: 8-71) were retrieved from the 28
patients. Of those, 438 were diagnosed as positive
for lymph node metastasis; 22 (5%), 48 (11%), 63
(14%), and 305 (70%) LNs were assigned to G1a,
G1b, G2, and G3, respectively. As summarized in Table
2 and Figure 2, the TRGs of the primary tumors were
significantly associated with those of the MLNs (p <
2
0.0001, χ test). As for pathological complete response
LN graded G1a (n = 22), 13 LNs belonged to the perigastric region (D1) and nine LNs belonged to regions
along the named vessels of the celiac axis (D2). On
the other hand, stratification of the residual MLNs
based on the TRGs was as follows: 28 G1b MLNs (9%),
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Table 1 Patients’ characteristics (n = 28) n (%)

Table 2 Comparison of tumor regression grade in primary
tumors n (%)

Variables
Age (yr) [mean ± SD, (range)]
Sex
Male
Female
Tumor location
Upper
Middle
Lower
Histological type
Differentiated
Undifferentiated
Pre-therapeutic staging
cStage Ⅲ
cStage Ⅳ
Clinical response
CR
PR
SD
PD
Post-therapeutic T status
ypT2
ypT3
ypT4
Post-therapeutic N status
ypN0
ypN1
ypN2
ypN3
Post-therapeutic M status
ypM0
ypM1
Post-therapeutic staging
ypStage Ⅱ
ypStage Ⅲ
ypStage Ⅳ
TRG in primary tumors
G1a
G1b
G2
G3
Preoperative chemotherapy
S-1 alone
S-1 plus cisplatin
S-1 plus docetaxel
Operative procedure
Distal gastrectomy
Total gastrectomy
Postoperative chemotherapy
With
Without

Variables

60 ± 10.7, (28-81)
16 (57)
12 (43)

TRG in
MLNs

9 (32)
15 (54)
4 (14)

G1a
G1b
G2
G3

9 (2)
2 (0)
2 (0)
7 (2)

6 (1)
22 (5)
17 (4)
45 (10)

7 (2)
24 (5)
44 (10)
253 (60)

< 0.0001

TRG: Tumor regression grade; MLNs: Metastatic lymph nodes.

10 (36)
18 (64)

Table 3 Correlation between clinical response and histological
evaluation n (%)

15 (54)
13 (46)

Variables
0 (0)
10 (36)
16 (57)
2 (7)

Clinical response
CR (n = 2) PR (n = 4) SD (n = 2) No applicable
target LNs
(n = 3)

TRG in
MLNs

1 (4)
11 (39)
16 (57)

G1a
G1b
G2
G3

1 (0)
0 (0)
2 (1)
15 (7)

4 (2)
23 (10)
20 (9)
79 (35)

1 (0)
0 (0)
6 (3)
51 (23)

0 (0)
0 (0)
0 (0)
24 (11)

CR: Complete response; PR: Partial response; SD: Stable disease; TRG:
Tumor regression grade; MLNs: Metastatic lymph nodes.

1 (4)
1 (4)
4 (14)
22 (79)

1.0
9 (32)
19 (68)

n = 20

n = 90

n = 368

0.8

2 (7)
7 (25)
19 (68)

TRG in MLNs
G3
G2
G1b
G1a

0.6
0.4

0 (0)
2 (7)
6 (21)
20 (71)

0.2
0.0
G1b

5 (18)
16 (57)
7 (25)

G2
G3
TRG in primary tumors

Figure 2 Breakdown of tumor regression grades in metastatic lymph
nodes according to that in primary tumors. TRG: Tumor regression grade;
MLNs: Metastatic lymph nodes.

7 (25)
21 (68)
27 (96)
1 (4)

RECIST classification; however, there was no significant
correlation between the clinical and histological response.

CR: Complete response; PR: Partial response; SD: Stable disease; PD:
progressive disease.

DISCUSSION

48 G2 MLNs (15%), and 253 G3 MLNs (76%) in the
D1 region; 20 (23%), 15 (17%), and 52 (60%) in the
D2 region, respectively.
In the subgroup of 11 cases for which MDCT
images were available, a total of 436 regional LNs
were retrieved. Of these, 226 MLNs were available for
histological evaluation; 6 (3%), 23 (10%), 28 (12%),
and 169 (76%) LNs were assigned to G1a, G1b, G2,
and G3, respectively. Table 3 shows a breakdown of
TRG in MLNs according to clinical response based on

WJG|www.wjgnet.com

P value

TRG in primary tumors
G1b (n = 2) G2 (n = 6) G3 (n = 20)

In Asian countries, gastrectomy with D2 lymph node
dissection has been generally regarded as the standard
[15]
treatment for achieving a radical cure . Recently,
the D2 lymphadenectomy is increasingly recognized
to be associated with lower locoregional recurrence
and gastric cancer-related death rates than D1 lym
phadenectomy in Western countries; therefore, it is
the recommended surgical approach for patients with
[20]
resectable gastric cancer . On the other hand, preCTx has also been recognized as effective for latent
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[21]

lymph node micrometastasis . However, there is no
detailed previous report concerning the effects of preCTx on MLNs in GC patients, and there is no consensus
as to whether limited lymph node dissection is possible
for GC patients treated by pre-CTx.
This study investigated histological effects in
each individual’s MLNs in 28 patients with advanced
GC who were treated with pre-CTx, and to the best
of our knowledge, this is the first report to address
this issue. One of the most important findings in this
study underlined that even MLNs clinically exhibiting
favorable pre-CTx response showed an unsatisfactory
[22]
histological response in practice. Kurokawa et al
also compared clinical and histological responses of
GC to treatment with pre-CTx, focusing particularly
on survival rates, and concluded that histological
criteria showed higher response assessment validity
than RECIST criteria and yielded the best surrogate
endpoint for overall survival. Our results showed
that histologically proven residual MLNs were located
irrespective of D1 and D2 region. The residual tumor
also existed in MLNs regardless of the degree of
clinical response based on RECIST. Only 1 of 18
MLNs (5%) graded as clinically CR could achieve
complete tumor regression (G1a,) and most MLNs
had limited response. Taken together, appropriate D2
lymphadenectomy should be routinely performed in
advanced GC patients who become candidates for
curable surgical treatment by pre-CTx irrespective
of the clinical response, as suggested by previous
[23]
reports . Some authors proposed that the clinical
evaluation using MLNs information of GC patients
treated with pre-CTx contributed to improving the
[7]
complete resection rate by D2 lymphadenectomy .
[24]
However, Hayashi et al
called attention to the fact
that D2 lymphadenectomy for GC patients, who had
lower creatinine clearance treated with pre-CTx,
caused greater surgical complications.
Another interesting finding of this study was that
pre-CTx response in MLNs was, to some extent,
correlated to the response in the primary tumors.
We made an unwarranted assumption that the preCTx response in regional MLNs would parallel that of
primary tumors; however, there is limited histological
data supporting this correlation. The extent to which
MLNs would histologically benefit from pre-CTx is
unclear. Our present study revealed that 45% of the
MLNs had a limited response (G2 or G3), even with
G1b primary tumors, and that only 5% of the total
MLNs achieved complete tumor regression (G1a).
Similar findings were previously described by Mandard
[25]
et al
for esophageal cancer treated with pre-CTx.
Some previously published circumstantial evidence has
also revealed that the interaction of the tumor cell with
the organ environment creates differences between
the primary tumors and their metastatic lesions in
terms of their histology as well as their gene or protein
[26,27]
expression
. Taken together, these findings suggest
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that pre-CTx may have no outstanding benefit for
regional MLNs, even when the primary could achieve
a considerable therapeutic effect. However, cumulative
[3-8]
evidence
showed that some patients benefited
from pre-CTx, in this context, with more effective preCTx regimens. Patient selection might be required for
further effect.
Our study had several limitations, the first of which
is its small sample size: the total number of patients
was 28, and the final number of cases available for
clinical evaluation was only 11. Further investigations
using larger sample sizes would therefore be needed to
confirm our findings. Second is that this study cohort
included many advanced cases and limited information
concerning patients in earlier stages of GC. Staging
laparoscopy was not mandatory for patients suspected
to have peritoneal dissemination during this period,
and subsequently, this study cohort included many
advanced cases of GC. The advanced stage of cancer
progression and the large amount of tumor potentially
influence the therapeutic effects of pre-CTx on MLNs in
this study.
In summary, pre-CTx for advanced GC does
not provide any outstanding histological regression
for regional MLNs, and residual MLNs were located
irrespective of D1 and D2 region. Further, little
correlation was found between TRGs in MLNs and
their clinical evaluation. Consequently, an appropriate
D2 lymphadenectomy should always be performed
in order to offer the chance of curative resection of
advanced GC treated with pre-CTx. However, this
study was based on a small number of patients with
advanced GC, and limited data was given concerning
patients in earlier stages of GC. Thus, a well-selected
larger cohort study would be required to confirm our
findings.
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Applications

Pre-CTx for advanced GC does not provide promising histological regression
for regional MLNs; consequently, an appropriate D2 lymphadenectomy
should always be performed in order to offer the chance of curative resection.
However, this study was based on a small number of patients with advanced
GC, and limited data concerning patients in earlier stages of GC was available.
A well-selected larger cohort study is necessary to confirm our findings.
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Abstract
AIM: To evaluate the implementation of a clinical
pathway and identify clinical factors affecting the
clinical pathway for laparoscopic gastrectomy.
METHODS: A standardized clinical pathway for
gastric cancer (GC) patients was developed in 2001
by the GC surgery team at the Asan Medical Center.
We reviewed the collected data of 4800 consecutive
patients treated using the clinical pathway following
laparoscopic gastrectomy with lymph node dissection
for GC involving intracorporeal and extracorporeal
anastomosis. The patients were treated between
August 2004 and October 2013 in a single institution.
To evaluate the rate of completion and risk factors
affecting dropout from the clinical pathway, we used a
multivariate logistic regression analysis.
RESULTS: The overall completion rate of the clinical
pathway for laparoscopic gastrectomy was 84.1%
(n = 4038). In the comparison between groups
of intracorporeal anastomosis and extracorporeal
anastomosis patients, the completion rates were
83.88% (n = 1740) and 84.36% (n = 2071),
respectively, showing no statistically significant
difference. The main reasons for dropping out were
postoperative complications (n = 463, 9.7%) and the
need for patient observation (n = 299, 6.2%). Among
the discharged patients treated using the clinical
pathway, the number of patients who were readmitted
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within 30 d due to postoperative complications was 54
(1.1%). In a multivariate analysis, the intraoperative
events (OR = 2.558) were the most predictable
risk factors for dropping out of the clinical pathway.
Additionally, being male (OR = 1.459), advanced
age (OR = 1.727), total gastrectomy (OR = 2.444),
combined operation (OR = 1.731), and ASA score (OR
= 1.889) were significant risk factors affecting the
dropout rate from the clinical pathway.
CONCLUSION: Laparoscopic gastrectomy appears
to be a good indication for the application of a clinical
pathway. For successful application, patients with risk
factors should be managed carefully.
Key words: Clinical pathway; Laparoscopic gastrectomy;
Gastric cancer; Extracorporeal anastomosis; Intracorporeal
anastomosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopic gastrectomy has been proven
to enhance postoperative recovery compared to
open gastrectomy for gastric cancer (GC) patients.
Therefore, laparoscopic gastrectomy is thought to be a
suitable procedure for a clinical pathway. In this study,
we retrospectively analyzed the outcomes of a clinical
pathway application for laparoscopic gastrectomy
and tried to investigate the clinical factors that may
influence a clinical pathway in a high-volume center.
Laparoscopic gastrectomy for GC appears to be a
good indicator for the application of a clinical pathway.
For successful application, patients with risk factors
(male, advanced age, total gastrectomy, combined
operation, intraoperative events, American Society of
Anesthesiologists score) should be managed carefully.

[5-7]

world
. The proportion of early gastric cancers
(EGCs) has increased to over 50% in South Korea
and Japan as a result of early detection through mass
[8,9]
screening . GC detected at an early stage can be
cured by surgical treatment, and the subsequent
[10]
prognosis is excellent . However, CP has rarely been
suggested for conventional open gastrectomy (OG) in
GC patients due to the complexity of the procedure,
which involves postoperative hemodynamic changes,
compared with the procedures for patients with benign
[11,12]
diseases
. Recently, laparoscopic gastrectomy
(LG) has been established as an alternative modality
for the treatment of EGC patients, and it has better
surgical outcomes. LG causes less postoperative pain,
enhances postoperative recovery, reduces the length
of hospital stay, and increases post-operative quality
[13-16]
of life compared to open surgery
. It seems that
LG improves outcomes because the less-invasive
procedure decreases surgical trauma. It has been
proposed that minimally invasive surgery might be
[1,12,17]
a good candidate for a CP
. Therefore, LG may
be suitable for the use of a CP that provides a timebased schedule for patients. Despite the usefulness of
CPs in surgical settings, the use of a CP for LG for GC
has not been adequately investigated. LG has become
a primary minimally invasive operation for GC in the
Asan Medical Center, especially for EGC patients. Since
2004, our institute has used a CP for large numbers of
GC patients undergoing LG performed by experienced
surgeons.
In this study, we retrospectively analyzed the
outcomes of the CP for LG and investigated the clinical
factors that influence the dropout rate from the CP.

MATERIALS AND METHODS
Patients and methods

Kim HS, Kim SO, Kim BS. use of a clinical pathway
in laparoscopic gastrectomy for gastric cancer. World J
Gastroenterol 2015; 21(48): 13507-13517 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i48/13507.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i48.13507

INTRODUCTION
A clinical pathway (CP) is a comprehensive, systematized
plan that details the essential steps in patient care in
a given process, including any time-dependent clinical
[1,2]
decisions . The purpose of the CP is to minimize the
hospital stay and to provide resources to achieve the
[3]
best results and increase postoperative quality of life .
Therefore, CPs for multidisciplinary processes have
been used to provide a coordinated program after
[4]
various surgical procedures .
Gastric cancer (GC) is the most prevalent malig
nancy in South Korea and remains the second most
common cause of cancer-related deaths in the
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A standardized CP for GC patients was developed in
2001 by a committee consisting of gastric surgeons,
nurses, nutritionists, and members of the clinical
support services in the Asan Medical Center. In 2004,
we started LG in our gastric division, and a revised
version of the CP was created for patients who
underwent LG.
We reviewed the collected data of 4800 consecutive
patients treated by the CP following LG for GC
involving both extracorporeal and intracorporeal
anastomoses at the Asan Medical Center between
August 2004 and October 2013. Preoperative clinical
staging was based on the depth of invasion using
esophagogastroduodenoscopy and endoscopic
ultrasound (EUS) and on nodal status by computed
tomography (CT) scan. The absolute indications for LG
were EGC, cT1N0-1, and serosa-negative cases without
distant lymph node metastasis, while cT2-3N1-2 was
a relative indication in our division according to the
preoperative clinical staging. The contraindication
was serosa-positive (cT4) advanced GC (AGC) or
AGC with cN3 at preoperative evaluation for LG. All
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patients underwent a standardized laparoscopic radical
gastrectomy with D1 + β or D2 lymph node dissection
according to the Japanese classification of gastric
[18]
carcinoma . Nine experienced gastric surgeons
participated, all of whom had performed more than
150 conventional OGs and over 50 LGs for GC. Patients
undergoing emergency surgery or palliative surgery
or having concomitant malignancies and neo-adjuvant
chemotherapy were excluded from application of the
CP.
The contents of the CP for LG are composed of
three components for preoperative, perioperative and
postoperative care, which are listed in Table 1.

Summary of the clinical pathway

All preoperative examinations were performed on an
outpatient basis, and the patients were admitted one
day before the operation. Patients and their families
were given preoperative information and education
regarding the schedule of the CP by members of
our stomach surgery team. Information consisted of
the following categories: nursing care, activity, diet,
treatment procedures, medication, laboratory tests,
and education. In most cases, no nasogastric tube
was used before surgery. Patients were permitted sips
of water 24 h after surgery. Laboratory examinations
were performed on postoperative days 1, 3 and 5.
A liquid diet (LD) was given three days after surgery
regardless of passing flatus, and a soft diet (SD)
was given after passing flatus. If there was no issue
with the SD, the patient’s intra-abdominal drain was
removed. Patients were well educated about diet, and
nutrition information was provided by a nutritionist and
a clinical nurse specialist. After consuming a SD three
times and showing no postoperative complications,
th
th
patients were discharged on the 5 or 6 postoperative
day. Information about the postoperative follow-up
schedule was given in the outpatient clinic before
discharge.

Surgical procedure

Extracorporeal anastomosis: After dissection of all
the lymph nodes, a 6-9 cm mini-laparotomy incision
was made in the epigastric area in the form of midline
incision, and a wound protector was applied. All
anastomoses were performed in the same way as in
conventional OG.
Intracorporeal anastomosis: After dissection of all
of the lymph nodes, the stomach was resected into
the abdominal cavity using endoscopic linear staplers
and then removed through the umbilical port site by
extending the incision by 2-3 cm. For reconstruction
of the intracorporeal anastomosis, a double staple was
inserted with a linear stapler. For a distal gastrectomy,
a gastroduodenostomy was performed via a deltashaped anastomosis, and a gastrojejunostomy was
mainly performed via antecolic Roux-En-Y type
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anastomoses. For a total gastrectomy, functional-type
[19-22]
esophagojejunostomies were mainly performed
.

Criteria for completion of the CP

The CP was considered to be completed if the patient
was discharged within 8 d after surgery without any
complications, and the patients were divided into
two categories. In the first category, the patient
was discharged 5 to 6 d after surgery without any
complications (planned), and in the second category,
the patient voluntarily decided to stay longer for
personal reasons and was discharged 7 to 8 d after
surgery (wanted). A patient was considered to
have dropped out of the CP if the surgeon decided
to change the schedule because of a patient’s
postoperative condition or complication. Early postoperative complications occurred within 30 d after
surgery and were classified according to the Clavien[23]
Dindo classification system . Readmission within
30 d after discharge was included in the category of
complications because all readmissions were due to
complications. The following clinical features were
analyzed: patient characteristics and data from
hospital records [sex, age, body mass index (BMI),
American Society of Anesthesiologists (ASA) score,
history of previous abdominal operations, and TNM
stage]; operative methods (method of anastomosis,
percent of the resection); and postoperative outcomes
(early postoperative complications, postoperative
hospital stay). The study was reviewed and approved
by the Ethics Committee of the Asan Medical Center,
Ulsan University, Seoul, South Korea.

Statistical analysis

Statistical analysis was performed by the Statistical
Package for Social Sciences (SPSS) version 21.0 J
for Windows (SPSS, Inc., Chicago, IL, United States).
Patient characteristics were expressed as number
and percent (%) for categorical variables, and mean
± SD for continuous variables. Chi-square tests
were used to compare the anastomosis groups, and
binary logistic regression was used to evaluate risk
factors for dropping out of the CP. Multiple regressions
were constructed by backward elimination, and the
anastomosis groups were further adjusted in the final
model. All tests were two sided, and a P value of less
than 0.05 was considered statistically significant.

RESULTS
Patient characteristics are listed in Table 2. Of a
total of 4800 patients, 2920 (60.8%) were men and
1880 (39.2%) were women. The mean age was
56.7 ± 11.7 years and the mean BMI was 23.71 ±
3.0. Intracorporeal and extracorporeal anastomoses
were performed in 2345 patients (48.9%) and 2455
patients (51.1%), respectively. Distal gastrectomy
was performed in 4218 (87.9%) patients, and total
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Usual diet at breakfast
NPO after breakfast
Information on CP
Permission

Check (Surgeon/
anesthesiologist):
Preoperative study
Written consent
Protocol for OP preparation
Usual
Skin preparation
No Levin tube
Breathing exercises use of IS
Bowel preparation: Magcorol
solution, 250 mL: Dulcolax
supplement, 2 sup

Admission to room: (1-3 pm)
Fluid balance
Surveillance V/S
Weight measurement

1 d before OP (Admission)

NPO

Prophylaxis: TE

Bed rest

Room nurse:
Fluid balance,
Check V/S

Pre-OP
(the day of OP)

Information on
leaving OP room

NPO

PCA

Anesthesiologist:
PCA

SOW: post 24 h OP

Pain killer: (IV)
Demerol
NSAIDs
Antiemetics
Laboratory test

Prophylaxis: TE

Pain killer: (IV)
Demerol
NSAIDs
Antiemetics
Laboratory
test
NPO

Room nurse:
Fluid balance
Check V/S,
drainage

POD 2

Pain killer: (IV)
Demerol
NSAIDs
Antiemetics

PCA

Ambulation
Ambulation
Breathing exercises Breathing exercises
: use of IS
: use of IS

Room nurse:
Fluid balance
Check V/S,
drainage

POD 1

Prophylaxis: ATB
Mucolytic agent

Anesthesiologist:
PCA (Fentanyl 3000
mg)

Surgeons: OP

Prophylaxis: ATB

Bed rest
Breathing
exercises
: use of IS

Room nurse:
Fluid balance
Check V/S,
drainage

Post-OP
(the day of OP)

Bed rest
Surgical nurse:
Foley catheter
Insertion

Surgical nurse:
OP preparation

Operation
(the day of OP)

Pain killer: (IV)
Demerol
NSAIDs
Antiemetics
Laboratory
test
LD at breakfast
SD after G/O
Education: diet for patient
and/or relative

Ambulation
Breathing exercises
: use of IS
remove JP

Remove peripheral line
after start of 2nd SD

Room nurse: Fluid balance,
Check V/S, Drainage

POD 3

Education: diet for patient
and/or relative

SD

Pain killer: (Oral)
NSAIDs

Ambulation

Room nurse:
Check V/S

POD 4

Information on
D/C

Laboratory
test
SD

Pain killer:
(Oral)
NSAIDs

Ambulation
Surgeon:
Wound S/O
Evaluation on
D/C criteria

Room nurse:
Check V/S

POD 5 and 6
(D/C)

OP: operation; V/S: vital signs; IS: incentive spirometry; NPO: nil per os; CP: clinical pathway; TE: thromboembolic; ATB: antibiotic; PCA: patients controlled analgesia; IV: intravenous; NSAIDs: nonsteroidal antiinflammatory drugs; POD: postoperative day; SOW: Sips of water; JP: Jackson-Pratt; LD: liquid diet; SD: soft diet; D/C: discharge; S/O: stitch out; G/O: gas out.

Education and
information

Diet

Laboratory test

Medication on
demand

Medication

Activity
Treatment
procedure

Nursing care

Activities date

Table 1 Structure of the clinical pathway for laparoscopic gastrectomy
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Table 2 Demographic data for the enrolled patients n (%)
Variables

Table 3 Events during operation

No. of patients
(total n = 4800)

Sex

Male:Female

Age (yr)
BMI (kg/m2)
Anastomosis method

mean ± SD
mean ± SD
Intra:Extra

Resection

Distal:Total

Combined OP

None:Yes

Event during OP

None:Yes

Number of comorbidities

0:1:2 and more

ASA

1:2:3

Previous Abd. OP history

N:Y

TNM stage

1:2:3

Anastomosis failure (n = 31)
Esophagojejunostomy failure
Gastroduodenostomy failure
Organ injury (n = 30)
Spleen injury
Duodenum
Small bowel injury
Colon injury
Pancreas injury
Liver injury
Vessel injury (n = 12)
Splenic artery injury
Splenic vein injury
Common hepatic artery injury
Proper hepatic artery injury
Emphysema (n = 4)

2920:1880
(60.8:39.2)
56.7 ± 11.7
23.71 ± 3.0
2345:2455
(48.9:51.1)
4218:582
(87.9:12.1)
4531:269
(94.4:5.6)
4723:77
(98.4:1.6)
3196:1137:467
(66.6:23.7:9.7)
3025:1549:226
(63.0:32.3:4.7)
4057:743
(84.5:15.5)
4380:314:106
(91.3:6.5:2.2)

Extra (n = 52)

8
7
1
10
6
0
1
1
1
1
4
2
0
1
1
3

23
9
14
20
10
5
1
2
1
1
8
6
1
1
0
1

Intra: Intracorporeal anastomosis; Extra: Extracorporeal anastomosis.

SD: standard deviation; BMI: Body mass index; Intra: Intracorporeal
anastomosis; Extra: Extracorporeal anastomosis; OP: operation; ASA:
American Society of Anesthesiologists; Abd: Abdominal.

gastrectomy was performed in 583 patients (12.1%).
Additional operations on other organs were performed
in 269 cases (5.6%). The most frequent additional
operation was a laparoscopic cholecystectomy (208
cases); there were also 24 cases of gynecological
surgery, such as laparoscopic salpingo-oophorectomy,
laparoscopic ovarian cysterectomy, laparoscopic
myomectomy, and laparoscopic total hysterectomy.
Other additional operations included laparoscopic
herniorrhaphy, video-assisted thoracoscopic surgery,
laparoscopic distal pancreatectomy, laparoscopic
nephrectomy, laparoscopic appendectomy, laparo
scopic adrenalectomy, and laparoscopic colectomy.
Intraoperative events occurred in a total of 77 cases
(1.6%) (Table 3). Among them, there were 31
intraoperative events during anastomosis, and almost
all of them developed during esophagojejunostomies
after total gastrectomy. Organ injuries occurred in
30 cases during lymph node dissection, mostly due
to spleen injury. Vessel injuries occurred in 12 cases,
and spleen artery injuries mainly occurred during the
dissection of lymph node number 11 or retraction
of the stomach. Seven of the 30 instances of organ
injury involved severe adhesions due to previous
abdominal operations, and these patients had a
history of upper gastrointestinal surgery. Four of the
remaining intraoperative events were subcutaneous
emphysemas. One or more comorbidities were iden
tified in 1604 patients (34.4%), including diabetes
mellitus, hypertension, coronary artery disease, and
asthma. The majority of patients were classified as
ASA grade Ⅰ (3025 patients) or Ⅱ (1549 patients).
A total of 743 patients (15.5%) had histories of
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Intra (n = 25)

previous abdominal surgery. Most were gynecologic
surgery (351 cases) followed by appendectomy
(281 cases) and cholecystectomy (51 cases). The
others were bowel surgery, pancreatectomy, and
incisional herniorraphy. Most of the patients were at
stage Ⅰ according to the American Joint Committee
on Cancer - International Union for Cancer Control
th
[24]
7 edition . There was no case converted to a
laparotomy. However, six cases of intracorporeal
anastomosis were converted to extracorporeal
anastomosis due to intraoperative events, such as
anastomosis failure and bleeding.
Comparisons between the intracorporeal and
extracorporeal anastomosis groups are shown in Table
4. There were no statistically significant differences in
terms of sex, age, combined operations, or history of
previous abdominal operations. However, BMI, extent
of resection, ASA classification system score, and TNM
stage were significantly higher in the intracorporeal
anastomosis group, and the number of intraoperative
events was higher in the extracorporeal anastomosis
group (p < 0.005).
The overall completion rate of the CP was 84.1%;
it was 83.9% in the intracorporeal anastomosis group
and 84.4% in the extracorporeal anastomosis group
(Table 5). Of the 4038 patients who completed the CP,
3781 patients (78.8%) were planned, and 257 (5.3%)
patients were wanted. The main reasons for dropping
out were postoperative complications and need for
additional patient observation. Early postoperative
complications occurred within 30 d of surgery, and
they were classified according to the Clavien-Dindo
[23]
classification system . Complications higher than
grade Ⅰ were considered clinically significant, such as
anastomosis stenosis, leakage, fluid collection, and
bleeding (Table 6). The most common complications
were fluid collection in the intracorporeal anastomosis
group and wound infection in the extracorporeal
anastomosis group. There were two cases of mortality.
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Table 5 Results of the clinical pathway n (%)

Table 4 Clinicopathological characteristics of patients who
underwent total laparoscopic gastrectomy (intracorporeal
anastomosis) and laparoscopic assisted gastrectomy (extra
corporeal anastomosis) n (%)
Variables
Sex
Male
Female
Age (yr)
≤ 65
> 65
BMI (kg/m2)
≤ 25
> 25
Resection
Distal
Total
Combined OP
None
Yes
Event during OP
None
Yes
Number of
comorbidities
0
1
2 and more
ASA
1
2
3
Abd OP history
None
Yes
TNM stage
Ⅰ
Ⅱ
Ⅲ

Intra (n = 2345)

Extra (n = 2455)

1453 (61.96)
892 (38.04)

1467 (59.76)
988 (40.24)

1716 (73.18)
629 (26.82)

1846 (75.19)
609 (24.81)

Results
Complete
Planned
Wanted
Drop
Complication
(readmission)
Observation

P value1
0.118

0.110

1835 (74.75)
620 (25.25)

2018 (86.06)
327 (13.94)

2200 (89.61)
255 (10.39)

2214 (94.41)
131 (5.59)

2317 (94.38)
138 (5.62)

Intra
(n = 2345)

4038 (84.1)
3781 (78.8)
257 (5.3)
762 (15.9)
463 (9.7)
(54) [(1.1)]
299 (6.2)

1967 (83.9)
1740 (74.2)
227 (9.7)
378 (16.1)
230 (9.8)
(29) [(1.2)]
148 (6.3)

1

Extra
P value
(n = 2455)
2071 (84.4)
2041 (83.2)
30 (1.2)
384 (15.6)
233 (9.5)
(25) [(1.0)]
151 (6.1)

0.651

1 2
χ test comparing proportions of dropouts. Intra: Intracorporeal
anastomosis; Extra: Extracorporeal anastomosis.

< 0.001
1490 (63.54)
855 (36.46)

Total
(n = 4800)

< 0.001

Table 6 Reasons for dropping out: Early postoperative
complications n (%)

0.958

0.002
2321 (98.98)
24 (1.02)

Complications
Wound infection
Fluid collection
Anastomosis leakage
Anastomosis stenosis
Luminal bleeding
Extraluminal bleeding
Passage disturbance
Paralytic ileus
Mechanical ileus
Medical problem
Internal herniation
Others

2402 (97.84)
53 (2.16)
< 0.001

1477 (62.99)
588 (25.07)
280 (11.94)

1719 (70.02)
549 (22.36)
187 (7.62)

1404 (59.87)
822 (35.05)
119 (5.07)

1621 (66.03)
727 (29.61)
107 (4.36)

1949 (83.11)
396 (16.89)

2108 (85.87)
347 (14.13)

2066 (88.10)
197 (8.40)
82 (3.50)

2314 (94.26)
117 (4.77)
24 (0.98)

< 0.001

0.008

Total
(n = 4800)

Intra
(n = 2345)

Extra
(n = 2455)

463 (9.7)
127 (2.6)
77 (1.6)
57 (1.2)
16 (0.3)
58 (1.2)
19 (0.4)
20 (0.4)
24 (0.5)
7 (0.2)
41 (0.9)
5 (0.1)
12 (0.3)

230 (9.8)
41 (1.7)
49 (2.1)
31 (1.3)
11 (0.5)
25 (1.1)
10 (0.4)
8 (0.3)
13 (0.6)
2 (0.1)
26 (1.1)
5 (0.2)
9 (0.4)

233 (9.5)
86 (3.5)
28 (1.1)
26 (1.1)
5 (0.2)
33 (1.3)
9 (0.4)
12 (0.5)
11(0.5)
5 (0.2)
15 (0.6)
0 (0.0)
3 (0.1)

Intra: Intracorporeal anastomosis; Extra: Extracorporeal anastomosis.

< 0.001

(OR = 1.889) were all risk factors in the multivariate
analysis.

χ 2 test. Intra: Intracorporeal anastomosis; Extra: Extracorporeal
anastomosis; BMI: Body mass index; OP: operation; ASA: American
Society of Anesthesiologists; Abd: Abdominal.

DISCUSSION

One was caused by esophagojejunal leakage in
extracorporeal anastomosis and the other by duodenal
stump leakage in intracorporeal anastomosis. Reasons
for readmissions were intra-abdominal fluid collection
(23 patients), ileus (19 patients), anastomosis stenosis
(5 patients), internal herniation (3 patients), duodenal
stump leakage (2 patients), and wound infection (2
patients). There were eight (14.9%) reoperations
from the readmission cases. Patients who needed
additional observation without definite postoperative
complications were classified as observation cases
(Table 7). The causes of observation were laboratory
test abnormality, underlying disease, turbid drainage,
and need for an upper gastrointestinal (UGI) series for
cases of anastomotic site problems or ileus.
Table 8 shows the result of an analysis of the risk
factors for dropping out of the CP. Male (OR = 1.459),
advanced age (OR = 1.727), total gastrectomy
(OR = 2.444), combined operation (OR = 1.731),
intraoperative event (OR = 2.558), and ASA score

The use of CP for patients undergoing surgical proce
dures can help with postoperative care and reduce
[25,26]
the cost and the length of hospital stays
. Several
researchers have reported that the CP was effective
[4,27,28]
for gastrectomy for stomach cancer
. On the
other hand, some studies have shown relatively low
[11]
[12]
CP completion rates of 19%
and 40.6% . These
reports suggest that the CP is not suitable for patients
undergoing gastrectomy for GC because it is frequently
associated with postoperative hemodynamic changes
that are risk factors for morbidity and mortality.
Advanced age, combined disease, and poor nutrition
are common in GC patients, and these factors may
[4,29]
increase the risk of postoperative complications
.
The long upper abdominal incisions needed for OG can
cause significant postoperative pain and lead to lung
problems, such as atelectasis, because patients do not
[30]
care for their lungs appropriately because of the pain .
Recently, LG has been performed as the standard
treatment for EGC, whereas OG is usually done for AGC.
Severe AGC has a higher possibility of intraoperative

1
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Table 7 Reasons for dropout: Observation cases n (%)
Total
Intra
Extra
(n = 4800) (n = 2345) (n = 2455)
Observation cases
Laboratory test abnormality
Underlying disease
JP turbid
Due to UGI series
Others

299 (6.2)
220 (4.6)
20 (0.4)
5 (0.1)
29 (0.6)
25 (0.5)

148 (6.3)
107 (4.6)
14 (0.6)
4 (0.2)
10 (0.4)
13 (0.5)

151 (6.1)
113 (4.6)
6 (0.2)
2 (0.1)
19 (0.8)
11 (0.4)

Intra: Intracorporeal anastomosis; Extra: Extracorporeal anastomosis; JP:
Jackson-Pratt; UGI: Upper Gastrointestinal.

events and complications due to difficult node dissection
and extended surgery. Some studies have suggested
that the CP is more effective in patients with benign
diseases or those receiving minimally invasive surgery
[12,17]
than in those undergoing conventional OG
. The
most common causes of dropout from the CP were
postoperative complications that needed additional
medical treatment. Postoperative complications, such
as leakage, stricture, and bleeding, occurred more
often in gastrointestinal cancer surgery than in benign
or other types of cancer surgery. In this study, the CP
completion rate was 84.13%, which was higher than
[4,11,12,31]
in other reports
. One of the most important
factors that can influence early surgical outcomes
and CP dropout is the surgeon’s experience. However,
surgeons who participated in this study were highly
experienced gastric surgeons working in a high-volume
center, where more than 2000 gastrectomies for GC are
performed each year.
Many surgeons still advocate the slow and careful
introduction of oral intake after a gastrectomy because
of concerns over the functioning of the remnant
stomach and the risk of disrupting the anastomosis
or of postoperative paralytic ileus. These factors may
make surgeons hesitant to apply the planned dietary
schedule to patients undergoing a gastrectomy.
[32]
Since LG was first described by Kitano et al
in
1994, it has become well established as a minimally
invasive operation for GC. Its benefits include the need
for a small incision, reduced postoperative pain, fewer
postoperative adhesions, earlier recovery of bowel
movement because of reduced trauma compared to
open surgery, and a shorter postoperative hospital
[13-15]
stay
. LG is thought to be suitable for the
application of a CP because it reduces the incidence
of postoperative complications and provides a more
rapid recovery and earlier hospital discharge due
[33-35]
to its low invasiveness
. Recently, LG’s effec
tiveness in enhancing recovery after surgery has been
[15,36,37]
reported
. Furthermore, LG has a predictable
clinical course, which facilitates the use of a CP in GC
[17]
[12]
surgery . Choi et al
reported that the completion
rate of a CP in LG for GC was 76.2%, and the expected
completion rate in selected patients with no risk factors
was 85.4%, which was similar to that of this study.
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These results support the belief that it is possible to
develop and apply a CP for LG in GC patients.
In LG for GC, there are two methods of recon
struction after a gastrectomy. The intracorporeal
anastomosis method is not yet performed as fre
quently as the extracorporeal anastomosis method
because of its greater technical difficulty. Despite
the complexity of intracorporeal anastomosis, our
studies have shown that it is feasible and safe when
[14,19-22,38]
performed by experienced gastric surgeons
.
In the present study, the completion rates of the CP
in both the intracorporeal and the extracorporeal
anastomosis groups were considerably higher than
[39]
those in other reports . Intracorporeal anastomosis
could improve early surgical outcomes because it
can provide a wide operating view with direct sight,
which can make anastomosis safer, and an endoscopic
linear stapler provides greater tensile strength than
[19,20,40]
a circular stapler
. The most common reason
for complications in this study was wound infection
in extracorporeal anastomosis due to an additional
mini-laparotomy. The second most frequent cause
of termination of the CP was the need for additional
patient observation and further laboratory tests or
a UGI series, which led the surgeon to change the
schedule. The laboratory tests were required to identify
abnormalities, such as leukocytosis or aberrant artery
ligation, during the gastrectomy. For patients who
experienced intraoperative events during anastomosis,
dietary intake was postponed until after the UGI series
confirmed that there was no leakage or stricture, and
the CP was terminated. The other reason for dropout
was postoperative aggravation of an underlying
disease, independent of surgical complications.
There is a striking difference of the numbers of
“wanted completion CPs” between the intracorporeal
anastomosis and the extracorporeal anastomosis
groups. We believe that the reason can be explained
as follows: Starting in 2004, the LG was performed
by extracorporeal anastomosis, and starting in
approximately 2008, it gradually converted to
intracorporeal anastomosis. Since 2010, intracorporeal
anastomosis procedures outnumbered extracorporeal
anastomosis procedures. Over the last ten years,
there have been many changes in the healthcare
and reimbursement system in South Korea, and the
national health insurance allows cancer patients to stay
in the hospital longer for treatment at reduced costs.
These changes seem to influence the patient’s desire
to stay in the hospital.
In a multivariate analysis, being male (OR =
1.459), advanced age (OR = 1.727), total gastrectomy
(OR = 2.444), combined operation (OR = 1.731),
intraoperative event (OR = 2.558), and ASA score (OR
= 1.889) were risk factors for dropout. A large amount
of intra-abdominal fat deposition or intra-abdominal
adhesions from previous operations can make the
surgery more difficult, resulting in intraoperative
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Table 8 Clinical factors that affect dropout n (%)
Total

Drop

Univariate
OR (95%CI)

Sex
Male
Female
Age (yr)
≤ 65
> 65
BMI (kg/m2)
≤ 25
> 25
Anastomosis method
Intra
Extra
Resection
Distal
Total
Resection group
Ⅰ-distal
Ⅰ-total
E-distal
E-total
Combined OP
None
Yes
OP event
None
Yes
Number of comorbidities
0
1
2 and more
ASA score
1
2
3
Abdominal OP history
None
Yes
TNM stage
Ⅰ
Ⅱ
Ⅲ

Multivariable

P value

OR (95%CI)

< 0.001
2920
1880

534 (18.29)
228 (12.13)

1.622 (1.372-1.917)
1

3562
1238

462 (12.97)
300 (24.23)

1
2.146 (1.824 -2.525)

< 0.001

3325
1475

496 (14.92)
266 (18.03)

1
1.255 (1.066-1.478)

0.006

2345
2455

378 (16.12)
384 (15.64)

1
0.965 (0.826-1.126)

4218
582

593 (14.06)
169 (29.04)

2018
327
2200
255

1

P value
< 0.001

1.459 (1.228 -1.734)
1
1
1.727 (1.448-2.059)

< 0.001

0.651

1
1.057 (0.900-1.242)

0.499

1
2.501 (2.050-3.052)

< 0.001

1
2.444 (1.988-3.005)

< 0.001

285 (14.12)
93 (28.44)
308 (14.00)
76 (29.80)

1
2.417 (1.843 -3.169)
0.990 (0.832 -1.178)
2.582 (1.920-3.472)

< 0.001
< 0.001
0.909
< 0.001

4531
269

694 (15.32)
68 (25.28)

1
1.870 (1.404-2.491)

< 0.001

1
1.731 (1.284-2.334)

< 0.001

4723
77

732 (15.50)
30 (38.96)

1
3.480 (2.187-5.539)

< 0.001

1
2.558 (1.554-4.212)

< 0.001

3196
1137
467

411 (12.86)
221 (19.44)
130 (27.84)

1
1.635 (1.366 -1.957)
2.614 (2.082-3.281)

< 0.001
< 0.001
< 0.001

1
1.179 (0.882 -1.576)
1.564 (1.110-2.204)

0.031
0.266
0.011

3025
1549
226

382 (12.63)
305 (19.69)
75 (33.19)

1
1.696 (1.438-2.000)
3.437 (2.554-4.625)

< 0.001
< 0.001
< 0.001

1
1.182 (0.893-1.565)
1.889 (1.271-2.808)

0.006
0.242
0.002

4057
743

661 (16.29)
101 (13.59)

1
0.808 (0.645-1.013)

0.065

4380
314
106

688 (15.71)
51 (16.24)
23 (21.70)

1
1.041 (0.763-1.420)
1.487 (0.930-2.377)

0.274
0.802
0.097

1

Backward elimination. Logistic regression to predict dropout (= 762/4800). OR: Odd ratio; BMI: Body mass index; Intra/I: Intracorporeal anastomosis;
Extra/E: Extracorporeal anastomosis; OP: operation; ASA: American Society of Anesthesiologists.

[41]

events such as bleeding . Intraoperative events (OR
= 2.558) were the most significant risk factors for
dropout because they are related to a longer operation
time and more postoperative complications. Many
researchers have reported that advanced age, type
of reconstruction, combined operation, and ASA score
[42-44]
contribute to postoperative morbidities in GC
. We
found that being male was a risk factor for dropout
even though there was no difference in the BMI
between male and female patients. This suggests that
men have a larger proportion of visceral adipose tissue
[45-47]
than women
, which might increase postoperative
complications. Women generally have a higher amount
of body fat in subcutaneous areas, whereas men have
[48]
more body fat in the abdominal (visceral) region .
However, BMI does not accurately reflect the extent of

WJG|www.wjgnet.com

a patient’s visceral fat because the distribution of fat
varies with gender, and the visceral fat area is a more
accurate risk factor for postoperative complications
[41,49]
than BMI in LG for GC
.
It was difficult for patients to follow the CP if they
did not understand the concept. Most of them were
afraid of early food intake and discharge because their
food intake had to be strictly limited. Post-gastrectomy
symptoms (PSGs), including weight loss, early satiety,
eating restriction, appetite loss, dysphagia, reflux,
nausea and vomiting are inevitable consequences of
gastrectomy, and patients need to receive information
about the CP and PSGs in the outpatient clinic. Diet
is more challenging after gastrectomy than after
other operations. Therefore, it is important that all
patients and their family members learn about the
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diet. Most patients without major complications were
able to tolerate early oral intake as specified in the
CP. All patients were permitted sips of water 24 h
after surgery, as well as early oral intake of an LD. To
maintain the high quality of the CP, all members of
the gastric surgery team, including gastric surgeons,
nurses, nutritionists and members of the clinical support
services, need to actively participate and cooperate.
In our stomach division, a clinical nurse specialist
provides patients with detailed information about the
CP, including postoperative course, dietary schedule,
expected hospital stay, and anticipated return to
normal activities. In addition, the surgical team should
attempt to reduce the incidence of intraoperative
events, which are the most significant risk factor for
dropout from the CP. Intraoperative events mainly
occurred during the reconstruction of anastomoses,
and most involved esophagojejunostomy after total
gastrectomy or organ injury during dissection of the
lymph nodes. Therefore, LG should be performed
by expert surgeons who are experienced in OG
and various laparoscopic procedures. Moreover, the
surgeons should pay special attention to complex
cases with risk factors such as total gastrectomies and
combined operations, as well as intraoperative events.
Our findings suggest that LG for GC is a suitable
indication for the use of a CP because it can provide
better early surgical outcomes due to low invasiveness,
and make an early hospital discharge possible. The use
of a CP for LG could be helpful in East Asian countries,
where the incidence of GC is high, because of the
cost benefits and short hospital stays. For successful
application of a CP, patients with risk factors should be
managed carefully. However, this study was analyzed
retrospectively and was not a randomized controlled
study, and the groups were not homogeneous, so
the results could not be significant. Therefore, a
prospective randomized controlled study should be
conducted in the near future.

invasive operation for GC in the Asan Medical Center, especially for EGC. Since
2004, the authors’ institute has used a CP for large numbers of GC patients
undergoing LG performed by experienced surgeons. their CP will contribute a
standard structure for GC patients and provide guidelines for LG.

Innovations and breakthroughs

This study evaluated the rate of completion of a CP and the clinical factors
affecting the CP after laparoscopic gastrectomy for GC patients. The overall
completion rate of the CP was 84.1%; it was 83.9% in the intracorporeal
anastomosis group and 84.4% in the extracorporeal anastomosis group. In
the current study, the completion rates of the CP in both the intracorporeal
and the extracorporeal anastomosis groups were considerably higher than in
other reports because there was no bias caused by the different technique of
each surgeon. Surgeons who participated in this study were all trained in the
same surgical technique and had each performed more than 150 conventional
OGs as well as more than fifty LGs for GC at a single, high-volume center. A
multivariate analysis revealed that being male (OR = 1.459), advanced age (OR
= 1.727), total gastrectomy (OR = 2.444), combined operation (OR = 1.731),
intraoperative events (OR = 2.558), and ASA score (OR = 1.889) were risk
factors for dropping out of the CP. These results can give useful information
to the surgeon who is a novice at LG and works in small-volume center. For
successful application, patients with risk factors (male, advanced age, total
gastrectomy, combined operation, intraoperative events, American Society of
Anesthesiologists score) should be managed carefully.

Applications

LG appears to be a good indication for the application of a CP. the authors’ CP
can be applied to LG for GC patients.

Terminology

CP, clinical pathway, is a comprehensive systematized plan that details the
essential steps in patient care in a given process, including any time-dependent
clinical decisions.

Peer-review

The authors of this paper evaluated the rate of completion for the CP, identified
risk factors for dropping out of the CP, and conclude that those patients who
had a risk factor should be managed more carefully. This is an interesting
analysis that addresses a clinically relevant question and provides somewhat
valuable results due to the large number of patients enrolled in the study.
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Abstract
AIM: The clinical value of second-look endoscopy (SLE)
after endoscopic submucosal dissection (ESD) has
been doubted continuously. The aim of this study was
to assess the effectiveness of SLE based on the risk of
delayed bleeding after ESD.
METHODS: A total of 310 lesions of gastric epithelial
neoplasms treated by ESD were reviewed. The lesions
were divided into two groups based on the risk of postprocedural bleeding estimated by Forrest classification.
The high risk of rebleeding group (Forrest Ⅰa, Ⅰb and
Ⅱa) required endoscopic treatment, while the low risk
of rebleeding group (Forrest Ⅱb, Ⅱc and Ⅲ) did not.
Delayed bleeding after ESD was investigated.
RESULTS: Sixty-six lesions were included in the high
risk of rebleeding group and 244 lesions in the low
risk of rebleeding group. There were no significant
differences in delayed bleeding between the high risk
group (1/66) and the low risk group (1/244) (P = 0.38).
The high risk of rebleeding group tended to be located
more often in the mid-third and had higher appearance
of flat or depressed shape than the low risk group (P =
0.004 and P = 0.006, respectively).
CONCLUSION: SLE with pre-emptive prophylactic
endoscopic treatment is still effective in preventing
delayed bleeding after ESD.
Key words: Second-look endoscopy; Forrest classification;
Endoscopic submucosal dissection; Delayed bleeding
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Core tip: This is a retrospective study to assess the
effectiveness of second-look endoscopy (SLE) based
on the risk of delayed bleeding after endoscopic
submucosal dissection (ESD). A total of 310 lesions
of gastric epithelial neoplasms treated by ESD were
reviewed. The lesions were divided into two groups
based on the risk of post-procedural bleeding estimated
by Forrest classification. The high risk of rebleeding
group (Forrest Ⅰa, Ⅰb and Ⅱa) required endoscopic
treatment, while the low risk of rebleeding group
(Forrest Ⅱb, Ⅱc and Ⅲ) did not. Delayed bleeding
after ESD was investigated. As a result, there were no
significant differences in delayed bleeding between
the high risk group and the low risk group. However,
the high risk of rebleeding group tended to be located
more often in the mid-third and had higher appearance
of flat or depressed shape than the low risk group.
In conclusion, SLE with pre-emptive prophylactic
endoscopic treatment is still effective in preventing
delayed bleeding after ESD.
Jung JH, Kim BJ, Choi CH, Kim JG. Second-look endoscopy
with prophylactic hemostasis is still effective after endoscopic
submucosal dissection for gastric neoplasm. World J
Gastroenterol 2015; 21(48): 13518-13523 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i48/13518.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i48.13518

INTRODUCTION
Gastric cancer is the most common malignant neoplasm
and the third most common cause of cancer related
[1]
death in South Korea . Endoscopy for screening of
gastric cancer is widely performed in high incidence
areas such as Korea and Japan. Recently, advances
in endoscopic equipment have increased the early
detection rate. There is a good chance of being cured
when gastric cancer is diagnosed at an early state, for
which surgery is the treatment of choice. Endoscopic
submucosal dissection (ESD) for node-negative early
gastric cancer (EGC) has been recognized as an
outstanding endoscopic treatment instead of open
[2,3]
surgery . However, bleeding from artificial ulcers
after gastric ESD has remained a major complication.
Although the bleeding rate is relatively low after gastric
[3]
ESD, uncontrolled bleeding is related to mortality .
Therefore, second-look endoscopy (SLE) continues to
be performed at most institutions after gastric ESD
to check for post-procedural bleeding. Nevertheless,
there has been no consensus nor significant evidence
of the clinical utility of SLE in patients without any sign
of bleeding. In most cases of bleeding, endoscopic
hemostasis effectively stops bleeding when properly
performed during emergency endoscopy. For this

WJG|www.wjgnet.com

reason, the clinical value of SLE is continuously under
debate. Two retrospective analysis reported that
SLE after gastric ESD may contribute little to the
[4,5]
prevention of delayed bleeding . In that study, gross
type (Ⅱb/Ⅱc) was the only considerable predictor for
[4]
post-ESD bleeding with a significant difference . In
consideration of that point, gastric ESD cases were
evaluated herein to verify the clinical and pathological
conditions depending on the state of the iatrogenic
ulcer base of post-ESD. The aim of this study was
to assess the clinical role of routine SLE after ESD
based on the delayed bleeding estimated by Forrest
classification, and to confirm whether SLE with pro
phylactic hemostasis is useful for the prevention of
delayed bleeding after gastric ESD.

MATERIALS AND METHODS
Patients and materials

A total of 319 patients with gastric epithelial neoplasm
who were consecutively treated with ESD in ChungAng University Hospital from January 2009 to
December 2013 were retrospectively reviewed. ESD
was principally indicated for node-negative EGC or
gastric adenoma. A total of four cases were excluded
due to deep invasion (n = 3) or perforation (n = 1). As
a result, a total of 310 lesions (74 cases of EGCs and
236 cases of gastric adenoma) were explored by SLE,
defined as performing elective endoscopy without any
sign of bleeding within 72 h after ESD.
The 310 lesions were divided into two groups based
on the risk of post-procedural bleeding (high risk group
vs low risk group) estimated by Forrest classification.
The high risk of rebleeding group (Forrest Ⅰa, Ⅰb and
Ⅱa) required endoscopic treatment, while the low risk
of rebleeding group (Forrest Ⅱb, Ⅱc and Ⅲ) did not.
More specifically, the high risk of rebleeding group
included cases with blood oozing and visible vessels
without any sign of hemorrhage. A flow chart for
inclusion in this study is shown in Figure 1. The study
protocol was approved by the institutional review
board of Chung-Ang University College of Medicine [IRB
No. C2014088(1284)].

ESD procedures

The ESD was performed under conscious sedation.
All patients provided written informed consent before
treatment. Patients fasted the morning of the treat
ment. After circumferential marking with an argon
plasma coagulator (APC) from the tumor edge, a
mixture of 0.9% saline with epinephrine, glycerol, or
hyaluronic acid containing indigo carmine was injected
into the submucosal layer. The muscularis mucosa was
then cut and submucosal dissection was performed. An
insulation-tipped knife (Olympus, Tokyo, Japan), Hook
knife (Olympus, Tokyo, Japan), or Flex knife (Olympus,
Tokyo, Japan) was selected as the electrosurgical knife
according to the preference of the endoscopist and/or
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319 lesions treated by ESD
from January 2009 to December 2013

Excluded (9):
Deep invasion (3)
Perforation (1)
No-SLE (5)

310 lesions for the analysis of delayed bleeding after
second-look endoscopy

66 lesions with prophylactic hemostasis
on second-look endoscopy

244 lesions without prophylactic
hemostasis on second-look endoscopy

1 lesion of delayed bleeding

1 lesion of delayed bleeding

Figure 1 Flowchart for the efficacy of second-look endoscopy. Among 310 lesions treated by ESD, delayed bleeding occurred in 2 (0.64%), one per group; high
risk group (1/66) and low risk group (1/244). Delayed bleeding was defined bleeding event after SLE within 30 d. ESD: endoscopic submucosal dissection; SLE:
second-look endoscopy.

tumor characteristics. Oozing lesions or non-bleeding
visible vessels in the ulcer bed were treated by
hemostatic forceps (FD-410LR; Olympus) or hemoclips
immediately after ESD.
In principle, treatment with antiplatelet or anti
coagulant agents was stopped 1 wk before ESD. 40mg
pantoprazole was administered intravenously once
daily from the day of ESD to the first day of feeding.
Complete blood count was checked immediately after
ESD, the day after, at discharge, and after 1 and 4 wk.

Second-look endoscopies

The purpose of SLE was to check and prevent postESD bleeding from the artificial ulcer. SLE was
performed within 72 h after ESD. SLE was mainly
performed the day after ESD; however, emergency
endoscopy was performed anytime within 24 h in
patients with suspected bleeding or perforation. During
SLE, prophylactic hemostasis with thermocoagulation
or hemostatic clipping were performed on actively
bleeding (Forrest classification Ⅰa) or blood-oozing
ulcers (Forrest classification Ⅰb) or non-bleeding visible
vessels (Forrest classification Ⅱa). After SLE, patients
without evidence of bleeding were usually allowed to
have a liquid diet with an oral proton pump inhibitor.
Most patients were discharged within 3 d after ESD
if a bleeding event did not occur. The patients were
scheduled to visit the hospital at 1 wk, 1 mo, and 3
mo after discharge. All patients were instructed to visit
the hospital in case of hematemesis, hematochezia,
melena or dizziness.

Data analysis

Post-ESD bleeding was defined as the appearance of
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hematemesis, hematochezia, melena, hypotension
or decrease in hemoglobin of more than 2g/dL after
ESD. Diagnosis was made by endoscopy. Delayed
bleeding was defined as bleeding events after SLE
which occurred within 30 d. The following variables
were analyzed: age, sex, comorbidities with Charlson
comorbidity scale, use of antiplatelet or anticoagulant
agents, use of steroid or nonsteroidal anti-inflam
matory drugs, procedure time, resection type (en
bloc or piecemeal), lesion location (upper third-high
body or cardia, middle third-mid body or lower body,
lower third-antrum or angle), lesion characteristics
(elevated or flat, depressed), lesion size (maximum
diameter), resected specimen size (maximum
diameter), histologic type, presence of Helicobacter
pylori (H. pylori), Forrest classification at SLE (high
risk-Ⅰa, Ⅰb, Ⅱa or low risk-Ⅱa, Ⅱb, Ⅲ), whether or
not prophylactic hemostasis occurred, and presence of
delayed bleeding (≤ 30 d after ESD).

Statistical analysis

Data were analyzed with comparison between the two
bleeding groups. Statistical analysis was performed
using the SPSS software version 18.0 (SPSS Inc.,
Chicago, IL, United States). Univariate analysis by
the Student’s t-test was performed for age, lesion
2
size, resected specimen size, and procedure time. χ
test was performed for sex, cormorbidities, the use
of antiplatelet or anticoagulant agents or of steroid
or non-steroidal anti-inflammatory drugs, technique
of resection, resection type, lesion location, lesion
characteristics, histologic type, presence of H. pylori,
whether or not prophylactic hemostasis occurred,
and presence of delayed bleeding. The statistical
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risk of rebleeding group. There were no significant
differences between the groups (P = 0.38). The three
patients with double lesions had low grade dysplasia
of elevated shape, and were included in the low risk of
rebleeding group without delayed bleeding.

Table 1 Clinical characteristics before second look endoscopy
according to the rebleeding risk after endoscopic submucosal
dissection n (%)
High risk group Low risk group p value
(n = 66)
(n = 244)
Forrest classfication

Age, mean (mean ± SD, yr)
Sex, male/female
Comorbidities (Charlson scale)
0
1
2
3
4
Use of antiplatelet or
anticoagulant agents or
steroid or nonsteroidal antiinflammatory drugs
Yes
None or unknown

Ⅰa, Ⅰb, Ⅱa

(21.2)
Ⅰa (n = 0)
  Ⅰb (n = 48)
  Ⅱa (n = 18)
65.2 ± 8.6
43/23
49 (74.2)
13 (19.7)
3 (4.5)
1 (1.5)
0 (0)

Ⅱb, Ⅱc, Ⅲ

DISCUSSION

(78.8)

Ⅱb (n = 55)
Ⅱc (n = 14)

    Ⅲ (n = 175)

64.7 ± 9.4
150/94

0.70
0.58
0.96

178 (73.0)
52 (21.3)
9 (3.7)
3 (1.2)
2 (0.8)
0.03

10 (15.2)
56 (84.8)

17 (7.0)
227 (93.0)

significance was set at a p value < 0.05.

RESULTS
When the 310 lesions were classified into two groups
according to the Forrest classification, 66 lesions
(21.2%) were included in the high risk of rebleeding
group (Forrest classification: Ⅰa, Ⅰb,  Ⅱa) and 244
lesions (78.8%) were included in the low risk of
rebleeding group (Forrest classification: Ⅱb, Ⅱ
c, Ⅲ). No bleeding occurred within 3 d after SLE in
both groups. Delayed bleeding occurred in only two
of the 310 lesions (0.64%). All cases of bleeding
were controlled with endoscopic management (e.g.
hemostatic forceps and hemoclips) without surgical
intervention. Blood transfusion was not performed in
delayed bleeding cases because of stable vital signs
and hemoglobin levels above 9 g/dL. No rebleeding
occurred after post-ESD hemostasis. There were no
statistically significant differences between the two
groups according to age, sex, comorbidities using the
Charlson comorbidity scale (Table 1). In addition, there
were no significant differences in procedure time,
lesion size, resected specimen size, histologic type,
presence of H. pylori, whether or not prophylactic
hemostasis occurred, and presence of delayed bleeding
(Table 2). The lesions of the high risk of rebleeding
group tended to be located more often in the midthird, whereas those of the low risk of rebleeding
group were located more in the upper or lower third
(P = 0.004). As for lesion characteristics, the high risk
of rebleeding group had higher appearance of flat or
depressed shape than the low risk group (P = 0.006).
Delayed bleeding after SLE occurred on POD 5 in the
low risk of rebleeding group and on POD 23 in the high
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Performance of a routine SLE after gastric ESD was
supported by several prospective, randomized trials
owing to its efficacy after endoscopic hemostasis
[6-8]
for peptic ulcer bleeding
. However, there are
fundamental pathophysiological differences in ulcer
formation between peptic and post-ESD ulcers. Peptic
ulcers may occur due to breakdown of the mucosal
defense mechanism and hyperacidic environment. On
the other hand, post-ESD ulcers occur in a relatively
less acidic environment. Furthermore, post-ESD ulcers
are relatively shallow compared to peptic ulcers due to
[4,9]
electively performed submucosal dissection .
Several current randomized trials suggested that
routine SLE had little or no influence on the prevention
[4,10]
of delayed bleeding
. However, most of them were
limited to making generalizations because of the
small scale, single center-based studies. In addition,
recurrent bleeding is one of the most important
risk factors for mortality, even though there are
fundamental difference in the pathophysiology of
[8]
peptic ulcers and post-ESD ulcers . Therefore, the
study of multiple aspects for predicting the likelihood of
post-ESD ulcer rebleeding is in progress. According to
several studies, tumor location, tumor size, ulcerative
findings, and long procedure time are suggested as
[4,11]
risk factor for delayed bleeding
. However, these
factors proved not to be significant in this study. In this
study, the use of antiplatelet or anticoagulant agents,
steroids, and non-steroidal anti-inflammatory drugs
(NSAIDs) was related with high risk of rebleeding after
ESD. This result is consistent with previous studies on
[12]
peptic ulcer bleeding .
The presence of H. pylori infection was confirmed
using Giemsa staining or urea breath test, because
this bacterium disturbs the healing process of gastric
ulcers.
As a result, no significant differences were observed
between the two groups (P = 0.88).
In this study, the post-ESD lesions were classified
according to Forrest classification. Forrest classification
is known to be the most important factor among
various predictive variables for gastroduodenal
[13,14]
ulcer rebleeding
. There is no doubt that higher
Forrest classification has more bleeding risk than
lower Forrest classification. In addition, Takizawa et
al. suggested that preventive coagulation of visible
vessels in the resection area after ESD may lead to
[15]
a lower bleeding rate . In this study, pre-emptive
prophylactic endoscopic treatment for the high risk
of rebleeding group during SLE was found to reduce
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Table 2 Outcomes of endoscopic submucosal dissection n (%)

Prodecure time (mean ± SD, min)
Resection type (en bloc)
Lesion location
High body, cardia
Mid body, lower body
Antrum, angle
Lesion characteristics
Elevated
Flat or depressed
Lesion size (maximum diameter)
Resected specimen size (maximum diameter)
Histologic type
Cancer
High grade dysplasia
Lower grade dysplasia
Presence of Helicobacter pylori
Yes
No
Unknown
Endoscopic hemostasis
Yes
No
Occurrence of delayed bleeding
Yes
No

High risk group (n = 66)

Low risk group (n = 244)

p value

50.5 ± 27.6
66 (100.0)

44.2 ± 29.7
244 (100.0)

0.12

0 (0.0)
9 (13.6)
57 (86.4)

10 (4.1)
9 (3.7)
225 (92.2)

54 (81.8)
12 (18.2)
12.0 ± 7.3
32.3 ± 9.4

227 (93.0)
17 (7.0)
12.5 ± 8.4
30.7 ± 10.8

20 (30.3)
6 (9.1)
40 (60.6)

54 (22.1)
29 (11.9)
161 (66.0)

11 (16.7)
54 (81.8)
1 (1.5)

36 (14.8)
204 (83.6)
4 (1.6)

66 (100.0)
0 (0.0)

0 (0.0)
244 (100.0)

1 (1.5)
65 (98.5)

1 (0.4)
243 (99.6)

0.004

0.006

0.87

1.00

0.38

delayed bleeding, as much as the low risk group.
Although SLE did not prevent all the delayed bleeding,
early detection of delayed bleeding may prevent
cardiovascular complications.
From the viewpoint of probability, the high risk of
rebleeding group can be recognized as a group with
potential for bleeding. In fact, cases with active arterial
bleeding (Forrest class Ⅰa and Ⅰb) have a 90% risk of
rebleeding. Furthermore, non-bleeding visible vessels
(Forrest class Ⅱa) have a 50% risk of rebleeding in
spite of proper initial medical management. As for
the potential bleeding, theoretically, at least 50% of
the high risk of rebleeding group in this study had the
chance of experiencing bleeding. This estimation is
by no means a negligible level in post-ESD care. In
this study, the incidence of complications after ESD,
such as perforation or delayed bleeding, was much
[4,9,16]
lower than reported in previous studies
. En bloc
resection rate was 100% (314/314), and curative
resection rate was 99.0% (311/314) in the present
study. This result may be derived from excellent
outcomes owing to improvement in the techniques
and therapeutic modalities. In a previous study,
positive/indeterminate lateral margin was suggested
as a significant risk factor for delayed bleeding from
[17]
ESD . Interestingly, the low risk of rebleeding group
was taking more medication with bleeding tendency
compared with the high risk of rebleeding group.
Exposure to such drugs is well known to substantially
[13,18,19]
increase the bleeding risk of peptic ulcers
.
In particular, the low risk of bleeding group in this
study included a significant number of patients with

WJG|www.wjgnet.com

0.69
0.25
0.36

relatively higher potential bleeding risk. Thus, the
imperfect organization of the low risk of rebleeding group
might have led to misinterpretation. Even though the
possibility of bleeding after gastric ESD is low, SLE
should never be ignored.
In conclusion, based on our retrospective analysis,
SLE with pre-emptive prophylactic endoscopic
treatment is still effective in preventing delayed
bleeding after ESD, especially when the lesion is
located in upper locations and is flat or depressed in
shape. In the future, large randomized controlled trials
will be warranted to elucidate the effectiveness of SLE
after ESD.

COMMENTS
COMMENTS
Background

Owing to recent advances in endoscopic equipment enables, endoscopic
submucosal dissection (ESD) for node-negative early gastric cancer has been
recognized as an alternative modality of surgery. However, bleeding from
artificial ulcers after gastric ESD has remained a major complication. Although
the bleeding rate is relatively low after gastric ESD, uncontrolled bleeding
is related to mortality. In most cases of bleeding, endoscopic hemostasis
effectively stops bleeding when properly performed during emergency
endoscopy. For this reason, the clinical value of second-look endoscopy (SLE)
is continuously under debate. Therefore, this study evaluated the clinical
efficacy of routine SLE after ESD based on the delayed bleeding estimated by
Forrest classification, and to confirm whether SLE with prophylactic hemostasis
is useful for the prevention of delayed bleeding after gastric ESD.

Research frontiers

Second-look endoscopy is important for preventing delayed bleeding after
gastric ESD. The results of this study contribute to clarifying the clinical efficacy
of second-look endoscopy with prophylactic hemostasis.
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Innovations and breakthroughs

In this study, second-look endoscopy with pre-emptive endoscopic treatment
was still useful tool for preventing delayed bleeding after ESD. Especially,
estimation of rebleeding risk based on the Forrest classification is also
applicable to post-procedural bleeding risk assessment as well as peptic ulcer
bleeding.

8

Applications

9

Terminology

10

This study suggests that second-look endoscopy with prophylactic hemostasis
is still effective for preventing delayed bleeding after gastric ESD. Especially,
high risk of rebleeding represented by high grade of Forreset classification (Ⅰ
a, Ⅰb, and Ⅱa) should be managed on the second-look endoscopy.

ESD: An endoscopic procedure that resect gastrointestinal neoplasm in en bloc
fashion with circumferential mucosal incision and submucosal dissection. SLE:
An endoscopic technique that confirm recurred or residual bleeding from the
gastrointestinal tract after endoscopic procedure.

11

Peer-review

The author of this paper evaluated the efficacy of second-look endoscopy with
prophylactic hemostasis based on the Forrest classification and compared the
results of the high risk of rebleeding group with the low risk of rebleeding group.
As a result, the high risk of rebleeding group tended to be located more often
in the mid-third and had higher appearance of flat or depressed shape than the
low risk group. In conclusion, SLE with pre-emptive prophylactic endoscopic
treatment is still effective in preventing delayed bleeding after ESD.
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Abstract
AIM: To evaluate the dynamic computed tomography
(CT) findings of liver metastasis from hepatoid
adenocarcinoma of the stomach (HAS) and compared
them with hepatocellular carcinoma (HCC).
METHODS: Between January 2000 and January 2015,
8 patients with pathologically proven HAS and liver
metastases were enrolled. Basic tumor status was
evaluated for the primary tumor location and metastatic
sites. The CT findings of the liver metastases were
analyzed for tumor number and size, presence of tumor
necrosis, hemorrhage, venous tumor thrombosis, and
dynamic enhancing pattern.
RESULTS: The body and antrum were the most
common site for primary HAS (n = 7), and observed
metastatic sites included the liver (n = 8), lymph
nodes (n = 7), peritoneum (n = 4), and lung (n =
2). Most of the liver metastases exhibited tumor
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necrosis regardless of tumor size. By contrast, tumor
hemorrhage was observed only in liver lesions larger
than 5 cm (n = 4). Three patterns of venous tumor
thrombosis were identified: direct venous invasion
by the primary HAS (n = 1), direct venous invasion
by the liver metastases (n = 7), and isolated portal
vein tumor thrombosis (n = 2). Dynamic CT revealed
arterial hyperattenuation and late phase washout in all
the liver metastases.
CONCLUSION: On dynamic CT, liver metastasis from
HAS shared many imaging similarities with HCC. For
liver nodules, the presence of isolated portal vein tumor
thrombosis and a tendency for tumor necrosis are
imaging clues that suggest the diagnosis of HAS.
Key words: Computed tomography; Liver; Hepatoid
adenocarcinoma; Hepatocellular carcinoma; Stomach
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatoid adenocarcinoma of the stomach (HAS)
is a rare form of gastric cancer with clinicopathological
presentation mimicking hepatocellular carcinoma (HCC).
The high similarity between the two diseases makes the
differential diagnosis challenging, especially when the
primary tumor is unknown, and the liver nodules are
the only initial finding. In the present study, identical
dynamic enhancing pattern (arterial hyperattenuation
and late phase washout) between liver metastasis from
HAS and HCC was confirmed. Moreover, the presence of
isolated portal vein tumor thrombosis and a tendency of
tumor necrosis are the imaging clues that suggest the
diagnosis of HAS rather than HCC.
Lin YY, Chen CM, Huang YH, Lin CY, Chu SY, Hsu MY, Pan
KT, Tseng JH. Liver metastasis from hepatoid adenocarcinoma
of the stomach mimicking hepatocellular carcinoma: Dynamic
computed tomography findings. World J Gastroenterol 2015;
21(48): 13524-13531 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i48/13524.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i48.13524

INTRODUCTION
Hepatoid adenocarcinoma of the stomach (HAS) is
a rare form of gastric cancer with clinicopathological
presentation mimicking hepatocellular carcinoma (HCC).
Clinically, the neoplasm is characterized by a predilection
for older age, high serum alpha-fetoprotein (AFP) levels,
[1]
an aggressive clinical course, and poor prognosis . The
aggressive tumor behavior makes the liver metastasis
being as the first clinical manifestation in more than
[2]
75% of HAS patients . Pathologically, hepatoid
morphology, immunoreactivity with AFP, and a tendency
for vascular permeation are the shared features of
[3]
HAS and HCC . The high similarity between the two
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diseases makes differential diagnosis challenging,
especially when the primary tumor is unknown, and
the liver nodules are the only initial finding. Moreover,
the role of dynamic computed tomography (CT) in liver
metastasis from HAS is not well established. To our
knowledge, only one case report mentioned a similar
dynamic enhancing pattern in liver metastasis from
[4]
HAS and HCC . The aim of our study was to evaluate
the dynamic CT findings of liver metastasis from HAS
and compare them with the typical imaging findings of
HCC. The clinical presentation and treatment results of
HAS are also evaluated.

MATERIALS AND METHODS
Patient population

Institutional Review Board approval was obtained, and
the need for patient informed consent was waived
because of the retrospective and anonymous nature of
this study. A retrospective search of January 2000 to
January 2015 revealed 11 patients with pathologically
proven HAS and liver metastases in our institution.
Three patients were excluded because their CT studies
were not available for review. Finally, 8 patients (6
men and 2 women; mean age 68.5 ± 6.1 years; range
60-78 years) constituted our study cohort. Clinical data
including patient demographics, initial presentation,
personal history (alcohol use and hepatitis infection),
laboratory data (hemoglobin level and serum AFP
level), treatments received, and therapeutic result
were reviewed.

CT acquisition

CT examinations were requested in regard to clinical
symptoms, abnormal liver ultrasound results, or
abnormal endoscopic findings. Four patients underwent
three-phase dynamic CT of the liver, 2 patients
underwent two-phase dynamic CT for gastric tumor
staging, and routine abdominal CT was arranged
for the remaining 2 patients. Each patient received
100 mL of a nonionic, low-osmolar contrast material
(Iohexol, Omnipaque, GE Healthcare, Milwaukee, WI,
United States) administered intravenously at a rate of
2.5-3.0 mL/s. Dynamic CT scanning was conducted at
30 s (arterial phase) and 60 s (portal venous phase)
after the beginning of intravenous injection. Additional
scanning at 3 min (equilibrium phase) was included
in the protocol of dynamic CT of the liver. For patients
that underwent CT for gastric tumor staging, a total of
800-1000 mL of tap water was administered orally to
obtain gastric distension just prior to scanning. Images
were routinely reconstructed into coronal and sagittal
planes and available for viewing on a picture-archiving
and communication system (PACS, GE Healthcare,
Milwaukee, WI, United States).

Statistical analysis

CT images were retrospectively reviewed by two
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Table 1 Clinical features of hepatoid adenocarcinoma of the stomach
Case No.

Sex/age (yr)

Initial
presentation

Location
(largest size, cm)

Metastasis

Serum AFP
(ng/mL)

Treatment

Follow-up
status

1

M/64

Epigastric
discomfort

Body, antrum
(7.5)

Liver
Peritoneum
Perigastric lymph nodes

1133.7

Died at 19 mo

2

M/69

Body weight loss

Antrum (7.3)

281.1

3

M/78

Antrum (4.5)

4

M/63

Epigastric
discomfort
Epigastric
discomfort

Liver
Lung
Liver
Perigastric lymph nodes
Liver
Peritoneum

Gastrectomy
Chemotherapy
TACE for liver
metastases
Gastrectomy
Chemotherapy
Gastrectomy
Chemotherapy
Chemotherapy
TACE for liver
metastases

5

F/70

Palpable mass

Body, antrum
(3.8)

Died at 23 mo

6

F/69
M/60

Body, antrum
(7.5)
Antrum (4.5)

6442.6

7

Epigastric
discomfort
Epigastric
discomfort

Chemotherapy
TACE for liver
metastases
Chemotherapy

1419.7

Chemotherapy

Died at 3 mo

8

M/75

Body weight loss

Body (4.0)

2904.5

Supportive care

Died at 3 mo

Cardia (5.2)

Perigastric lymph nodes
Liver
Perigastric lymph nodes
Liver
Perigastric lymph nodes
Liver
Peritoneum
Paraaortic lymph nodes
Perigastric lymph nodes
Liver
Lung
Peritoneum
Perigastric lymph nodes

3124.9
2170.3

890.3

Died at 3 mo
Died at 5 mo
Died at 6 mo

Died at 9 mo

M: Male; F: Female; AFP: Alpha-fetoprotein; TACE: Transarterial chemoembolization.

board-certified radiologists in consensus. Basic
tumor status was evaluated for the primary tumor
location, tumor size, and metastatic sites (for both
nodal metastasis and distant metastasis). Image
findings of liver metastases were analyzed for the
following factors: tumor number and size, presence
of tumor necrosis, hemorrhage, venous tumor
thrombosis, and dynamic enhancing pattern. The
presence of a gastric tumor was suggested when
the gastric wall was 6 mm or greater in thickness
[5]
or with abnormal contrast enhancement . Lymph
node involvement was considered as present when
the short-axis diameter is larger than 8 mm for
perigastric lymph nodes and larger than 10 mm for
[6,7]
distant lymph nodes . The attenuation of tumor
[4]
content was analyzed as Hounsﬁeld units when
a region of interest was placed in the center of the
lesion. The presence of a low-attenuation (10-30 HU),
nonenhancing area within the tumor was defined as
[8]
tumor necrosis . By contrast, tumor hemorrhage
was considered as a high-attenuation (50-100 HU),
[9]
nonenhancing area within the tumor . Venous tumor
thromboses, including those of the portal veins,
hepatic veins, inferior vena cava, and perigastric veins,
were judged by identifying intravenous filling defects
with enlargement of the involved venous segment
and with minimal contrast enhancement on portal
[10-12]
venous phase of CT
. Isolated portal vein tumor
thrombosis was defined as the presence of tumor
thrombosis of the portal vein without evidence of liver
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[13]

metastasis of the ipsilateral liver lobe . The degree of
tumor attenuation (hypoattenuation, isoattenuation,
and hyperattenuation) on CT studies was determined
by the largest lesion against the background of the
adjacent normal liver parenchyma on arterial phase
and late phase (portal venous and equilibrium phases)
[14]
images . Heterogeneously enhancing lesions were
classified as hyperattenuating when most of the
[15]
solid component was well-enhanced . Washout
was defined as occurring when any part of the lesion
that was hyperattenuating on arterial phase images
exhibited a corresponding hypoattenuating area on
[14]
late phase images .

RESULTS
Clinical findings

Table 1 summarizes the relevant clinical information
and basic tumor status of the enrolled patients.
Among the 8 patients with pathologically proven HAS
and liver metastasis, 6 were male and the mean age
at diagnosis was 68.5 ± 6.1 years. All patients were
serologically negative for hepatitis B and C, had no
history of alcohol abuse, and did not exhibit any clinical
or imaging signs of liver cirrhosis. Markedly elevated
serum AFP levels (mean 2295.9 ± 1942.8 ng/mL;
range 281.1-6442.6 ng/mL) and various degrees of
anemia (mean 8.3 ± 0.9 g/dL; range 6.8-9.4 g/dL)
were the main laboratory abnormalities. In 4 patients,
the symptoms (epigastric discomfort and palpable
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Table 2 Computed tomography features of liver metastases from hepatoid adenocarcinoma of the stomach
Case No.

Tumor location

Tumor number
(largest size, cm)

Necrosis

Hemorrhage

Venous tumor thrombus

Dynamic enhancing pattern

1

Lateral segment

Single (9.7)

Yes

No

Arterial hyperattenuation
Late phase washout

2

Bilateral lobes

Multiple (8.7)

Yes

Yes

3
4

Segment 7
Right lobe

Single (2.1)
Multiple (2.8)

Yes
Yes

No
No

5

Segment 4

Single (7.2)

Yes

No

Left portal vein
Left hepatic vein
Inferior vena cava
Right portal vein
Left hepatic vein
Inferior vena cava
Right portal vein
Right portal vein
Left portal vein1
nil

6

Right lobe

Multiple (9.8)

Yes

Yes

7

Bilateral lobes

Multiple (7.5)

Yes

Yes

8

Bilateral lobes

Multiple (8.1)

Yes

Yes

Right portal vein
Left portal vein1
Gastroepiploitc vein2
Right portal vein
Left hepatic vein
Left portal vein

Arterial hyperattenuation
Late phase washout
NA
Arterial hyperattenuation
Late phase washout
Arterial hyperattenuation
Late phase washout
Arterial hyperattenuation
Late phase washout
Arterial hyperattenuation
Late phase washout
NA

Isolated portal vein tumor thrombosis; 2By direct invasion of primary hepatoid adenocarcinoma of the stomach. NA: Not available.

1

mass) led to the ultrasonographic detection of hepatic
nodules as the initial clinical finding. Only 25% of
the patients (n = 2) underwent endoscopy prior to
CT examinations. The metastatic tumor status made
Fluorouracil (5-FU)-based chemotherapy being as the
main treatment for most of the patients (n = 7). Three
patients complicated with gastric outlet obstruction
were treated with palliative distal gastrectomy,
and transarterial chemoembolization (TACE) with
Lipiodol and Doxorubicin infusion was performed
for liver metastases in 3 patients. Supportive care
was suggested for one patient because of poor
performance status. The mean survival time from the
first diagnosis was 8.9 ± 7.8 mo (range 3-23 mo).

CT findings

The body and antrum were the most common site for
primary HAS (n = 7; mean size 5.5 ± 1.6 cm), and
the observed metastatic sites included the liver (n = 8),
lymph nodes (n = 7), peritoneum (n = 4), and lung
(n = 2). Table 2 summarizes the CT characteristics
of the liver metastases from HAS. Liver metastases
usually presented as multiple nodules with variable
sizes (n = 5), but single presentation was also noted
(n = 3). Most of the liver metastases exhibited tumor
necrosis regardless of tumor size. By contrast, tumor
hemorrhage was observed only in liver lesions larger
than 5 cm (n = 4). Venous tumor thrombosis was
identified in 7 patients, and the locations included the
portal veins (n = 7), hepatic veins (n = 3), inferior
vena cava (n = 2), and gastroepiploic vein (n = 1).
Three patterns of venous tumor thrombosis were
found: direct venous invasion by the primary HAS (n
= 1), direct venous invasion by the liver metastases (n
= 7), and isolated portal vein tumor thrombosis (n =
2). Dynamic CT revealed arterial hyperattenuation and
late phase washout in all the liver metastases.
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DISCUSSION
The typical dynamic enhancing pattern of HCC is
arterial hyperattenuation followed by washout on
[16]
late phase images . This pattern is consistent
with a multistep process of hepatocarcinogenesis,
which results in tumor vascular changes toward a
predominant hepatic arterial supply with a lack of
[17,18]
portal venous inflow
. According to the diagnostic
guidelines of the American Association for the Study
[19]
of Liver Diseases in 2010 , in patients with cirrhosis
or chronic hepatitis B, liver nodules larger than 1 cm
with typical enhancing pattern on contrast-enhanced
CT can be considered HCC and the need for biopsy is
obviated. In our study, all the liver metastases from
HAS presented with arterial hyperattenuation and
washout on dynamic CT studies (Figures 1 and 2). The
identical dynamic enhancing pattern, accompanied
with high serum AFP levels, makes liver metastasis
from HAS a great mimic of HCC. Clinically, HAS is
[20]
characterized by the absence of risk factors for HCC .
However, in endemic areas with a high incidence of
chronic hepatitis B, chronic hepatitis C, and cirrhosis, a
HAS patient being a hepatitis carrier or cirrhotic patient
[21]
simultaneously may not be rare .
In our study, most of the liver metastases from
HAS exhibited tumor necrosis regardless of tumor
size. Central necrosis can be detected even in liver
nodules with a diameter of less than 1 cm (Figure
1). By contrast, spontaneous central necrosis occurs
[22]
only in HCCs larger than 3 cm , and the reported
[23]
necrosis rate for HCC is relatively low (10%-40%) .
For liver metastases from HAS, the high incidence of
tumor necrosis is believed to be due to outgrowth of
the blood supply by the tumor causing hypoxia and
[24]
subsequent necrosis at the center of the tumor .
The tendency for tumor hemorrhage was a shared
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A

B

C

Pre

A-phase

PV-phase

D

F/U

Figure 1 Dynamic enhancing pattern of the liver metastasis from hepatoid adenocarcinoma of the stomach in a 63-yr-old male. A: Liver metastases from
hepatoid adenocarcinoma of the stomach presented with hypoattenuation on precontrast computed tomography (CT); B and C: The nodules revealed arterial
hyperattenuation (B) and late phase washout (C) on dynamic CT study. Central necrosis (arrows) was found in the small liver nodules; D: The patient received
transarterial chemoembolization for liver metastases. The treated liver nodules were well embolized by densely packed Lipiodol (arrows). However, new liver
metastases were observed on follow-up CT. Pre: Precontrast; A-phase: Arterial phase; PV-phase: Portal venous phase; F/U: Follow-up image.

A

B

C

D

Pre

A-phase

PV-phase

F/U

Figure 2 Dynamic enhancing pattern of the liver metastasis from hepatoid adenocarcinoma of the stomach in a 69-yr-old male. A: Liver metastasis from
hepatoid adenocarcinoma of the stomach presented with hypoattenuation on precontrast computed tomography (CT); B and C: The liver mass revealed arterial
hyperattenuation (B) and late phase washout (C) on dynamic CT study. Central necrosis and tumor hemorrhage (arrow) were noted; D: The patient received
total gastrectomy combined with systemic chemotherapy. Progression of the liver metastasis with direct IVC invasion (arrow) was observed on follow-up CT. Pre:
Precontrast; A-phase: Arterial phase; PV-phase: Portal venous phase; F/U: Follow-up image.

feature between liver metastasis from HAS and HCC.
In our study, tumor hemorrhage was observed only
in liver lesions larger than 5 cm (Figure 2). Similarly,
HCC with a larger diameter carried a higher risk of
[25]
tumor hemorrhage . Intratumoral bleeding is usually
a result of local ischemia caused by rapid growth
[26]
of the lesion . In 3%-26% of patients with HCC,
[27,28]
hemoperitoneum occurs after tumor bleeding
. By
contrast, neither hemoperitoneum nor tumor rupture
has been reported in patients with HAS.
[7]
Lee et al proposed two patterns of liver metas
tasis from HAS: a dominant bulky mass with adjacent
portal vein tumor thrombosis and multiple nodules of
a similar size without tumor thrombosis. The dominant
bulky mass pattern was reported to be more common.
In our study, a predilection existed for a dominant
bulky mass (Figures 2 and 3). However, the tumor
number and size were unrelated to the presence
of portal vein tumor thrombosis. On CT images,
most of the tumor thromboses were caused by
direct venous invasion of the metastatic liver tumors
(Figure 3C). Similarly, most of the reported venous
tumor thromboses in HCC were caused by direct
[29]
tumor invasion . In one patient with gastroepiploic
vein tumor thrombosis, the tendency for vascular
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permeation by the primary HAS was demonstrated.
[4,7]
This finding supports those of two previous studies .
Moreover, our study demonstrated a unique type of
venous tumor thrombosis: isolated portal vein tumor
thrombosis (Figure 3D). This finding implies a possible
route of tumor spread for the primary HAS and could
be useful in differential diagnosis.
A percutaneous liver biopsy is usually performed
as a problem-solving tool on liver nodules of uncertain
nature. However, the procedure may play a limited role
in differentiation between liver metastasis from HAS
and HCC. HAS shares strikingly morphologic similarity
[20]
with HCC in histology . Routine immunohistochemical
stains, like AFP, HepPar1, and GPC-3, are useful but
[21]
not specific for differential diagnosis . Although some
novel immunohistochemical markers, such as PIVKA[30]
[3]
Ⅱ , CEA, PLUNC, and CK19 , have exhibited varying
degrees of ability in differentiation, they are performed
only upon adequate clinical and imaging suspicions of
HAS. By contrast, for patients with suspected HAS and
liver metastasis, liver biopsy along with endoscopic
biopsy can be performed to confirm the identical tumor
origin in both the liver and stomach, and exclude the
diagnosis of synchronous HCC and gastric cancer,
which is the most crucial differential diagnosis.
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A

B

Pre

C

D

Figure 3 Venous tumor thrombosis in a 69-yr-old female with hepatoid adenocarcinoma of the stomach and liver metastases. A: Bulky liver metastases
presented with tumor hemorrhage (arrow) on precontrast computed tomography; B and C: Eccentric wall thickening and heterogenous enhancement of the gastric
body (arrowheads) implied gastric malignancy. On portal venous phase, the liver mass presented irregular central necrosis (B) and right portal vein tumor thrombosis
(arrow; C); D: Isolated left portal vein tumor thrombosis (arrow) was observed. No visible liver nodule was found at the left liver lobe. Pre: Precontrast.

The prognosis of HAS is extremely poor, mainly
resulting from the strong tendency for vascular
[4]
permeation and early distant metastases . Aggressive
treatments, such as radical surgery combined with
chemotherapy, have been proven to positively affect
[31,32]
the clinical outcome of HAS patients
. Moreover,
because striking pathological similarities are shared
by HAS and HCC, the treatments recommended for
[33]
HCC may also be effective for HAS. Petrelli et al
suggested Sorafenib (Nexavar, Bayer HealthCare,
Montville, NJ, United States) as a possible treatment
for hepatoid adenocarcinoma. In our study, TACE
was performed along with 5-FU-based systemic
chemotherapy in 3 patients. Most of the treated liver
nodules were well embolized by densely packed
Lipiodol. However, new liver metastases were observed
on follow-up CT (Figure 1D), which may be contributed
by the continuous tumor spread from the poorly
controlled primary HAS through the portal venous
system. Our results suggest that TACE, similarly to its
role in HCC treatment, may serve as a local therapy
for liver nodules of HAS but must be accompanied with
systemic chemotherapy or radical surgery for complete
tumor control.
The presence of gastric malignancy was not always
easily identified on CT images. The detectability of
primary HAS was influenced by morphologic features,
the thickness of the gastric wall, and the degree of
tumor enhancement. Moreover, abdominal CT studies
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performed as a result of nonspecific initial symptoms
or abnormal liver ultrasonographic findings would not
follow the standard protocol for gastric tumor staging
and would thus impair the detectability of gastric
[34]
malignancy on CT. D’Elia et al reported conventional
CT studies possess a low range of detectability
(40%-90%) in preoperative gastric cancer staging.
When the primary tumor is unknown, and the liver
nodules are the only initial finding, correct diagnosis of
HAS can be challenging.
This study has some limitations. First, it is a singlecenter, retrospective, and nonrandomized study.
Because of the rarity of HAS, only 8 patients were
enrolled in this study. The small sample size may
limit accurate analysis and lead to bias of the results.
Second, the presence of venous tumor thrombosis,
central necrosis, and intratumoral bleeding was
determined according to the imaging criteria, not by
histologic proof. However, all the enrolled patients had
their HAS confirmed histologically through an operation
or biopsy and had no other conditions predisposing
them to portal venous thrombosis. Third, this study
covered patients over a span of 15 years. Images
from different CT scanner with various parameters
were included for review. However, this was not a
major limitation since the intra-abdominal lesions were
usually bulky.
In conclusion, liver metastasis from HAS shared
many CT imaging similarities with HCC. For the liver

13529

December 28, 2015|Volume 21|Issue 48|

Lin YY et al . Dynamic CT findings of HAS
nodules, the presence of isolated portal vein tumor
thrombosis and a tendency for tumor necrosis are
imaging clues that suggest the diagnosis of HAS. Liver
biopsy along with endoscopic biopsy can be performed
to confirm the identical tumor origin in both the liver
and stomach for the patients with suspicious HAS.
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Abstract
AIM: to assess the diverse immediate and longterm clinical outcomes, a retrospective comparison
between laparoscopic and conventional operation was
performed.
METHODS: A total number of 916 clinical cases, from
January 2006 to December 2013 in our hospital, were
analyzed which covered 492 patients underwent the
laparoscopy in radical resection (LRR) and 424 cases in
open radical resection (ORR). A retrospective analysis
was proceeded by comparing the general information,
surgery performance, pathologic data, postoperative
recovery and complications as well as long-term
survival to investigate the diversity of immediate and
long-term clinical outcomes of laparoscopic radical
operation.
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RESULTS: There were no statistically significance
differences between gender, age, height, weight, body
mass index (BMI), tumor loci, tumor node metastasis
stages, cell differentiation degree or American Society
of Anesthesiologists scores of the patients (P >
0.05). In contrast to the ORR group, the LRR group
experienced less operating time (P < 0.001), a lower
blood loss (P < 0.001), and had a 2.44% probability
of conversion to open surgery. Postoperative bowel
function recovered more quickly, analgesic usage and
the average hospital stay (P < 0.001) were reduced
after LRR. Lymph node dissection during LRR appeared
to be slightly more than in ORR (P = 0.338). There
were no obvious differences in the lengths and margins
(P = 0.182). And the occurrence rate in the two groups
was similar (P = 0.081). Overall survival rate of ORR
and LRR for 1, 3 and 5 years were 94.0% and 93.6%
(P = 0.534), 78.1% and 80.9% (P = 0.284) and 75.2%
and 77.0% (P = 0.416), respectively.
CONCLUSION: Laparoscopy as a radical operation
for rectal cancer was safe, produced better immediate
outcomes. Long-term survival of laparoscopy revealed
that it was similar to the open operation.
Key words: Laparoscopic; Open surgery; Short-term
outcomes; Long-term outcomes; Rectal cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective case-control study
between laparoscopic surgery and open surgery in rectal
cancer. There are 916 clinical cases, collecting from
January 2006 to December 2013 in our hospital, which
covered 492 cases in laparascopic group and 424 cases
in open group. We compared the general information,
surgery performance, pathologic data, postoperative
recovery and complication as well as the long-term
survival of the patients. And than we concluded that
laparoscopy can produce better immediate outcomes
in rectal cancers. And the long-term survival of
laparoscopy was similar to the open operation.
Huang C, Shen JC, Zhang J, Jiang T, Wu WD, Cao J, Huang
KJ, Qiu ZJ. Clinical comparison of laparoscopy vs open surgery
in a radical operation for rectal cancer: a retrospective casecontrol study. World J Gastroenterol 2015; 21(48): 13532-13541
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i48/13532.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i48.13532

INTRODUCTION
It has been estimated that about 1.4 million new
cases of colorectal cancer are diagnosed worldwide
and nearly 0.7 million colorectal cancer-related deaths
[1]
occur, of which about 33% are due to rectal cancer .
Owing to the restriction of surgery and medicine the

WJG|www.wjgnet.com

prognoses of rectal cancer patients are critically poor,
with up to 40% locoregional recurrence and less
[2]
than a 50% 5-year survival rate before the 1980s .
With improvement of surgery and treatment with
neoadjuvant chemoradiotherapy, radiotherapy and
immune therapy, the recurrence rates have been
[3]
reduced with survival rates now greater than 70% .
It is more than 20 years since laparoscopy was
applied to the treatment of malignant colorectal cancer
[4]
by Jacobs and others . With improved techniques
and updated surgical instruments, laparoscopy is
more widely used to treat rectal cancer. Its principal
advantages are its clear view and reduced wounding,
less interference to the immune system, quick post
operative recovery and a lower overall operating
[5-7]
expense . Yet many controversies remain whether
laparoscopy, although minimally invasive, is inferior
to conventional open surgery for the long-term
treatment of this serious cancer. For example, it has
been suggested that laparoscopy may stimulate tumor
invasion and metastasis. Most large scale randomized
controlled trials (RCT) worldwide have conducted
research [conventional vs laparoscopic-assisted sur
gery in colorectal cancer (CLASICC), colorectal cancer
laparoscopic or open resection (COLOR), etc.] on
colon rather than rectal cancer. In 2013, National
Comprehensive Cancer Network tended to recommend
laparoscopy for rectal cancer patients with clinical
research trials encouraged to compare laparoscopic
and conventional operations.
A large body of research exists, which involved a
comparison between laparoscopic and open radical
[8]
resection for rectal cancer . The research included
resection margin length of both sides, mesentery
length and the number of lymph nodes retrieved,
which suggested the same effectiveness of radical
[9,10]
laparoscopy to an open operation
. However,
laparoscopic surgery also has the advantage of less
trauma, less pain postoperatively and a reduced
hospital stay for patients. In previous years, laparoscopy
took longer than open section surgery but now
laparoscopy can be completed in about the same
time as open section, mainly due to the accumulation
of practical surgical experience using this technique;
one additional benefit is the reduced occurrence of
[11]
complications . Research on the long-term curative
effect has revealed closely similar 1-, 3- and 5-year
survival rates of laparoscopic rectal cancer surgery
[6,12-14]
compared to open resection
. Earlier research
found a high incidence of postoperative implantation
metastasis and peritoneal implantation metastasis
[15]
after laparoscopic radical surgery for rectal cancer .
But recent research has reported a similar implantation
metastasis incidence for laparoscopic and open
[16]
section . It was assumed that earlier outcomes
could have been related to the neglect of tumor-free
principles during the operations.
RCT research includes that of Milson, Schwandner,
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[9,10,17]

CLASICC
and others, who reached the conclusion
of the similar long-term benefits of laparoscopic
and open resection for rectal cancer. Leung also
concluded that there were similar long-term effects
of laparoscopic and conventional surgery for recto
[16]
sigmoid colon cancer . The RCT research focused
on laparoscopic and open section for rectal tumors,
which was conducted by Gong, Park and the COLOR
[13,18,19]
. From
Ⅱ stage experiments are still in progress
the perspective of evidence-based medicine, a RCT
outcome based on large number of cases should prove
the long-term efficacy or otherwise of a laparoscopic
radical operation for rectal cancer.

MATERIALS AND METHODS
Patients

Between January 2006 and December 2013, 492
patients in group LRR and 424 patients in group
ORR in the Shanghai First People’s Hospital Affiliated
Shanghai Jiao Tong University were enrolled in our
study. Open surgeries (OP) and laparoscopic-assisted
surgeries (LAP) were performed by the same surgical
teams, respectively. Two groups of patients underwent
preoperative colonoscopy and had biopsy-proven
adenocarcinoma. The trial received approval from the
Shanghai First Peoples’ Hospital Affiliated Shanghai
Jiao Tong University research ethics committee and
prior written informed consent was obtained from all
patients.
Patients diagnosed with rectal cancer without other
serious diseases were included in the study. Patients
with distant metastasis of the tumor or associated
malignant tumor; intestinal obstruction; recurrence of
the tumor or other digestive system malignancy; those
who had a palliative operation for the tumor which
could not be resected or had widespread metastasis in
the abdominal cavity, were excluded from the study.

Preoperative preparation and operation procedures

Both groups had preoperative fiber colonoscopy and
biopsy for pathology confirmation of a clear diagnosis
of rectal cancer. Preoperative staging was evaluated
by enhanced CT or MRI scanning of the abdomen and
pelvis, as well as chest X-ray films, ultrasonography
or other assisted auxiliary examination. Both teams
employed preoperative intestinal preparations:
twice oral gentamicin 80000 U/d, 3 times 0.4 g oral
metronidazole for 3 d, and 1 d fluid food before
surgery. Polyethylene glycol-electrolyte powder was
given to prepare the bowel.
Both groups were operated on by a fixed team
of experienced physicians. Under the tumor-free
technique principle, the operation should be performed
based on colorectal cancer radical excision and
rectal tumor patients should be operated according
to TME principles. The preoperative preparation of
the laparoscopy group closely mimicked the open
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resection group. Patients were placed in the bladder
lithotomy position, with tracheal intubation anesthesia
and a pneumoperitoneum established under a
maintained pressure of 10-14 mmHg. The 5-trocar
technique was adopted by using an ultrasound knife
to incise the sigmoid right-sided mesentery and
clear the peritoneum to free up presacral space to
the right side of the rectum. A medical grasper was
used to retract the superior rectum vessels and was
directed upwards in a retrograde direction to facilitate
separation of the left-sided Toldt anadesma, reveal
the ureter and bare the root of the upper mesentery
artery. A part of the upper mesentery artery and the
inferior mesenteric aorta in the horizontal position was
separated using a titanium clamp. Downward pressure
was used to separate the presacral space and remove
the peritoneum from the right side of the rectum. The
sigmoid was isolated and the peritoneum removed
to the left side of the rectum and also the anterior
sacral fascia to protect the hypogastric nerve and pots
plexus. Next, the antetheca denonvillier fascia was
separated as well as the right and left ligament down
to the pelvic floor, and a further incision made 3-5
cm below the umbilicus in the center. Through this
incision, gradually the rectal tumor was removed in the
same way as during an open operation. Subsequently,
an intestinal anastomosis was completed or an
enterostomy, and the pelvic region rinsed with copious
quantities of distilled water to decrease the growth of
cancer cells. A regular drainage tube was indwelled
close to the anastomotic area and was routed to the
lower abdomen or ischiorectal fossa. Open section
mainly used a high frequency electric knife and the
operative principle and methods were identical to LRR
operated group.

Perioperative surveillance, postoperative management
and follow-up evaluation

Common data included gender, age, height, weight,
body mass index (BMI), tumor location, tumor node
metastasis (TNM) staging, cell differentiation grade,
American Society of Anesthesiologists (ASA) scores
and so on. The operative index included the time to
complete the operation, blood loss, sample lengths,
average retrieved lymph node numbers and the
conversation rates. The postoperative pain score on
day 1 was adopted as the basis of a numerical rating
scale. The degree of pain was assessed by a number
from 0 to 10 in which 0 was pain-free and 10 was
the highest pain intensity experienced by patients.
Individual patients specified their degree of pain: 0-4
was mild pain; 5-6 medium pain, and 7-10 severe
pain. Postoperative data was recorded which included
comprised peristalsis recovery time, exsufflation time,
time until off-bed, time until the first liquid and semiliquid intake, duration of hospital stay and the overall
hospitalization duration.
FOLFOX plan, XELOX plan and the Capecitabine
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Table 1 Clinical comparison of radical operation data for
rectal cancer

Table 2 Surgery index
LRR (n = 492) ORR (n = 424) P value

LRR (n = 492) ORR (n = 424) P value
Gender
Male
Female
Age (yr, mean ± SD)
BMI (kg/m2)
Preoperative comorbid
diseases
Hypertension
Coronary heart disease
Arrhythmia
COPD
Pulmonary infection
Asthma
Diabetes
Hepatic cirrhosis
Cerebral infarction
Renal failure
Autoimmune
Others
ASA score
Ⅰ
Ⅱ
Ⅲ

Previous abdominal surgery

301
243
191
181
64.5 ± 11.9
63.3 ± 12.3
23.274 ± 3.463
23.438 ± 3.533
52.8% (260/492) 58.7% (249/424)
60
37
21
10
3
2
42
4
20
17
5
39

57
34
20
13
5
3
70
3
6
7
0
31

109
321
62
75 (15.2%)

108
264
52
65 (15.3%)

Surgery duration (min)
Surgery bleeding (mL)
Maximum incision (cm)
Conversions to open
tumor diameter (cm)
Sample length(cm)
Proximal margin (cm)
Distal margin (cm)
Lymph nodes retrieved
(unit)

0.235
0.290
0.999
0.074

4.325 ± 1.8274
17.553 ± 5.7995
10.673 ± 5.2175
2.873 ± 2.4913
10.68 ± 6.321

0.914
0.182
0.567
0.022
0.338

3.533, Ⅰ stage 83 cases, Ⅱ stage 211 and Ⅲ stage
130 cases in TNM staging, with one-score 108 cases,
two-score 264 and three-score 52 cases in ASA scores.
The cases of previous abdominal surgery in ORR and
LRR group were 75 and 65. There was comparability
between the two groups in terms of age, gender,
tumor staging, ASA scores and so on (P > 0.05; see
Table 1).

0.971

LRR: laparoscopy in radical resection; ORR: open radical resection; BMI:
Body mass index; COPD: chronic obstructive pulmonary disease; ASA:
American Society of Anesthesiologists.

plan were regularly deployed in postoperative
chemotherapy for 6 mo, apart from cancer stage 0
and Ⅰ. The postoperative follow-up commonly involved
th
a clinical visit or telephone follow-up. As of 28
February 2014, the shortest follow-up duration was 2
mo, the longest 109 mo and the average 55 mo, with
a 95.1% follow up success rate.

Statistical analysis

SPSS Statistics for Windows, Version 17.0 (SPSS, Inc.,
Chicago, IL, United States) was used for analyses.
A t-test was used to analyze normally distributed
data and a Mann-Whitney U-test for other types of
2
distributions. A χ test was used to analyze count data.
P < 0.05 was considered to be statistically significant.
The survival cures for two group were used KaplanMeier method, and the log-rank test was applied to
analyze the differences between the results.

RESULTS
Of the 916-recorded cases, 492 cases were LRR. There
were 301 males and 191 females, aged 64.5 ± 11.9,
BMI index 23.274 ± 3.463, Ⅰ stage 93 cases, Ⅱ stage
218 cases and Ⅲ stage 181 cases in TNM staging, with
one-score for 109 cases, two-scores for 321 cases and
three-scores for 62 cases in ASA assessments. In 424
cases in the ORR group, there were 243 males and
181 females, aged 63.3 ± 12.3, BMI index 23.438 ±

WJG|www.wjgnet.com

164.86 ± 67.993 < 0.001
154.03 ± 154.545 < 0.001
13.8 ± 2.603 < 0.001

LRR: laparoscopy in radical resection; ORR: open radical resection.

0.498

Clinical data of patients

143.89 ± 50.865
111.54 ± 97.148
4.14 ± 0.738
12 (2.4%)
4.338 ± 1.6387
18.050 ± 5.1748
10.487 ± 4.2906
3.214 ± 1.8727
11.09 ± 6.503

Comparison of LRR and ORR operations

The operation time of LRR was shorter than ORR
(143.89 ± 50.865 min vs 164.86 ± 67.993 min),
with a difference that reached statistical significance
(P < 0.001). ORR produced more blood loss than
LRR (111.54 ± 97.148 mL vs 154.03 ± 154.545 mL)
and the difference was statistically significant (P <
0.001). Proximal and distal margins for both samples
were negative. The sample length obtained from LRR
and ORR were not significantly different (P = 0.182)
but the distal margin of LRR was longer compared to
ORR (3.214 ± 1.8727 cm vs 2.873 ± 2.4913 cm) the
difference being statistically significant (P = 0.022).
The average retrieved lymph node numbers during
LRR appeared to be slightly above ORR but it was not
statistically different (P = 0.338). In LRR there were
12 cases of conversion (2.4% conversion rate) to
open resection comprising 1 case of surgical bleeding,
6 cases of tight adhesion between the tumor and
surrounding tissues and 5 cases of serious abdominal
and pelvic adhesion. Table 2 summarizes these
operative results.

Pathology findings

After postoperative pathology, 88 cases were welldifferentiated, 285 cases moderately-differentiated,
86 cases poorly-differentiation and 33 cases of
mucinous cancer in LRR, while 92 cases were welldifferentiated, 237 moderately-differentiated, 72
cases poorly-differentiated and 23 cases of mucinous
cancer in ORR. The differences were not statistically
significantly different (P = 0.476). For TNM staging,
LRR contained 93 cases of Ⅰ stage, 218 cases of Ⅱ
stage and 181 cases of Ⅲ stage while ORR were 83
cases of Ⅰ stage, 211 cases of Ⅱ stage and 130 cases
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was statistically different. Table 5 shows the detailed
results.

Table 3 Pathology findings
LRR
Differentiation
Well-differentiated
Moderate-differentiation
Poorly-differentiated
Mucinous cancer
pT
T1
T2
T3
T4
pN
N0
N1
N2
Nx
Lymph node metastasis
Yes
No
TNM stage
Ⅰ
Ⅱ
Ⅲ

ORR

88
285
86
33

92
237
72
23

33
164
207
88

29
108
193
94

252
147
75
18

233
96
73
22

240
252

191
233

93
218
181

83
211
130

χ2

P value

2.495

0.476

7.468

0.058

6.865

0.076

Postoperative analgesics and pain scores

LRR was significantly less than ORR in terms of the
requirement for postoperative analgesic administration
(P < 0.001). The difference in the NRS postoperative
pain score between the 2 groups was statistically
significant showing that the degree of postoperative
pain for LRR was evidently less than that after ORR
(Table 6).

Economic cost

The overall hospitalization cost for LRR and ORR was
little different because although the operation costs of
LRR were more than ORR, the cost of medication for
LRR was lower than ORR. Thus, overall there was no
statistically significantly difference between the costs
of the operation as detailed in Table 7.

0.259

0.134

Post-operation survival

pT: pathology Tumor; pN: pathology Node; pM: pathology metastasis;
TNM: tumor node metastasis.

of Ⅲ stage cancer, but the apparent differences were
not statistically significant (P = 0.134). Table 3 shows
the results in detail.

Perioperative complications

There were 95 cases of perioperative complications
(19.3% incidence rate) for LRR which included: 3
cases of ureter injury, 2 cases of massive hemorrhage,
7 cases of postoperative bleeding, 3 cases of
anastomotic hemorrhage, 24 cases of anastomotic
leakage, 7 cases of incisional infection, 8 cases of
ileus, 1 case of pelvic abscess, 8 cases of pulmonary
infection, 2 cases of acute cardiac failure, 1 case of
deep vein thrombosis, and 1 case of lymphatic fistula.
For ORR, with (a 24.1% occurrence rate) there were
102 cases of perioperative complications in the ORR
group, which were: 1 case of ureter injury, 15 cases of
anastomotic leakage, 27 cases of incisional infection,
1 case of postoperative pelvic abscess, 9 cases of
inflammatory ileus, 10 cases of acute cardiac failure
and 2 cases of sudden death. The incidence rate of
perioperative complications in the LRR and ORR groups
were not significantly different (P = 0.081). Table 4
shows the results in detail.

Postoperative recovery

The duration of LRR was distinctly shorter than ORR
in terms of peristalsis recovery (P < 0.001), off-bed
time (P = 0.017), gastrointestinal decompression
(P < 0.001), retention catheterization (P < 0.001),
oral food time (P < 0.001), abdominal drainage (P =
0.008), hospital stay (P < 0.001) and various other
aspects. The difference in duration for the two groups
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A 95.1% patient follow-up was achieved with an
average duration time of 55 mo. For the total survival
rate, the 1-year overall survival rate for ORR and LRR
was 94.0% and 93.6% (P = 0.534), 3-year overall
survival rate 78.1% and 80.9% (P = 0.284) and the
5-year overall survival rate 75.2% and 77.0% (P =
0.416), respectively. In stage Ⅰ, the 1-year overall
survival rate for ORR and LRR was 93.8% and 99.2% (P
= 0.402), 3-year survival rate 91.6% and 90.3% (P =
0.774) and the 5-year survival rate 89.2% and 88.2%
(P = 0.837), respectively. In stageⅡ, the 1-year overall
survival rate for ORR and LRR was 92.8% and 94.7% (P
= 0.489), 3-year survival rate 79.1% and 86.2% (P =
0.052) and the 5-year survival rate 76.8% and 81.7%
(P = 0.140), respectively. For Stage Ⅲ, the 1 year
overall survival rate for ORR and LRR was 87.8% and
91.9% (P = 0.178), the 3-year survival rate 69.2%
and 70.7% (P = 0.777) and the 5-year survival rate
65.4% and 66.9% (P = 0.787), respectively. Refer to
Table 8 and the survival curves in Figures 1A-D for the
relevant data.

DISCUSSION
Due to advances in surgical techniques and medica
tion, the outcomes of rectal cancer treatment have
[20]
considerably improved . In spite of various published
[3,13]
studies
concerning the similar long-term outcomes
of rectal cancer produced by laparoscopic surgery, the
argument for choosing laparoscopy or open surgery
is still heated. In the latest randomized trial for rectal
cancer, it was reported that the disease-free survival
(DFS) and overall survival rates for LRR and ORR
[20]
group were similar . In our current trial, we studied
the advantages and disadvantages of laparoscopic vs
an open operation, and have retrospectively compared
perioperative complications, postoperative recovery,

13536

December 28, 2015|Volume 21|Issue 48|

Huang C et al . Clinical comparison in rectal cancer
Table 4 Perioperative complications for the 2 groups n (%)

Occurrence rate of perioperative complications
Intraoperative complications
Massive hemorrhage (> 1000 mL)
Organ injury
Equipment disorders
Other
Post-operative complications
Anastomotic leakage
Wound infection
Ileus
Anastomotic hemorrhage
Pelvic abscess
Abdominal hemorrhage
Peritonitis/septic shock
Incisional/port herniation
Deep vein thrombosis
Lymphatic fistula
Pulmonary infection
Acute cardiac failure
Urinary infection
Incision split
Sudden death

LRR (n = 492)

ORR (n = 424)

χ2

P value

19.3% (95/492)
10 (2)
2 (0.41)
3 (0.61)
4 (0.81)
3 (0.61)
85 (17.3)
24 (4.88)
7 (1.42)
8 (1.63)
3 (0.61)
1 (0.20)
7 (1.42)
9 (1.83)
4 (0.81)
1 (0.20)
1 (0.20)
8 (1.63)
2 (0.41)
4 (0.81)
4 (0.81)
2 (0.41)

24.1% (102/424)
4 (0.9)
1 (0.24)
2 (0.47)
0
1 (0.24)
98 (23.31)
15 (3.54)
27 (6.37)
9 (2.12)
2 (0.47)
1 (0.24)
4 (0.94)
7 (1.65)
10 (2.36)
0
0
2 (0.47)
10 (2.36)
4 (0.94)
5 (1.18)
2 (0.47)

3.041
1.795

0.081
0.180

4.853

0.028

LRR: laparoscopy in radical resection; ORR: open radical resection.

Table 5 Postoperative recovery

Table 6 Postoperative analgesics and pain scores

LRR (n = 407) ORR (n = 326) P value
Peristalsis recovery (d)
Exsufflation recovery (d)
Off-bed (d)
Liquid intake (d)
Semi-liquid intake (d)
Abdominal drainage (d)
Retention catheterization
(d)
Post-op hospital stay (d)
Total hospital stay (d)

1.91 ± 0.89
3.03 ± 1.25
2.80 ± 1.26
3.90 ± 1.446
6.55 ± 1.910
9.48 ± 7.386
5.63 ± 3.613

2.41 ± 1.13
3.96 ± 1.53
3.38 ± 1.07
5.08 ± 1.763
7.59 ± 2.065
11.07 ± 10.484
6.67 ± 4.043

< 0.001
< 0.001
< 0.017
< 0.001
< 0.001
< 0.008
< 0.001

12.27 ± 3.156
21.50 ± 4.991

18.32 ± 5.406
25.81 ± 7.868

< 0.001
< 0.001

Analgesic usage
No
PCIA
Short-acting drug
Post-op pain degree
Mild
Medium
Severe

LRR
(n = 492)

ORR
(n = 424)

299
152
41

121
273
30

263
213
16

193
186
45

χ2

P value

95.31

< 0.001

21.43

< 0.001

LRR: laparoscopy in radical resection; ORR: open radical resection.

LRR: laparoscopy in radical resection; ORR: open radical resection; PCIA:
patient controlled intravenous analgesia.

economic costs, survival and so on, of rectal cancer
treated in our hospital from January 2006 to December
2013.
[5,7,21]
Based on published literature
, we understand
that the short-term outcomes of the LRR group are
superior to the ORR group. In early stage laparoscopic
radical rectal tumor surgery, much more time is
[9]
required than for an open operation . With the
improvement of medical devices, sufficient training
and accumulated experience, the operating time
between the two groups was shown to be similar
[22]
with no statistical significance . In the present
study, we found that the operating time of the LRR
group was shorter than that of the ORR group, with
statistical significance being achieved. It was reported
[18]
in COLOR Ⅱ
that the blood loss volume was much
less than that of open surgery proving definitively
that laparoscopic surgery is capable of decreasing the

hemorrhage volume. In the present study, the volume
of intraoperative bleeding in the LRR group was
clearly less than that in the ORR group. This finding
can probably be attributed to the fact that operators
benefit from the magnified view of laparoscopy, and
also improved equipment that can effectively stop
bleeding. The clearance and sufficient length of the
resected sample was markedly key for the success of
each operation. CLASICC showed that the resected
intestinal segment in laparoscopic and in open surgery
[9]
were similar in length , and our research verified
further that the lengths of the resected sample in the
LRR and ORR groups were similar, with no statistical
difference being found. However, we established that
the distal margin of tumor in the LRR group was longer
than in the ORR group and we hypothesized that the
difference between the two groups may be caused by
preponderant visualization of laparoscopy in the lower
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Table 7 Economic costs of the operations

Operation fee (RMB)
Medication (RMB)
Total hospitalization (RMB)

Table 8 Postoperative survival rates

LRR
(n = 492)

ORR
(n = 424)

P value

13628 ± 6771
15859 ± 10203
40889 ± 19356

10761 ± 5056
17562 ± 7006
42381 ± 17915

< 0.001
0.06
0.234

Ⅰ
Ⅱ
Ⅲ

Total survival rate
Post-op 3-yr

LRR: laparoscopy in radical resection; ORR: open radical resection.

Ⅰ

pelvis. It was illustrated in detailed by Schwandner et
[10]
al
that there was no difference in the lymph nodes
harvested in the two groups, findings consistent with
our data. The average lymph nodes retrieved from
LRR and ORR were 11.09 ± 6.503 and 10.68 ± 6.321
(P = 0.338) in our study, which suggested a small
disparity in the number of lymph nodes retrieved in
LRR compared to ORR.
The NRS pain score of the ORR group was much
higher than the scores of the LRR group (P < 0.001),
and the average postoperative analgesics usage for
LRR patients was much less than ORR patients (P
< 0.001). We conclude that the postoperative pain
degree of the LRR group was obviously milder than
in the ORR group, findings consistent with previous
[6,12,23]
reports
. Additionally, the recovery time of
intestinal function, off-bed time, regular food intake
time, hospital stay and other aspects were evidently
less than after ORR, which is in accordance with
[10]
[18]
Schwandner , COLOR Ⅱ and other reports.
It is well documented that the leading reasons
for conversion to open surgery included extensive
abdominal metastasis, over-sized tumors and a
confused anatomic relationship due to serious pelvic
[6,12,24-26]
adhesion, etc.
. The conversion rate was 2.44%
in the current research, which is lower than the welldocumented 5% of other studies. The potential cause
of this discrepancy could be due to the full assessment
of partial status for rectal tumor, the high admittance
standard for studied cases and the elimination of
advanced tumor patients from the study. In addition, a
large amount of laparoscopic radical surgery for rectal
cancer had been undertaken in our institute prior to
this study. Thus, we had had completed the study
curve and obtained extensive experience for a lower
conversion rate between the two surgical techniques.
Moreover, the incidence of perioperative complication
rates in the LRR group was similar to that in the ORR
[27]
group as previously reported , findings parallel to
our results, with no statistical significance between the
LRR (19.3%) and ORR (24.1%) groups.
Economic efficiency is also a vital appraisal index
for technology. It has been well documented that
the surgical expenses for laparoscopic are well above
those for open surgery due to its use of disposable
surgical instruments and higher anesthesia costs,
[28,29]
and technology equipment standards
. However,
Choi assumed that the surgical expenses only
consisted of partial expenses which should have
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LRR

ORR

P value

99.2%
94.7%
91.9%
93.6%

93.8%
92.8%
87.8%
94.0%

0.402
0.489
0.178
0.534

90.3%
86.2%
70.7%
80.9%

91.6%
79.1%
69.2%
78.1%

0.774
0.052
0.777
0.284

88.2%
81.7%
66.9%
77.0%

89.2%
76.8%
65.4%
75.2%

0.837
0.140
0.787
0.416

Post-op 1-yr

Ⅱ
Ⅲ

Total survival rate
Post-op 5-yr
Ⅰ
Ⅱ
Ⅲ

Total survival rate

LRR: laparoscopy in radical resection; ORR: open radical resection.

included anesthesia, inspection, medication, medical
[28]
care agents and other consumption goods . In our
research, LRR surgical expenses were a slightly more
costly than conventional procedures (P < 0.001) while
the medication required for LRR was less than that
of ORR, which possessed no difference of statistical
importance (P = 0.06). In general, there was no
obvious difference between LRR and ORR in terms of
total hospitalization costs (P = 0.234). Considering a
briefer hospital stay and quick recovery after LRR, the
nursing labor costs will be significantly lower, which
suggests that the laparoscopic approach is the most
cost effective.
Concerning the survival outcomes, various studies
have shown that the short-term survival and longterm survival between the LRR and ORR groups is
similar. The survival outcomes of the COREAN trial
revealed that the 3-year DFS rate was 72.5% in the
ORR group and therefore similar to that in the LRR
[30]
group (79.2%) . Based on published comparative
retrospective studies, we have found that the 5-year
DFS between the LRR and ORR groups was separately
[31]
82% and 79% with no statistical difference .
Importantly, a randomized multicenter study revealed
that the DFS rates for LRR and ORR group were 74.8%
and 70.8% respectively, and that the overall survival
rates for the LRR and ORR group were 86.7% and
[20]
83.6%, with no statistical difference being detected .
In the present study, the follow-up duration of the 2
groups was 55 mo in total, with a 95.1% follow-up rate
being achieved. We have illustrated that the 1-, 3- and
5-year survival rate between the ORR and LRR groups
were not statistically significant (94.0% vs 93.6%, P =
0.534; 78.1% vs 80.9%, P = 0.284; 75.2% vs 77.0%,
P = 0.416), findings similar to the published literature.
The results here suggest that the laparoscopic radical
operation is analogous to open resection and has prior
immediate and long-term clinical effects. It may be
related to the proficiency of laparoscopic techniques
as well as the relatively protective functions of
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Figure 1 Different stages of postoperative survival status. A: Stage Ⅰ postoperative survival status; B: Stage Ⅱ postoperative survival status; C: Stage Ⅲ
postoperative survival status; D: Overall postoperative survival status for both groups. LRR: laparoscopy in radical resection; ORR: open radical resection.

laparoscopy for its less interference in cell immunity
functions. Thus, the long-term survival of laparoscopic
patients for rectal cancer proved equal to those given
open operations.
In this original clinical research, we conclude that
a laparoscopic-assisted operation has more benefits
due to reduced trauma, less postoperative pain and
a reduced stay in hospital, as well as faster recovery
from radical rectal malignancy therapy. It is clear
that the surgical scope and radical effects of tumors
were similar in the laparoscopic and open resection
techniques. In addition, overall hospitalization
expenses, immediate perioperative complications
and the long-term survival rates of patients who
experienced laparoscopic surgery closely resembled
the conventional operation. Thus, laparoscopic surgery
may become the most effective therapy for rectal
malignancy in the future.

As we all know, the argument for choosing laparoscopy or open surgery in
rectal cancer is heated due to the inconsistent outcomes reported by different
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Research frontiers

The outcomes between LRR group and ORR group in rectal cancer was
inconsistent. their study compared the short-term and long-term outcomes
between LRR group and ORR group, and concluded the similar results reported
in the lasted randomized trial for rectal cancer.

Innovations and breakthroughs

It is a retrospective case-control study performed in rectal cancer with different
operations, and the authors compared the short-term and long-term outcomes
between the LRR group and ORR group.

Applications

The outcomes between LRR group and ORR group in rectal cancer verified that
the laparascopic surgery could have a better result than open surgery. It may
affect the choice of surgery in rectal cancer.

Terminology

COMMENTS
COMMENTS
Background

research centers. In the latest randomized trial for rectal cancer, it was reported
that the disease-free survival (DFS) and overall survival rates for laparoscopy
in radical resection (LRR) and open radical resection (ORR) group were similar.
In this study, they compared the short-term outcomes and long-term outcomes
between the LRR group and ORR group.

conventional vs laparoscopic-assisted surgery in colorectal cancer and
colorectal cancer laparoscopic or open resection: Two trials mainly compared
the survival of overall survival, disease-free survival, progression-free survival
between the LRR and ORR groups in colorectal cancer.
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Peer-review

The authors conducted a clinical retrospective study to compare the short and
long-term outcomes between laparoscopic and open surgery for rectal cancer
in the Chinese population. They concluded that the laparoscopic resection as a
radical operation was safe and effective, while the long-term survival of patients
treated with laparoscopic surgery was similar to those with open surgery.
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Abstract
AIM: to determine the feasibility and effectiveness of
endoscopic resection for the treatment of colorectal
granular cell tumors (GCTs).

Data sharing statement: No additional data are available.

METHODS: This was a retrospective study performed
at a single institution. From January 2008 to April 2015,
we examined a total of 11 lesions in 11 patients who
were treated by an endoscopic procedure for colorectal
GCTs in the Endoscopy Center, Zhongshan Hospital of
Fudan University, Shanghai, China. Either endoscopic
mucosal resection or endoscopic submucosal dissec
tion (ESD) was performed by three surgeons with
expertise in endoscopic treatment. The pre- and postoperative condition and follow-up of these patients
were evaluated by colonoscopy and endoscopic
ultrasonography (EUS).
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selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/

RESULTS: Of these 11 lesions, 2 were located in the
cecum, 3 were in the ileocecal junction, 5 were in
the ascending colon, and 1 was in the rectum. The
median maximum diameter of the tumors was 0.81 cm
(range 0.4-1.2 cm). The en bloc rate was 100%, and
the complete resection rate was 90.9% (10/11). Postoperative pathology in one patient showed a tumor
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at the cauterization margin. However, during ESD,
this lesion was removed en bloc , and no tumor tissue
was seen in the wound. No perforations or delayed
perforations were observed and emergency surgery
was not required for complications. All patients were
followed up to May 2015, and none had recurrence,
metastasis, or complaints of discomfort.

A

CONCLUSION: Endoscopic treatment performed by
endoscopists with sufficient experience appears to be
feasible and effective for colorectal GCTs.
Key words: Endoscopic submucosal dissection; granular
cell tumors; Endoscopic mucosal resection; colorectal
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© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Granular cell tumors (GCTs) are asymptomatic
and are potentially malignant, which can pose a significant
diagnostic and therapeutic challenge for endoscopists. The
development of endoscopic techniques has had a marked
influence on the diagnosis and treatment of colorectal
submucosal tumors. We determined the feasibility and
effectiveness of endoscopic resection for the treatment of
colorectal GCTs. We conclude that endoscopic resection
is safe and effective for treating colorectal GCTs,
which allows en bloc resection in one visit, with a clear
histological diagnosis, provides patients with a greater
degree of comfort and leads to a better compliance.
Take I, Shi Q, Qi ZP, Cai SL, Yao LQ, Zhou PH, Zhong YS.
Endoscopic resection of colorectal granular cell tumors. World J
Gastroenterol 2015; 21(48): 13542-13547 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i48/13542.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i48.13542

INTRODUCTION
Granular cell tumor (GCT) is an uncommon, potentially
malignant, asymptomatic mesenchymal tumor
[1,2]
arising from Schwann cells
. In the gastrointe
stinal tract, GCTs often appear as a round, yellowish
submucosal nodule covered by normal mucosa
[3-5]
during endoscopy . The development of endoscopic
techniques and immunohistochemical analysis has had
a marked influence on the diagnosis and treatment of
[6-9]
gastrointestinal tract submucosal tumors (SMT) .
Recently, there have been many reports on upper
[3,9-11]
gastrointestinal GCTs
; however, there are few studies
on colorectal GCTs. The present study was conducted to
evaluate the feasibility and effectiveness of endoscopic
resection for the treatment of colorectal GCTs.

MATERIALS AND METHODS
Patient information

During a 7-year period between January 1, 2008
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Figure 1 Preoperative examination. A: A 0.8 cm submucosal lesion was
observed 60 cm from the anal verge (ascending colon). The mass was sessile,
the mucosal surface was smooth, with non-necrotic erosion, and was noncircumferential. B: Ultrasonographic examination revealed a 0.5 cm hypoechoic
submucosal lesion without muscularis propria involvement.

and April 30, 2015, a total of 531 colorectal SMTs
were treated at the Endoscopy Center of Zhongshan
Hospital of Fudan University, Shanghai, China. A
computer search of the SMT pathology files was
carried out to determine GCTs arising in the colon,
and 11 cases were identified. Patient demographics,
pathological data and surgery reports were obtained
for all cases (Table 1). All the GCTs were discovered
incidentally during endoscopy performed as a screening
examination or for unrelated indications. All patients
were informed about the option of endoscopic surgery
and provided written informed consent.

Preoperative management

Lesion size, location, color, and surface conditions,
with or without ulceration were recorded. Endoscopic
ultrasonography (EUS) (Figure 1) was performed to
evaluate the depth and echo of the lesion. All patients
were asked to finish bowel preparation according to
established principles for colorectal surgery.

Endoscopic equipment and accessories

Standard single-accessory-channel endoscopy
(GIT-H260; Olympus, Tokyo, Japan), and AQ100
(Aohua, Shanghai, China) were used during the
procedures. A short, transparent cap (ND-201–11802;
Olympus) was attached to the front of the endoscope
to provide a constant endoscopic view and to apply
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Table 1 Clinicopathologic features of 11 patients with colorectal granular cell tumors
Patient
number
1
2
3
4
5
6
7
8
9
10
11

Gender

Age (yr)

F
F
M
M
F
M
M
F
M
F
M

27
33
42
47
51
49
48
37
49
45
60

Location

Cecum
Ascending colon
Ileocecal junction
Cecum
Ascending colon
Rectum
Ascending colon
Ascending colon
Ileocecal junction
Ileocecal junction
Ascending colon

En bloc

Maximum
tumor size
(cm)

Treatment
methods

Length of stay
(d)

resection

1.0
0.4
0.6
0.6
0.6
0.8
0.7
0.8
1.0
1.2
1.2

EMR
EMR
EMR
ESD
EMR
ESD
ESD
ESD
ESD
ESD
ESD

0
1
0
1
0
1
2
1
0
1
1

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Margin

S-100

Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Negative

+
++
+
++
+
+
+
++
++
++
+++

M: Male; F: Female; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

tension to the connective tissues during dissection. An
IT-knife and/or a hook-knife (KD-611 and KD-620LR;
Olympus) was used to dissect the submucosal layer
and to peel the tumor. The high-frequency generator
used was the HybridKnife system (ERBE, Tuebingen,
Germany). Other equipment included injection needles
(NM-4L-1), snares (SD-230U-20), hot biopsy forceps
(FD-410LR), and clips (HX-610–135) (all from Olympus).

Endoscopic resection

All procedures were performed under general anesthesia
by three surgeons with expertise in endoscopic treatment
(Zhou PH, Yao LQ and Zhong YS).

Endoscopic mucosal resection procedure

Endoscopic mucosal resection (EMR) procedures were
performed in a standardized manner as follows: (1)
Marking; marking dots were made approximately
5-10 mm from the lesion by argon plasma coagulation
(APC); (2) Submucosal injection; several milliliters of
solution (100 mL saline, 5 mL 0.8% indigo carmine,
and 1 mL of epinephrine) were injected around the
lesion using a 23-gauge disposable needle; (3) Snare
resection; an endoloop was used to snare and ligate
the lesion with the aid of suction, and then the lesion
was completely resected; and (4) Closure; exposed
vessels on the artificial ulcer were coagulated with APC
or hot biopsy forceps to prevent delayed bleeding, and
metallic clips were always used to close the deeply
dissected areas.

Endoscopic submucosal dissection procedure

The following steps were used in this procedure (Figure
2): (1) Marking; (2) submucosal injections were the
same as for EMR; (3) Circumferential incision; we
used an IT knife or a hook knife to cut the mucosa
initially along the marked points; (4) Strip lesions; the
submucosal connective tissue beneath the lesion was
gradually dissected with the aid of the transparent cap;
the above-mentioned solution was injected repeatedly
during the dissection when necessary; direct dissection
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of the submucosal layer was carried out until complete
removal was achieved; and (5) Closure was the same
as for EMR.

Postoperative management and follow-up

Patients were allowed oral intake from the second
day unless serious complications occurred. Antibiotics
(second-generation cephalosporins, such as celaclor
or cefuroxime) and hemocoagulase injections (etham
sylate or P-aminomethybenzoic acid) were routinely
administered after the procedure.

Pathologic evaluation

Tissue specimens were fixed to a plastic foam plate
using thin needles along their edges and were then
fixed in formalin solution. Processing of the resected
specimens and histopathological evaluations were
performed after endoscopic resection by highly
experienced pathologists. A resection with a tumorfree margin in which both the lateral and basal margins
were free of tumor cells was considered a complete
resection. A resection in which the tumor extended
into the lateral or basal margin or in which the margins
were indeterminate due to artificial burn effects was
considered an incomplete resection and recommended
for surgical intervention.

RESULTS
Of the 11 colorectal GCTs in 11 patients, 2 (18.2%)
were located in the cecum, 3 (27.3%) were in the
ileocecal junction, 5 (45.4%) were in the ascending
colon, and 1 (9.1%) was in the rectum. The median
maximum diameter of the tumors was 0.81 cm (range
0.4-1.2 cm).
All patients underwent endoscopic resection,
including 4 cases of EMR and 7 cases of endoscopic
submucosal dissection (ESD). Each lesion was
removed by en bloc resection, which was defined as
no tumor identified at the resection site by endoscopy.
All lesions were submucosal without muscularis layer
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B

C

D

E

F

Figure 2 Endoscopic submucosal dissection procedure. A: A 1.0 cm × 1.2 cm hemispherical submucosal lesion which had a hard texture, fixed, smooth surface,
was observed in the ileocecal junction; B: Saline solution with a small amount of epinephrine and indigo carmine was injected beneath the lesion, and resulted in good
elevation; C: Complete dissection of the lesion after circumferential incision; D: The lesion was completely removed without any bleeding or perforation; E: Pursestring suture with metallic clips and endoloop; F: Dissected specimen was sent for pathologic examination.

invasion. There were 10 (90.9%) complete resections,
which were defined as no granular cell tissue seen
microscopically at the resection margin. Post-operative
pathology of one lesion showed that the tumor was
seen at the cauterization margin, indicating incomplete
resection. However, during ESD, this lesion was
removed en bloc, and no tumor tissue was seen in
the wound. The patient refused surgery or any other
additional treatment after a full discussion with his
physician. There was no recurrence in this patient
during close follow-up.
The procedures were successful, with no perfora
tions, endoscopically uncontrolled bleeding, or any
other severe adverse events requiring emergency
surgery. The patients did not experience abdominal
pain, abdominal distension, or any sign of peritonitis
after endoscopic surgery. All samples were diagnosed
as GCTs by hematoxylin and eosin (HE) staining and
immunohistochemical (IHC) analysis (Figure 3).
One rectal GCT patient received a follow-up
endoscopy one week after ESD. In the examination
up to the rectum, wound healing was satisfactory, dry,
and no bleeding was seen. In May 2015, all patients
were followed up by telephone, and none complained
of discomfort, including hematochezia or changed
bowel habits. All 11 patients underwent complete
colonoscopy up to the ileocecal junction annually after
endoscopic treatment and no abnormalities were
observed.

WJG|www.wjgnet.com

DISCUSSION
GCTs often occur in the tongue and the skin,
and approximately 1%-8% of GCTs occur in the
[2,12]
gastrointestinal tract
, one-third of which occur in
[3,9,11]
the esophagus
. Colorectal GCTs are even rarer.
With improvements in endoscopy and IHC, there is the
potential for an increase in the identification of GCTs
in the gastrointestinal tract. Based on our experience,
colorectal GCTs are found more frequently in the
ileocecal junction and ascending colon. Of the 11
colorectal GCTs in the present study, 2 (18.2%) were
located in the cecum, 3 (27.3%) were in the ileocecal
junction, 5 (45.4%) were in the ascending colon, and
1 (9.1%) was in the rectum.
Most GCTs are asymptomatic and are clinically
insignificant. However, 1%-3% of all GCTs have
[13,14]
malignant potential
, thus it is essential to disting
uish them from other benign or malignant lesions.
Malignant GCTs are often larger than 5 cm, have an
unclear margin with the surrounding tissue, invade
fat and/or muscle tissue, and are strongly positive for
S-100 and neuron-specific enolase on IHC. Neither
biopsies nor EUS can reliably distinguish benign GCTs
from malignant GCTs; therefore, GCTs can pose a
significant diagnostic and therapeutic challenge for
endoscopists.
For asymptomatic and relatively small gastro
intestinal SMTs, clinical follow-up is standard care.
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A

B

Figure 3 Pathologic findings. A: Infiltrative growth pattern of colorectal granular cell tumor (× 400); B: Tumor cells were strongly positive for cytoplasmic S-100
protein (+++) (× 400).

This usually requires patients to undergo multiple
endoscopies, which often leads to noncompliance.
Furthermore, histopathological diagnoses of SMTs
are unobtainable unless the lesion is removed.
Endoscopic resection has the advantage of being a
minimally invasive technique, which typically results in
a shorter operation time, minor post-operative pain,
shorter hospital stay, and lower cost than traditional
[15,16]
surgery
. EMR and ESD are both safe and effective
[17-19]
for treating superficial gastrointestinal SMTs
.
All our 11 colorectal GCTs evaluated were sub
mucosal without muscularis layer involvement. In view
[17,18,20]
[21,22]
of our results
and those in other studies
,
ESD and EMR are both suitable for GCTs less than 2
cm, as their complication rates and long-term outcomes
are equivalent. In the present study, the lesions were
approximately 1 cm; and the median maximum
diameter of the tumors was 0.81 cm (range 0.4-1.2
cm). Eleven lesions were removed en bloc by both ESD
and EMR, and the en bloc resection rate was 100%.
Post-operative pathology showed a complete resection
rate of 100% (4/4) for EMR, and 85.7% (6/7) for ESD.
None of the patients in the two groups experienced
bleeding, perforation, or disease progression. For
lesions larger than 1 cm and/or closely related with the
muscularis propria, we suggest performing ESD. During
excavation, using the knife to dissect the submucosal
connective tissue, the complete tumor capsule must
be preserved and perforation avoided. Post-operative
pathology showed a positive margin in only one patient;
however, ESD achieved en bloc resection, and no tumor
tissue was seen in the wound. The patient refused
surgery after a full discussion with his physician. No
recurrence was observed in this patient during close
follow-up.
The main complication of endoscopic treatment for
colorectal SMTs is perforation; this is also the bottleneck
which limits endoscopic treatment of colorectal SMTs.
With the widespread use of endoscopic full-thickness
resection for gastric SMTs and improvements in
[7,8,17]
suturing techniques
, colorectal defect repair skills
have also significantly improved. Common endoscopic
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suture methods suitable for colorectal defect repair
include: (1) clipping; (2) clipping then strengthening
with the endoloop; (3) purse-string suture with
metallic clips and endoloop; and (4) interrupted suture
[23]
with endoloop and metallic clips . Furthermore, we
have reported the submucosal tunneling endoscopic
[7]
resection for the treatment of rectal SMTs , which
solves the problem of difficulties in complete closure
using the endoscopic suture technique. By mastering
such techniques, breaking through the bottleneck can
lead to expanded indications for endoscopic treatment,
and the successful treatment of colorectal SMTs using
minimally invasive endoscopic techniques.
Endoscopic resection is a safe, feasible and effective
treatment for colorectal GCTs, allows en bloc resection
in one visit, and a clear histological diagnosis.
In conclusion, endoscopic treatment performed by
endoscopists with sufficient experience appears to be
feasible and effective for colorectal GCTs.
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Abstract
AIM: To evaluate the effect of first line esomeprazole
(EPZ)-based triple therapy on Helicobacter pylori (H.
pylori ) eradication.
METHODS: A total of 80 Japanese patients with
gastritis who were diagnosed as positive for H. pylori
13
infection by endoscopic biopsy-based or C-urea breath
tests were included in this study. The average age of
the patients was 57.2 years (male/female, 42/38).
These patients were treated by first-line eradication
therapy with EPZ 40 mg/d, amoxicillin 1500 mg/d,
and clarithromycin 400 mg/d for 7 d. All drugs were
given twice per day. Correlations between H. pylori
eradication, CYP2C19 genotype, and serum pepsinogen
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(PG) level were analyzed. This study was registered
with the UMIN Clinical Trials Registry (UMIN000009642).
RESULTS: The H. pylori eradication rates by EPZbased triple therapy evaluated by intention-to-treat
and per protocol were 67.5% and 68.4%, respectively,
which were similar to triple therapies with other
first-generation proton pump inhibitors (PPIs). The
eradication rates in three different CYP2C19 genotypes,
described as extensive metabolizer (EM), intermediate
metabolizer, and poor metabolizer, were 52.2%, 72.1%,
and 84.6%, respectively. The H. pylori eradication
rate was significantly lower in EM than non-EM (P <
0.05). The serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio were
significantly increased after eradication of H. pylori (P <
0.01), suggesting that gastric atrophy was improved by
H. pylori eradication. Thus, first-line eradication by EPZbased triple therapy for patients with H. pylori -positive
gastritis was influenced by CYP2C19 genotype, and the
eradication rate was on the same level with other firstgeneration PPIs in the Japanese population.
CONCLUSION: The results from this study suggest
that there is no advantage to EPZ-based triple therapy
on H. pylori eradication compared to other firstgeneration PPIs.
Key words: CYP2C19 ; esomeprazole; Helicobacter
pylori ; pepsinogen; proton pump inhibitor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esomeprazole (EPZ) is considered to be more
effective for inhibition of gastric acid secretion than
other first-generation proton pump inhibitors (PPIs)
because its metabolism is not influenced by CYP2C19
genotype. In the present study, however, first-line
eradication by EPZ-based triple therapy for patients
with Helicobacter pylori (H. pylori )-positive gastritis was
influenced by CYP2C19 genotype, and the eradication
rate was on the same level with triple therapies with
other first-generation PPIs in the Japanese population.
Unlike previous studies, our results suggest that
there is no advantage for EPZ-based triple therapy on
H. pylori eradication in comparison with other firstgeneration PPIs.
Saito Y, Serizawa H, Kato Y, Nakano M, Nakamura M, Saito
H, Suzuki H, Kanai T. First-line eradication for Helicobacter
pylori-positive gastritis by esomeprazole-based triple therapy is
influenced by CYP2C19 genotype. World J Gastroenterol 2015;
21(48): 13548-13554 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i48/13548.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i48.13548

INTRODUCTION
Helicobacter pylori (H. pylori) is one of the most
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prevalent bacterial pathogens and is associated with
upper gastrointestinal disorders, such as gastritis,
peptic ulcers, functional dyspepsia, gastric mucosaassociated lymphoid tissue lymphoma, and gastric
[1-3]
cancer . Eradication of H. pylori infection is reported
to be an effective approach to curing or preventing
[4,5]
these H. pylori-associated diseases
. One-week
of triple therapy with a proton pump inhibitor (PPI),
amoxicillin (AMPC), and clarithromycin (CAM) is
recommended as first-line H. pylori eradication therapy
and covered under the national health insurance
system in Japan. However, the eradication rates for H.
[6]
pylori have declined to approximately 70% .
The use of PPIs combined with antibiotics in H.
pylori eradication therapy has been demonstrated
to not only protect the stomach, but also increase
the eradication rate. As antibiotics are more stable
in higher pH gastric environments, strong gastric
acid inhibition increases the efficacy of H. pylori
eradication. The metabolism of first-generation PPIs
such as omeprazole (OPZ) is influenced by genetic
[7]
polymorphism of CYP2C19 . Based on the wild-type
allele (*1) and the two mutated alleles (*2 and *3) of
the CYP2C19 gene, patients can be categorized into
three groups: extensive metabolizer (EM; *1/*1),
intermediate metabolizer (IM; *1/*2 or *1/*3), and
poor metabolizer (PM; *2/*2, *2/*3, or *3/*3). As EM
metabolizes OPZ rapidly, the success rate of H. pylori
eradication by OPZ-based therapy in EM is lower than
[7-9]
that of PM .
Esomeprazole (EPZ), the S-isomer of OPZ, is
the most recent member of the PPI family and is a
more potent acid inhibitor than other first-generation
[10,11]
PPIs
. The metabolism of EPZ is considered to
be unaffected by CYP2C19 genotype. Indeed, recent
studies have reported that there were no significant
differences in H. pylori eradication by EPZ-based
therapy among EM, IM, and PM of the CYP2C19
genotype, and that EPZ showed better overall H. pylori
[9,12-14]
eradication rates than first-generation PPIs
.
[15]
However, Nishida et al
demonstrated that the H.
pylori eradication rate of EPZ-based triple therapy
was lower than lansoprazole (LPZ) in the Japanese
population. Thus, the effect of H. pylori eradication
by EPZ-based therapy is controversial. To evaluate
the effect of first line EPZ-based triple therapy on H.
pylori eradication, we investigated eradication rate,
CYP2C19 genotype, and serum pepsinogen (PG) level
in Japanese patients with H. pylori-positive gastritis.

MATERIALS AND METHODS
Patients and study design

A total of 80 Japanese patients with gastritis who
were diagnosed as positive for H. pylori infection by a
13
C-urea breath test (UBT) or endoscopic biopsy-based
test (i.e., histologic examination and H. pylori culture)
were included in this study. Patients were recruited
between January and September 2013 at the Kitasato
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Table 1 Serum pepsinogen level and Helicobacter pylori eradication in the extensive metabolizer group (CYP2C19 genotype: *1/*1)
Case

Age

PG Ⅰ/Ⅱ

Sex
Before eradication

E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13
E14
E15
E16
E17
E18
E19
E20
E21
E22
E23

45
39
59
58
50
43
63
56
36
75
67
64
48
50
67
34
63
71
55
56
80
53
43

F
M
M
M
F
F
F
F
F
F
M
M
M
F
M
F
M
F
M
M
M
M
F

3.6
3.3
3.1
2.9
2.2
2.2
1.6
2.8
2.2
2.5
3.7
0.8
3.4
4.3
3.5
3.0
3.1
1.2
2.4
2.0
1.7
2.2
2.2

UBT

Eradication

0.1
0.4
0.5
0.4
0.3
0.3
0.0
0.3
0.0
0.9
0.0
1.3
12.7
12.7
41.6
19.5
26.8
11.0
24.6
24.9
20.9
26.6
11.5

○
○
○
○
○
○
○
○
○
○
○
○
×
×
×
×
×
×
×
×
×
×
×

After eradication

1+
1+
1+
2+
2+
2+
3+
3+
1+
2+
2+
2+
2+

5.0
6.7
5.2
7.1
5.1
4.9
4.1
4.1
4.6
4.8
2.2
2.2
3.1
6.4
3.7
3.4
3.0
3.1
2.6
2.2
1.8
2.2
2.3

2+
2+
1+
1+
2+
2+
2+

(-), PG Ⅰ ≥ 70 ng/mL and PG Ⅰ/PG Ⅱ ratio ≥ 3.0; (1+), PG Ⅰ < 70 ng/mL and PG Ⅰ/PG Ⅱ ratio < 3.0; (2+), PG Ⅰ < 50 ng/mL and PG Ⅰ/PG Ⅱ ratio < 3.0;
(3+), PG Ⅰ < 30 ng/mL and PG Ⅰ/PG Ⅱ ratio < 2.0. Eradication (○) rate = 12/23 (52.2%). M: Male; F: Female; PG: pepsinogen; UBT: 13C-urea breath test.

Institute Hospital (Tokyo, Japan). The average age of
the patients was 57.2 years (male/female, 42/38).
These patients were treated by first-line eradication
therapy with EPZ 40 mg/d, AMPC 1500 mg/d, and
CAM 400 mg/d for 7 d. All drugs were given twice
per day. Three months after eradication, H. pylori
infection was validated by UBT. Correlations between
H. pylori eradication, CYP2C19 genotype, and serum
PG level were analyzed. The study was approved
by the ethics committee of the Kitasato Institute
Hospital, and written informed consent was obtained
from all patients prior to examinations. This study
was registered with the UMIN Clinical Trials Registry,
number UMIN000009642.

CYP2C19 genotyping

Blood samples were collected from the patients before
eradication therapy. The CYP2C19 genotyping for wildtype allele (*1) and two mutated alleles (*2 and *3)
was conducted by SRL (Tokyo, Japan). The patients
were categorized into three groups based on the
CYP2C19 genotype, EM (*1/*1), IM (*1/*2 or *1/*3),
and PM (*2/*2, *2/*3, or *3/*3).

Serum PG level

Serum PG Ⅰ and Ⅱ levels were measured before
and after eradication therapy. Gastric atrophy was
[16,17]
evaluated as described previously
: (-), PG Ⅰ ≥ 70
ng/mL and PG Ⅰ/PG Ⅱ ratio ≥ 3.0; (1+), PGI < 70
ng/mL and PG Ⅰ/PG Ⅱ ratio < 3.0; (2+), PG Ⅰ < 50
ng/mL and PG Ⅰ/PG Ⅱ ratio < 3.0; (3+), PG Ⅰ < 30
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ng/mL and PG Ⅰ/PG Ⅱ ratio < 2.0.

Statistical analysis

Data were analyzed using the SPSS statistics version
22 software package (IBM Corp., Armonk, NY, United
2
States). The data were also analyzed using χ test
and multiple logistic regression analysis. H. pylori
eradication rate was evaluated by intention-to-treat
(ITT) and per protocol (PP). Differences at p < 0.05
were considered significant.

RESULTS
Influence of CYP2C19 genotype on H. pylori eradication
by EPZ-based triple therapy

Among 80 patients who were treated by first-line
eradication therapy with EPZ, AMPC, and CAM, one
patient did not return for a UBT after the therapy.
The H. pylori eradication rates of this first-line
therapy evaluated by ITT and PP were 67.5% and
68.4%, respectively, which were similar to first-line
therapy with LPZ, AMPC, and CAM (67.5%) in the
Kitasato Institute Hospital. The results of CYP2C19
genotype and serum PG level in association with
H. pylori eradication are shown in Tables 1-3. The
eradication rates of first-line therapy with EPZ in the
three CYP2C19 genotypes, EM, IM, and PM, were
52.2% (12/23), 72.1% (31/43), and 84.6% (11/13),
respectively. The H. pylori eradication rate of EM was
significantly lower than that of non-EM (p = 0.048).
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Table 2 Serum pepsinogen level and Helicobacter pylori eradication in the intermediate metabolizer group (CYP2C19 genotype:
*1/*2, *1/*3)
Case

Age

Sex

PG Ⅰ/Ⅱ

CYP2C19 genotype
Before eradication

I1
I2
I3
I4
I5
I6
I7
I8
I9
I10
I11
I12
I13
I14
I15
I16
I17
I18
I19
I20
I21
I22
I23
I24
I25
I26
I27
I28
I29
I30
I31
I32
I33
I34
I35
I36
I37
I38
I39
I40
I41
I42
I43

61
66
65
71
59
62
67
64
64
34
52
64
55
58
66
47
42
53
56
51
62
39
63
53
45
55
50
55
53
64
66
53
61
44
51
28
70
70
65
45
78
45
70

F
M
F
F
M
M
M
F
F
M
M
M
M
M
F
M
M
M
M
F
F
F
F
F
M
M
M
M
F
M
F
M
M
F
F
F
M
F
M
F
F
F
M

*1/*2
*1/*2
*1/*2
*1/*2
*1/*3
*1/*3
*1/*2
*1/*2
*1/*2
*1/*2
*1/*2
*1/*2
*1/*3
*1/*2
*1/*3
*1/*2
*1/*3
*1/*2
*1/*3
*1/*2
*1/*2
*1/*2
*1/*3
*1/*2
*1/*2
*1/*2
*1/*2
*1/*2
*1/*2
*1/*2
*1/*2
*1/*3
*1/*2
*1/*2
*1/*2
*1/*3
*1/*3
*1/*2
*1/*3
*1/*3
*1/*2
*1/*2
*1/*3

2.6
3.6
2.5
3.5
2.2
3.3
4.9
2.8
3.2
3.1
3.7
3.6
2.0
3.8
1.4
4.0
2.8
2.3
2.0
1.1
2.3
2.7
2.1
2.3
2.4
2.6
1.8
1.3
1.7
1.2
0.8
4.1
4.2
3.2
2.4
2.2
2.7
2.5
3.1
2.8
0.8
1.5
1.1

1+
1+
1+
1+
1+
2+
2+
2+
2+
2+
2+
3+
2+
3+
3+
2+
1+
1+
3+
3+
3+

UBT

Eradication

1.1
0.0
0.2
0.9
1.1
0.0
0.3
0.5
0.1
0.3
0.8
0.2
1.1
0.6
1.0
0.0
0.4
0.8
2.4
0.0
0.3
0.4
0.1
0.3
0.6
0.5
0.6
0.0
0.4
1.5
1.4
49.8
24.8
44.5
21.7
43.6
9.3
39.2
28.0
13.0
4.1
17.0
37.4

○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
○
×
×
×
×
×
×
×
×
×
×
×
×

After eradication
4.5
6.0
4.1
7.4
5.3
8.3
5.0
5.2
5.4
6.9
4.9
4.5
4.7
9.4
3.7
5.4
5.3
3.7
4.0
3.3
4.1
6.0
4.0
4.1
4.9
4.2
3.9
3.6
2.9
2.5
0.8
4.5
3.2
3.2
3.1
2.2
2.7
2.0
3.0
2.5
1.4
1.6
1.1

2+
2+
3+
1+
1+
1+
2+
2+
3+
3+
3+

(-), PG Ⅰ ≥ 70 ng/mL and PG Ⅰ/PG Ⅱ ratio ≥ 3.0; (1+), PG Ⅰ < 70 ng/mL and PG Ⅰ/PG Ⅱ ratio < 3.0; (2+), PG Ⅰ < 50 ng/mL and PG Ⅰ/PG Ⅱ ratio < 3.0;
(3+), PG Ⅰ < 30 ng/mL and PG Ⅰ/PG Ⅱ ratio < 2.0. Eradication (○) rate = 31/43 (72.1%). M: Male; F: Female; PG: pepsinogen; UBT: 13C-urea breath test.

Influence of PG level on H. pylori eradication by EPZbased triple therapy

In addition to H. pylori infection, serum PG level
is associated with gastric mucosal atrophy and
gastric cancer risk, which is used for gastric cancer
[17-19]
screening
. Serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio
in association with H. pylori eradication are shown
in Tables 1, 2, and 3. Table 4 is a summary of PG Ⅰ
/Ⅱ ratio and H. pylori eradication. Serum PG Ⅰ level
and PG Ⅰ/Ⅱ ratio were significantly increased after
eradication of H. pylori (p = 0.007), suggesting that
gastric atrophy was improved by H. pylori eradication
therapy. We performed a multiple logistic regression
analysis to identify independent predictors associated

WJG|www.wjgnet.com

with H. pylori eradication. As shown in Table 5, only
CYP2C19 genotype was statistically significant as
an independent predictor associated with H. pylori
eradication.

DISCUSSION
EPZ is a second-generation PPI that is broadly used
for the treatment of acid-peptic diseases. It is believed
that EPZ is more effective for inhibition of gastric acid
secretion than other first-generation PPIs, because
it is the S-isomer of OPZ and its metabolism is not
affected by CYP2C19 genotype. Recent studies have
also shown that H. pylori eradication by EPZ-based
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Table 3 Serum pepsinogen level and Helicobacter pylori eradication in the poor metabolizer group (CYP2C19 genotype: *2/*2,
*2/*3, *3/*3)
Case

Age

PG Ⅰ/Ⅱ

CYP2C19 genotype

Sex

Before eradication
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13

64
46
64
63
62
64
63
77
68
60
57
65
38

F
M
F
F
F
M
M
F
M
M
M
F
F

*2/*2
*2/*2
*2/*2
*2/*2
*2/*3
*2/*3
*2/*2
*3/*3
*2/*2
*2/*2
*2/*2
*2/*2
*2/*2

3.6
4.0
2.2
2.1
2.3
2.2
2.7
1.7
1.3
0.6
4.1
2.0
2.3

1+
2+
2+
2+
2+
3+
2+
3+
1+
2+

UBT

Eradication

0.2
1.2
1.1
0.0
0.2
0.0
1.2
0.1
1.2
0.8
0.2
30.2
63.8

○
○
○
○
○
○
○
○
○
○
○
×
×

After eradication
5.8
5.5
3.8
3.9
4.2
5.0
4.9
2.9
1.9
1.4
ND
2.0
2.5

2+
3+
3+
ND
1+
1+

(-), PG Ⅰ ≥ 70 ng/mL and PG Ⅰ/PG Ⅱ ratio ≥ 3.0; (1+), PG Ⅰ < 70 ng/mL and PG Ⅰ/PG Ⅱ ratio < 3.0; (2+), PG Ⅰ < 50 ng/mL and PG Ⅰ/PG Ⅱ ratio <
3.0; (3+), PG Ⅰ < 30 ng/mL and PG Ⅰ/PG Ⅱ ratio < 2.0. Eradication (○) rate = 11/13 (84.6%). M: Male; F: Female; ND: not detected; PG: pepsinogen; UBT:
13
C-urea breath test.

Table 4 Correlation between pepsinogen Ⅰ/Ⅱ ratio and

Table 5 Multiple logistic regression analysis to identify
independent predictors associated with Helicobacter pylori
eradication

Helicobacter pylori eradication

PG Ⅰ/Ⅱ ratio

Eradication
Success
Failure
Total

Total

Increase

No change

Decrease

26
4
30

26
18
44

1
3
4

p value

Variable
53
25
78

CYP2C19 genotype (EM vs non-EM)

0.048

Age

0.603

Sex

0.637

Pepsinogen Ⅰ/Ⅱ before eradication

0.809

Serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio were significantly increased after
eradication of Helicobacter pylori (p < 0.01). PG: pepsinogen.

EM: extensive metabolizer.

therapy is not influenced by CYP2C19 genotype, and
that overall H. pylori eradication rates of EPZ-based
[9,12-14]
therapy was better than first-generation PPIs
. On
[11]
the other hand, Hunfeld et al revealed that the acidinhibitory effect of EPZ was influenced by CYP2C19
[15]
genotype. Nishida et al
demonstrated that the H.
pylori eradication rate of EPZ-based triple therapy was
lower than LPZ in the Japanese population. Thus, the
effect of EPZ-based therapy on H. pylori eradication is
controversial.
In this study we evaluated the influence of
CYP2C19 genotype in patients with H. pylori-positive
gastritis treated by EPZ-based triple therapy. Our
results demonstrated that the H. pylori eradication
rate was significantly lower in EM phenotype patients
having the wild-type CYP2C19 genotype, compared
to the non-EM patients with at least one mutant
allele (*2 and *3). The result of multiple logistic
regression analysis also showed that CYP2C19
genotype is an independent predictor associated with
H. pylori eradication. These findings suggest that EM
metabolizes EPZ more rapidly, and therefore plasma
concentrations of EPZ become lower, resulting in a
lower H. pylori eradication rate than that of non-EM.
[15]
Nishida et al
conducted a multicenter, randomized,
open-label, non-inferiority trial comparing EPZ and

LPZ in triple therapy for H. pylori eradication in Japan.
They reported that the H. pylori eradication rates of
EPZ-based triple therapy (69.4%/76.9%, ITT/PP) were
lower than LPZ-based triple therapy (73.9%/79.8%,
ITT/PP). In this study, the overall H. pylori eradication
rates of EPZ-based triple therapy were 67.5%/68.4%
(ITT/PP), which were similar to the previous report.
A recent study with a Japanese population has also
shown that the H. pylori eradication rates by the
regimen with rabeprazole, AMPC, and CAM were
[6]
73.3%/77.2% (ITT/PP) . Thus, these findings indicate
that the H. pylori eradication rate by EPZ-based triple
therapy is at the same level with triple therapies with
other first-generation PPIs.
Serum PG level is associated with gastric mucosal
[17-19]
atrophy and gastric cancer risk
. In the present
study, the serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio were
significantly increased after eradication of H. pylori,
suggesting that gastric atrophy was improved by H.
pylori eradication. Serum PG level and PG Ⅰ/Ⅱ ratio
can be noninvasive biomarkers for screening of gastric
atrophy and gastric cancer. H. pylori eradication has
clinical benefit for improvement of gastric mucosal
atrophy and prevention against gastric cancer.
In conclusion, first-line H. pylori eradication by
EPZ-based triple therapy was influenced by CYP2C19
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genotype, and the overall eradication rate was on
the same level with triple therapies with other firstgeneration PPIs in Japanese patients with H. pyloripositive gastritis. Unlike previous reports, the results
in this study suggest that there is no advantage to
EPZ-based triple therapy on H. pylori eradication in
comparison to other first-generation PPIs. Further
studies are needed in a large population of patients
in different countries before an accurate correlation
between the EPZ-based therapy and CYP2C19 genotype
is completed. Evaluation of CYP2C19 genotype and
serum PG level is important to develop more effective
personalized H. pylori eradication therapy with EPZ.

5
6
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Evaluation of CYP2C19 genotype and serum pepsinogen level is important to
develop more effective personalized H. pylori eradication therapy with EPZ.

12

Terminology

EPZ is the most recent member of the PPI family and is a more potent acid
inhibitor than other first-generation PPIs. The metabolism of first-generation
PPIs is influenced by genetic polymorphism of CYP2C19. Based on CYP2C19
genotype, patients can be categorized into three groups: extensive metabolizer,
intermediate metabolizer, and poor metabolizer.

13

Peer-review

This study reports that the second-generation PPI inhibitor, EPZ, has no
apparent advantage over triple therapies utilizing other first-generation PPIs for
overall eradication of H. pylori in patients with gastritis. The EPZ-based therapy
was influenced by the CYP2C19 genotype of the studied Japanese patients.
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Abstract
AIM: To assess the association of a surrogate of fatty
liver disease (FLD) with incident type-2 diabetes,
coronary heart disease, and all-cause mortality.
METHODS: In a prospective population-based study
on 1822 middle-aged adults, stratified to gender,
we used an algorithm of fatty liver index (FLI) to
identify associations with outcomes. An index ≥ 60
indicated the presence of FLD. In Cox regression
models, adjusted for age, smoking status, high-density
lipoprotein cholesterol, and systolic blood pressure,
we assessed the predictive value of FLI for incident
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diabetes, coronary heart disease (CHD), and all-cause
mortality.
RESULTS: At a mean 8 year follow-up, 218 and 285
incident cases of diabetes and CHD, respectively,
and 193 deaths were recorded. FLD was significantly
associated in each gender with blood pressure, total
cholesterol, apolipoprotein B, uric acid, and C-reactive
protein; weakly with fasting glucose; and inversely with
high-density lipoprotein-cholesterol and sex hormonebinding globulin. In adjusted Cox models, FLD was
(with a 5-fold HR) the major determinant of diabetes
development. Analyses further disclosed significant
independent prediction of CHD by FLD in combined
gender [hazard ratio (HR) = 1.72, 95% confidence
interval (CI): 1.17-2.53] and men (HR = 2.35, 95%CI:
1.25-4.43). Similarly-adjusted models for all-cause
mortality proved, however, not to confer risk, except for
a tendency in prediabetics and diabetic women.
CONCLUSION: A surrogate of FLD conferred significant
high risk of diabetes and coronary heart disease,
independent of some metabolic syndrome traits. Allcause mortality was not associated with FLD, except
likely in the prediabetic state. Such a FLI may reliably
be used in epidemiologic studies.
Key words: All-cause death; Coronary heart disease;
Hepatic steatosis; Metabolic syndrome; Turkish adult
risk factor study
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We prospectively assessed in 1822 adults the
association between a validated surrogate of fatty liver
disease (FLD) and the incidence of type-2 diabetes,
coronary heart disease (CHD), and all-cause mortality
by stratifying to gender and using adjusted Cox
regression models. At a mean 8 year follow-up, FLD
was the major determinant of developing diabetes and
was a significant predictor of CHD. Similarly-adjusted
models for all-cause mortality did not confer risk,
except for slightly in prediabetics and diabetic women.
Involvement of circulating lipoprotein(a) in autoimmune
activation may be an underlying mechanism. Such a
FLD surrogate may be used in epidemiologic studies.
Onat A, Can G, Kaya A, Akbaş T, Özpamuk-Karadeniz F, Şimşek
B, Çakır H, Yüksel H. Fatty liver disease: disparate predictive
ability for cardiometabolic risk and all-cause mortality. World J
Gastroenterol 2015; 21(48): 13555-13565 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i48/13555.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i48.13555

INTRODUCTION
Steatohepatitis designates fatty infiltration and
inflammation of the liver and has features closely
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[1]

associated with the metabolic syndrome (MetS) .
Liver biopsy, ultrasonography, serum liver enzymes
and, more recently, an algorithm-based surrogate
have been commonly used in identifying the presence
of non-alcoholic fatty liver disease (NAFLD) and its
relationship to adverse outcomes. As a growing
public health issue, NAFLD has been demonstrated
[2]
in the past decade to be associated with MetS ,
[3-5]
[6-9]
type-2 diabetes
, cardiovascular events
, and
[10-12]
chronic kidney disease
. A complex bidirectional
relationship between the development of diabetes
and progression to non-alcoholic steatohepatitis
promoting hepatic fibrogenesis and insulin resistance
[1]
has been identified . Risk of all-cause death is also
[13-15]
predicted by NAFLD
, but conflicting results have
[9,16]
been reported
regarding overall and cause-specific
mortality. Despite an increased association with
independent cardiovascular disease (CVD) prevalence
and NAFLD in United States adults (The National
Health and Nutrition Examination Survey (NHANES)Ⅲ), NAFLD did not predict mortality over a 14 year
[16]
period .
The complex inter-relationships between NAFLD,
[17]
visceral obesity, and insulin resistance
require
further elucidation. Since most of the prospective
studies on NAFLD have been performed in population
samples of Western Europe, United States, and East
Asia; investigation of different ethnicities is necessary
to clarify better variation in the relationship. The
controversial relationship between NAFLD and risk of
overall mortality, as compared to that of diabetes and
CVD, may be highly relevant for the pathophysiology
of the associations and possibly related to ethnic
differences.
[18]
Turkish adults are prone to MetS , diabetes
[19]
mellitus , and chronic hepatitis. Cardiovascular
risk profiles are characterized by a high prevalence
of abdominal obesity in males, overall obesity
in females, low high-density lipoprotein (HDL)cholesterol, high triglyceride, and intermediate total
cholesterol levels. Current smoking protects against
[18]
abdominal obesity . One-fifth of non-diabetic Turks
[20]
exhibit impaired fasting glucose . On one hand,
evidence is growing that microbiota contribute to
the pathogenesis of insulin resistance, abdominal
[1,21]
obesity, and progression of NAFLD
. On the other
hand, autoimmune activation based on enhanced
proinflammatory state may be a common mechanism
underlying these diseases in middle-aged and elderly
[22]
Turkish adults . Prospective evaluation of the same
sample regarding the relationships among fatty liver
disease (FLD), cardiometabolic disease risk, and allcause death might reveal novel information.
Clinical and epidemiological studies using an
algorithm-based surrogate of FLD to investigate
[13,23]
related outcomes have been published
. We,
therefore, aimed in this study to assess prospectively
and simultaneously the impact of an algorithmderived surrogate of FLD on diabetes, CHD, and overall
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mortality in a population-based sample representative
of middle-aged Turkish adults at a lengthy follow-up
period.

MATERIALS AND METHODS

Definitions

Population sample

The Turkish Adult Risk Factor Study is a prospective
survey on the prevalence of cardiac disease and
risk factors in adults in Turkey that has been carried
out periodically, almost biennially, since 1990 in 59
communities scattered throughout all geographical
[24]
regions of the country . It comprises a representative
sample of the Turkish adult population. Serum
γ-glutamyltransferase (GGT) determinations were
made in the 2003/04 survey, during which GGT was
measured in all 1822 participants who attended the
survey (examination in 60%) out of an eligible 3037
participants. Follow-up extended to the 2012/13
survey.
The survey conformed to the principles embodied
in the Declaration of Helsinki and was approved
by the Istanbul University Ethics Committee. All
individuals gave written consent to participation.
Data were obtained by history questionnaire, physical
examination of the cardiovascular system, sampling of
blood, and recording of a resting electrocardiogram.

Measurements of risk variables

Blood pressure (BP) was measured in the sitting
position on the right arm, and the mean of two
recordings at least 5 min apart was recorded. Waist
circumference was measured with a tape (Roche LI95
63B 00, Basel, Switzerland) with the subject standing
and wearing only underwear at the level midway
between the lower rib margin and the iliac crest. Selfreported cigarette smoking was categorized into never
smokers, former smokers (discontinuance for 3 mo
or longer), and current smokers (regularly 1 or more
cigarettes daily). Anyone who consumed alcohol at
least once a week was considered a user of alcoholic
drinks.
Biochemical parameters were assayed in a central
laboratory. Blood samples were shipped to Istanbul
and stored in deep-freeze at -75  ℃ until analyzed.
Serum concentrations of total and HDL-cholesterol
(directly without precipitation) and triglycerides
were determined using enzymatic kits from Roche
Diagnostics with a Hitachi 902 analyzer (Tokyo, Japan).
Concentrations of sex hormone-binding globulin
(SHBG) and total testosterone were determined by
the electrochemiluminescence immunoassay ECLIA
on Roche Elecsys 2010 (Roche Diagnostics). Serum
concentrations of apolipoprotein (apo) A-I, apo B,
lipoprotein (Lp)(a) and high-sensitivity C-reactive
protein (CRP) was measured with nephelometry by BN
ProSpec analyzer (Siemens Healthcare Diagnostics,
Munich, Germany). Serum GGT activity was assayed
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by Cobas c 501 analyzer (Roche Diagnostics GmbH).
Plasma fibrinogen was assayed by the modified
Clauss method using Fibrintimer Ⅱ coagulometer and
Multifibren U kit (Siemens Healthcare Diagnostics).

Individuals with diabetes were diagnosed with
[25]
criteria of the American Diabetes Association ,
namely plasma fasting glucose ≥ 126 mg/dl (or 2 h
postprandial glucose > 200 mg/dl) and/or the current
use of diabetes medication. Prediabetes was identified
by fasting glucose of 100-125 mg/dl. Individuals with
MetS were identified when three out of the five criteria
of the National Cholesterol Education Program (ATP Ⅲ)
were met, modified for prediabetes and for abdominal
obesity using ≥ 95 cm as cutoff point in men, as
[18]
assessed in the Turkish Adult Risk Factor study . For
women, the cutoff point ≥ 88 cm was retained based
on our own prospective analyses. Homeostatic model
assessment (HOMA) was estimated by the standard
equation using fasting glucose and insulin levels.
Identification of CHD was based on the presence
of angina pectoris, a history of myocardial infarction
with or without accompanying Minnesota codes of the
[26]
electrocardiogram (ECG) , or a history of myocardial
revascularization. Typical angina and, in women, age
> 45 years were prerequisite for a diagnosis when
angina was isolated. ECG changes of “ischemic type”
greater than minor degree (Codes 1.1-2, 4.1-2, 5.1-2,
7.1) were considered as myocardial infarct sequelae or
myocardial ischemia, respectively. Death was identified
via the information from first-degree relatives, records
of local health personnel, and/or the nation-wide
Identity Participation System.

Estimation of hepatic steatosis by an algorithm

We used a previously reported algorithm to detect
fatty liver based on body mass index (BMI), waist
[27]
circumference, triglycerides, and GGT
using the
following equation.
0.953 × loge (triglycerides) + 0.139 × BMI + 0.718 × loge (GGT) + 0.053 ×
= (e
waist circumference - 15.745
0.953 × loge (triglycerides) + 0.139 × BMI + 0.718
)/(1 + e
× loge (GGT) + 0.053 × waist circumference - 15.745
) × 100
In agreement with the authors, we used an index
< 30 to indicate absence of FLD, ≥ 60 for presence of
FLD, and 30-59 for probable presence of FLD.

Data analysis

Descriptive parameters are shown as mean ± standard
deviation or in percentages. Two-sided t-tests and
2
Pearson’s χ tests were used to analyze the differences
in means and proportions between groups. Due
to the skewed distribution, log-transformed values
were used for triglycerides, CRP, GGT, and Lp(a) for
analyses. Analysis of variance (ANOVA) was used to
detect difference across multiple groups, whereby a
difference between two groups was determined using
Bonferroni corrections. Estimates [and 95% confidence
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Table 1 Baseline characteristics of the study sample, by gender and fatty liver disease categories (n = 1822)
Men (n = 877)

n

Age, yr
Waist circumference, cm
Body mass index, kg/m2
Systolic BP, mmHg
Diastolic BP, mmHg
Total cholesterd, mg/dl
LDL cholesterd, mg/dl
HDL cholesterd mg/dl
Lipoprotein(a)1, mg/dl
Fasted glucose, mg/dl
F. triglyceride1, mg/dl
1
γ-glutamyl transferase , U/L
Fasted insulin, mIU/L
Apolipoprotein A-I, g/L
Apolipoprotein B, g/L
Creatinine, mg/dL
SHBG1, nmol/L
Testosterone1, nmol/L
Uric acid, mg/dl
C-reactive protein1, mg/L
Current; past smokers, %
CHD prevalence, n (%)

1822
1811
1808
1822
1822
1822
1424
1820
1186
1822
1413
1822
1636
1740
1759
1504
1304
1412
1821
1788
1817
1820

Women (n = 945)

No NAFLD Probable NAFLD
mean ± SD
mean ± SD
n = 198
n = 263

NAFLD
mean ± SD
n = 416

ANOVA
P value

52.8 ± 12.7
83.3 ± 8.1
24.1 ± 3.3
120 ± 18
75 ± 11
168 ± 34
108 ± 32
422 ± 12
8.3 × 2.74
99 ± 27
95 × 1.48
17 × 1.48
6.94 × 2.36
1.40 ± 0.24
0.942 ± 0.26
0.937± 0.17
43.8 × 1.7
19.2 × 4.2
5.51 ± 1.3
1.642 × 3.13
59.42; 18.8
5 (2.5)

51.7 ± 9.3
100.6 ± 9
30.9 ± 4
132.5 ± 23
85.6 ± 13.5
192 ± 39
1162 ± 33
35.3 ± 11
9.12 × 3.14
104 ± 37
174 × 1.72
37.2 × 1.87
11.02 × 2.02
1.3462 ± 0.24
1.09 ± 0.29
1.01 ± 0.37
33.42 × 1.63
15.1 × 3.3
6.362 ± 1.6
2.39 × 2.75
46.1; 25.4
31 (7.52)

0.16
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.037
< 0.001
0.34
0.099
< 0.001
< 0.001
< 0.001
0.042
< 0.001
0.023
< 0.001
0.16
< 0.001
< 0.001
0.037
0.02

53.4 ± 12
92.42 ± 7.4
27.22 ± 2.7
1262 ± 21
802 ± 11
1782 ± 34
112 ± 29
37 ± 11
7.76 × 2.77
100 ± 30
1262 × 1.55
21.92 × 1.59
8.00 × 2.00
1.35 ± 0.24
1.05 ± 0.19
0.976 ± 0.26
39 × 1.6
15.8 × 3.3
5.82 ± 1.3
1.93 × 3.0
47.5; 23.4
11 (4.2)

No NAFLD Probable NAFLD
NAFLD
ANOVA
mean ± SD
mean ± SD
mean ± SD P value
n = 252
n = 241
n = 452
47.5 ± 10.3
79 ± 9
26.2 ± 4.4
121 ± 19
77 ± 12
174 ± 34
1052 ± 28
47.7 ± 13
11.8 × 2.76
97 ± 19
87 × 1.47
12.9 × 1.62
6.98 × 1.87
1.55 ± 0.30
1.03 ± 0.27
0.80 ± 0.42
55.4 × 1.7
0.79 × 3.66
4.23 ± 1.2
1.41 × 3.15
27.42 ; 3.2
6 (2.4)

51.92 ± 10.5
892 ± 7.5
30.22 ± 3.8
1322 ± 24
832 ± 13
1902 ± 37
120 ± 33
46 ± 13
12.7 × 3.13
100 ± 31
1102 × 1.53
15.82 × 1.65
8.752 × 1.97
1.51 ± 0.26
1.04 ± 0.28
0.80 ± 0.44
46.22 × 1.7
0.70 × 3.1
4.62 ± 1.1
2.532 × 2.8
14.1; 3.3
11 (4.6)

54.8 ± 9.9
99.4 ± 9.7
34.5 ± 5.5
142 ± 27
88 ± 14
201 ± 41
126 ± 36
432 ± 12
10.47 × 2.9
1052 ± 35
148 × 1.69
24.5 × 1.87
11.0 × 1.87
1.50 ± 0.28
1.132 ± 0.31
0.805 ± 0.20
48.2 × 1.73
0.79 × 3.8
5.15 ± 1.4
3.75 × 2.65
10.2; 4.4
29 (6.4)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.11
0.001
< 0.001
< 0.001
< 0.001
0.082
< 0.001
0.98
< 0.001
0.50
< 0.001
< 0.001
< 0.001
0.056

1

log-transformed values, SD range is obtained by dividing or multiplying with the given SD; 2denote significant difference, from the remaining two
groups, those in italics borderline significant difference. NAFLD: non-alcoholic fatty liver disease; CHD: coronary heart disease; LDL: Low density
lipoprotein; BP: Blood pressure; HDL: High-density lipoprotein; SHBG: Sex hormone-binding globulin.

intervals (CI)] for relative risk (RR) of the dependent
variable were obtained by use of Cox proportional
hazard regression analyses in models that controlled
for potential confounders, including cardiovascular
risk factors and HOMA. A value of p < 0.05 on the
two-sided test was considered statistically significant.
Statistical analyses were performed using SPSS-10 for
Windows (SPSS Inc., Chicago, IL, United States).

RESULTS
The study sample consisted of 1822 middle-aged
adults (877 men and 945 women). CHD in 93 and
diabetes in 103 subjects were identified at baseline.
FLD was detected in 48% and there was no FLD in
one-quarter of the sample at baseline. Follow-up
averaged 8.0 ± 2.7 and 7.8 ± 2.8 years for mortality
and incident CHD, respectively, with similar gender
distribution (p = 0.52), yielding 14540 person-years
for mortality. Fourteen percent of men and 1% of
women were categorized as alcohol users. Six percent
of males used alcohol at a daily mean equivalent to
19 ml ethanol and the remainder much less. Liver
diseases of specific causes were not reported.
Table 1 shows the characteristics of the study
sample at baseline, stratified to gender and FLD
status. Significant differences in values across the sexspecific categories are noted in virtually all variables,
except creatinine and testosterone, as well as age,
fasting glucose, and Lp(a) in men. Notably, MetS traits
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were increased in subjects with FLD (blood pressure,
HDL-cholesterol and glucose [borderline in males]),
and insulin, apoB, SHBG, uric acid, and CRP levels
were elevated as well. A significantly higher proportion
of participants with no FLD were current smokers.
Pearson correlations of the fatty liver index
(FLI) with relevant variables in males and females
are provided in Table 2. BP, fasting insulin, total
cholesterol, apoB, uric acid, and CRP were positively
correlated, and SHBG and HDL-cholesterol were
inversely correlated, in each gender. Age and fasting
glucose were positive correlates in women alone, and
alcohol usage was a positive correlate in men, while
apoA-I, Lp(a), creatinine, and testosterone were not
correlated with the FLI.
Kaplan-Meier plots were constructed for survival
and survival free of diabetes/CHD, as seen in Figure 1.
These demonstrated significantly lower survival free of
diabetes and of incident CHD for participants with FLD
at baseline. Subjects categorized as probable FLD also
separated from those with no FLD in regard to CHD.
However, overall survival curves were similar in the
three groups.
Table 3 displays findings of Cox regression analyses
for the prediction by FLD of diabetes mellitus and CHD,
adjusted for five other conventional cardiovascular risk
factors and stratified to gender. It is evident that FLD
was (with a 5-fold relative risk) the major determinant
of the development of diabetes, besides (inversely)
serum uric acid. In regard to incident CHD, FLD proved
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A

Table 2 Pearson correlations of fatty liver index (n = 1822)
with relevant variables

Free of CHD

1.00

No FLD
Probable FLD
FLD

0.95

Age
Body mass index
Systolic BP
Diastolic BP
Total cholesterol
HDL cholesterol
C-reactive protein1
Apo A-I
Apo B
Lipoprotein(a)1
Fasting glucose
Sex h-b globulin1
Testosterone1
Uric acid
Creatinine
Fasting insulin
Alcohol usage

Women

n

r

n

r

877
869
877
877
877
877
864
841
844
549
877
623
642
869
735
775
873

-0.04
0.71
0.27
0.34
0.27
-0.22
0.16
-0.08
0.18
0.02
0.09
-0.23
-0.08
0.23
0.04
0.33
0.11

945
939
945
945
945
945
924
899
915
637
945
681
708
938
785
861
941

0.28
0.68
0.38
0.36
0.28
-0.19
0.41
-0.07
0.19
-0.05
0.12
-0.26
0.01
0.20
0.00
0.33
-0.06

0.90
Cum survival

Men

0.80
0.75
0.70

Log-rank < 0.001
Male 0.021
Female < 0.001
24

B

48

72

96

t /mo

120

144

168

Free of diabetes

1.0

No FLD
Probable FLD
FLD

0.9

1

DISCUSSION
In this follow-up analysis of a cohort representative of
middle-aged and elderly Turkish adults, we examined
the independent predictive value of FLD, derived from
a FLI, for the risks of type-2 diabetes, CHD, and overall
mortality. The FLI was correlated with MetS traits as
well as with markers of enhanced low-grade systemic

0.8

0.7

Log-rank < 0.001
Male < 0.001
Female < 0.001
24

C

48

72

96

t /mo

120

144

168

Survival

1.00

No FLD
Probable FLD
FLD

0.95
Cum survival

to be a significant predictor [hazard ratio (HR) = 1.72,
95%CI: 1.17-2.53] independent of age, presence of
diabetes, systolic BP, and current smoking.
With respect to overall mortality, however, age,
diabetes, and -in non-diabetic men- current smoking
were determinants, whereas FLD and HOMA index did
not emerge as independent predictors (Table 4). We
further analyzed similar regression models for mortality
stratifying to glucose categories (normoglycemia,
impaired fasting glucose and diabetes). Tendency to
excess independent mortality risk for FLD (HR = 2.69,
95%CI: 0.42-17) and HOMA index was restricted to
prediabetic men in whom age had an exceptionally
high HR. In women - albeit non-significant - increasing
HRs were noted for both FLD and HOMA index from
normoglycemia to diabetes categories.
In order to assess whether some of the components
of the FLI, rather than the overall algorithm, were
determinants of outcomes, we analyzed the Cox
models separately with the four components (Table 5).
These demonstrated a greater impact of triglycerides
and GGT levels and - to some extent - of abdominal
obesity but not of overall obesity, which interestingly
and significantly protected against risk of death.
Risk of death related to the three glucose categories
is schematized in Figure 2.

Cum survival

Coefficients in bold denote p ≤ 0.002, in italics p < 0.05. BP: Blood
pressure; HDL: high-density lipoprotein.
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0.85

0.90

0.85

0.80

Log-rank 0.53
Male 0.48
Female 0.43
0

24

48

72
96
t /mo

120 144 168

Figure 1 Diagram depicts Kaplan-Meier plots in the whole sample for
survival and (exclusive of those with diabetes/coronary heart disease)
survival free of diabetes/coronary heart disease. Significantly (Log-rank
< 0.001) lower survival free of diabetes and of incident CHD are noted for
participants with FLD at baseline. Subjects categorized as probable FLD
separated from those with no FLD in regard to CHD. However, no significant
difference was elicited (Log-rank 0.53) with respect to mortality. Log-rank values
were similar in the sexes. BP: Blood pressure; CHD: coronary heart disease;
FLD: fatty liver disease.

inflammation (total cholesterol, apoB, uric acid, CRP,
and SHBG levels). FLD was a powerful predictor of
incident diabetes and disclosed a nearly 2-fold relative
risk for CHD compared to participants without FLD.
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Table 3 Adjusted Cox regression analyses of fatty liver disease for prediction of type-2 diabetes and incident coronary heart
disease, by gender (and diabetic status)
Total

Men

HR
Diabetes n =
Gender, female
Age, 11 yr2
Current smoking, n = 480
Former smoking, n = 183
HDL-cholesterol, 12 mg/dL
Systolic BP, 25 mmHg
Uric acid, 1.3 mg/dL
Probable FLD, n = 423
FLD, n = 673
DM incid. per 1000 person-yr
CHD: Diabetic sample n =
Gender, female
Age, 11 years
Current smoking
Former smoking
Alcohol usage, yes/no
HDL-cholesterol, 12 mg/dL
Systolic BP, 25 mmHg
Uric acid, 1.3 mg/dL
Probable FLD
FLD
CHD inciden. per 1000 person-yr
CHD: Whole sample n =
Gender, female
Age, 11 yr
Current smoking
Former smoking
Alcohol usage, yes/no
HDL-cholesterol, 12 mg/dL
Systolic BP, 25 mmHg
Presence of diabetes
Probable FLD
FLD
CHD incid. per 1000 person-yr

95%CI
1

1.13
1.35
1.22
0.96
1.28
0.81
1.57
4.80

16.6
88/4091

93/783
0.90; 1.41
0.84; 2.16
0.72; 2.06
0.77; 1.21
1.03; 1.60
0.67; 0.97
0.72; 3.43
2.40; 9.59

1.27
1.46
1.36
0.58
0.90
0.98
0.73
1.68
4.61

25.3
237/15051

1.14
1.39
1.98
0.89
1.08
0.94
1.28
5.33

0.90; 1.80
0.68; 3.15
0.59; 3.13
0.14; 2.45
0.62; 1.28
0.60; 1.60
0.54: 0.999
0.56; 5.05
1.72; 12.4

1.54
1.80
0.92
0.79
1.04
1.31
1.81
1.79
2.35

18.9

0.90; 1.46
0.74; 2.69
0.72; 5.48
0.71; 1.10
0.88; 1.35
0.76; 1.15
0.52; 3.12
2.53; 11.2
14.5
43/2171

1.10
0.66
1.12

0.79; 1.56
0.25; 1.75
0.15; 8.52
No user
0.48; 0.99
0.65; 1.31
0.99: 1.84
0.42; 4.11
1.17; 8.35

0.69
0.93
1.35
1.32
3.12

27.4
104/716
0.96; 1.86
1.27; 1.71
1.06; 2.13
0.64; 1.63
0.37; 1.74
0.78; 1.02
1.08; 1.42
0.98; 2.13
0.83; 1.92
1.17; 2.53

95%CI
1

18.8
45/1921
0.55; 1.63
0.94; 1.49
0.64; 1.95
0.56; 2.31
0.12; 2.10
0.61; 1.00
0.72; 1.28
0.79: 1.23
0.66; 3.18
1.78; 7.23

1.34
1.48
1.50
1.02
0.80
0.90
1.25
1.44
1.26
1.72

HR

110/707
0.56; 1.20
0.97; 1.34
0.94; 2.00
0.83; 2.08
0.78; 1.06
1.00; 1.38
0.76; 0.996
0.80; 2.57
2.98; 8.14

0.95
1.18
1.12
1.13
0.50
0.78
0.95
0.98
1.45
3.59

95%CI
1

203/1490
0.82
1.14
1.38
1.32
0.91
1.16
0.87
1.44
4.93

Women

HR

23.4
133/7891
1.26; 2.00
1.12; 2.90
0.51; 1.64
0.36; 1.75
0.84; 1.28
1.12; 1.27
1.04; 3.17
0.92; 3.47
1.25; 4.43

1.43
1.13
1.82

1.17; 1.73
0.64; 1.98
0.79; 4.17
Too few
0.69; 0.98
1.05; 1.45
0.65; 1.95
0.57; 1.73
0.86; 2.35

0.81
1.25
1.13
0.99
1.42

17.5

19.7

1
Number of cases/number at risk; 2Referent was no FLD (n = 393 in the model for CHD). Mean age at baseline was 52.1 yr. Prevalent diabetes/coronary
diseases were excluded. HDL: high-density lipoprotein; FLD: fatty liver disease; CHD: coronary heart disease; BP: Blood pressure.

All-cause mortality, however, was not independently
related to baseline FLD, or to HOMA index, except
for disclosing a tendency in prediabetic men and a
tendency in women increasing in categories from
normoglycemia to diabetes. These findings are in
agreement with most previous reports and -regarding
mortality- with studies on general population samples.
We suspect the discrepancy between the relationship
to outcomes (mortality vs cardiometabolic risk)
in subjects with FLD is a consequence of (gendermodulated) circulating Lp(a) levels.

Correlation of FLI with MetS traits and low-grade
inflammation markers

The close association between impaired glucose
regulation and lipid metabolism with NAFLD is widely
[28]
recognized . It has been proposed that fatty liver
[2]
represents a (novel) component of the MetS .
Correlation of the FLI with MetS traits in the present
study is in line with this and other reports. The index
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was also significantly correlated with serum apoB, uric
acid, and CRP and inversely correlated with circulating
SHBG-all markers of proinflammatory state in our
experience. Hence, male and female participants
identified with FLD harbored both MetS components
and markers of enhanced subclinical inflammation.

Prediction of diabetes and CHD by FLD

In these middle-aged and elderly adults, FLD prevailed
in 48%, a substantially higher prevalence than in other
population samples. In a slightly younger adult sample
from the United States, ultrasonography-defined
[16]
NAFLD prevalence was reported as 19.5% . Current
participants with FLD likely represent, moreover, a
higher degree of fat accumulation and inflammation
in the liver, as may be assessed from stronger HRs
associated with incident cardiometabolic risk. NAFLD
[4,5]
prevailed at a lower rate in other reports
as well.
We confirmed results of previous prospective
studies documenting significant prediction of type-2
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Table 4 Adjusted Cox regression analyses of fatty liver disease for prediction of overall mortality, by gender and diabetic status
Total
HR
Diabetic sample n =
Gender, female
Age, 11 yr
Current vs non-smoker
Former smoking, n = 170
HDL-cholesterol, 12 mg/dl
Systolic BP, 25 mmHg
HOMA index, 2-fold
Probable FLD, n = 25
FLD, n = 66
Death rate per 1000 person-yr
Prediabetic sample2 n =
HOMA index, 2-fold
Probable FLD n = 57
FLD n = 116
Death rate per 1000 person-yr
Normoglycemic sample n =
Gender, female
Age, 11 yr
Current vs never smoking
Former smoking, n = 170
HDL-cholesterol, 12 mg/dL
Systolic BP, 25 mmHg
HOMA index, 2-fold
Probable FLD n = 312
FLD n = 500
Death rate per 1000 person-yr
Whole sample n =
Gender, female
Age, 11 yr3
Current vs never smoking, n = 414
Former smoking, n = 170
Alcohol usage, yes/no, n = 116
HDL-cholesterol, 12 mg/dl
Systolic BP, 25 mmHg
Prediabetes, n = 220
Presence of diabetes, n = 104
HOMA index, 2-fold
Probable FLD, n = 394
FLD n = 681
Death rate per 1000 person-yr

Men
95%CI

HR

30/1181
0.71
2.74
0.94
1.17
0.81
1.16
1.15
0.48
0.74

0.77
3.76
2.39
1.04
1.05
1.03
1.02
0.89
0.68

0.73
3.38
1.67
0.92
0.84
1.02
1.03
1.30
2.70
1.08
0.79
0.84

HR

20/591
0.25; 2.00
1.43; 5.22
0.30; 3.02
0.40; 3.40
0.55; 1.20
0.74; 1.81
0.89; 1.49
0.15; 1.55
0.24; 2.24

2.61
1.38
2.20
0.72
0.82
1.03
0.35
0.72

30.2
32/2681
1.25
1.05
2.07

Women
95%CI

1.19; 5.73
0.37; 5.18
0.61; 7.85
0.41; 1.24
0.40; 1.72
0.75; 1.41
0.09; 1.34
0.20; 2.57

3.48
n=2
n=2
0.77
1.25
1.47
n = 12
n = 36

38.2
17/1191
0.93; 1.68
0.25; 4.40
0.52; 8.19

14.0
89/12681
0.42; 1.40
2.85; 4.97
1.27; 4.51
0.46; 2.34
0.84; 1.31
0.80; 1.31
0.88; 1.17
0.47; 1.68
0.34; 1.36
8.1
151/16541
0.46; 1.17
2.69; 4.19
1.03; 2.70
0.52; 1.64
0.37; 1.90
0.87; 1.11
0.86; 1.25
0.82; 2.07
1.73; 4.22
0.97; 1.21
0.48; 1.31
0.50; 1.39
10.8

1.33
0.70
2.69

1.32
1.19
1.30

17.2
54/6101
3.41
0.98
n = 15
1.07
0.98
0.79
2.02
0.96

10.0
91/7881

2.24; 5.17
0.22; 4.38
Too few
0.78; 1.51
0.67; 1.38
0.62; 1.007
0.75; 5.39
0.32; 2.88
6.3
60/8661

2.60; 4.65
1.13; 3.57
0.52; 1.88
0.32; 1.67
0.85; 1.38
0.78; 1.31
0.56; 2.09
1.52; 4.86
0.99; 1.27
0.31; 1.11
0.44; 1.56
13.3

0.87; 2.00
0.10; 14.5
0.12; 14.7
11.8
35/6581

2.69; 5.68
1.36; 6.56
0.47; 2.87
0.78; 1.46
0.80; 1.64
0.94; 1.29
0.24; 1.31
0.24; 1.40

3.48
2.01
0.99
0.73
1.09
1.00
1.08
2.22
1.12
0.58
0.83

1.02; 12.0
protecting
Too few
0.43; 1.36
0.62; 2.60
0.95; 2.27
riskconferring
22.4
15/1491

0.80; 2.23
0.10; 4.77
0.42; 17.0

3.91
2.99
1.16
1.07
1.13
1.10
0.55
0.58

95%CI
10/591

3.34
0.96
n = 22
n=2
0.94
1.08
1.73
2.76
0.98
1.42
1.03

2.36; 4.74
0.29; 3.17
Too few
Too few
0.73; 1.22
0.84; 1.42
0.89; 3.35
1.32; 5.76
0.80; 1.20
0.57; 3.50
0.41; 2.59
7.9

1

Number of deaths/number at risk; 2adjusted also for sex, age, current smoking, systolic BP, HDL-cholesterol; 3Referent was no FLD (n = 412). Mean age
at baseline was 52.1 years. Missing HOMA index values limited by 15% the sample and deaths. HDL: high-density lipoprotein; FLD: fatty liver disease;
HOMA: Homeostatic assessment; BP: Blood pressure.

diabetes by NAFLD diagnosed by ultrasonography. In
study samples exceeding 12000 subjects, Yamada
[4]
[5]
et al in Japanese and Sung et al in South Korean
people found over 5-year follow-ups that NAFLD
independently predicted diabetes risk at about 2- to
2.5-fold HRs, respectively. In prior prospective studies
[29,30]
on Japanese people with smaller sample sizes
, the
related HRs ranged between a non-significant value
and 4.6. In this study, the predictive value of FLD for
this association was over 5-fold that of individuals
without FLD, independent of sex, age, smoking status,
systolic blood pressure, serum HDL-cholesterol level,
and uric acid level. This HR was similar to that found
in French men but lower than that in women in the
[31]
highest versus the lowest quartile of FLI .
[6-9]
NAFLD has been shown to predict incident CVD .
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The prospective analysis over a 14-year follow-up
in approximately 11600 participants of NHANES-Ⅲ
demonstrated an independent association between
NAFLD by ultrasonography and cardiovascular
[9]
disease , similar to our current findings. However,
the strong predictive ability of FLD for CHD among
our diabetic subjects was substantially attenuated in
the whole male sample when diabetes was included
in the adjustments and was reduced to a nonsignificant level in female participants. It appears
that in Turkish women who are prone to autoimmune
activation NAFLD and diabetes, each conferring CHD
[1]
risk, emerging bidirectional changes mediate each
other and attenuate this risk. Thus, both the substrate
(prevalent CHD or diabetes) and gender modulate this
risk. In fact, in Chinese patients with suspected CHD (n
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Table 5 Adjusted Cox regression analyses of components of fatty liver index for prediction of type-2 diabetes, incident coronary
heart disease and mortality, by gender
Total
Diabetes
Waist circumference, 12 cm
Body mass index, 5 kg/m2
Triglycerides, 90 mg/dl
γ-glutamyltransferase, 1.7-fold
CHD
Waist circumference, 12 cm
Body mass index, 5 kg/m2
Triglycerides, 90 mg/dl
γ-glutamyltransferase, 1.7-fold
Mortality
Waist circumference, 12 cm
Body mass index, 5 kg/m2
Triglycerides, 90 mg/dl
γ-glutamyltransferase, 1.7-fold

Men

Women

HR

95%CI

HR

95%CI

HR

95%CI

1.70
1.10
1.22
2.19

1.33; 2.15
0.91; 1.33
1.06; 1.40
1.61; 2.99

1.64
1.06
1.09
2.44

1.13; 2.38
0.80; 1.40
0.91; 1.31
1.52; 3.92

1.78
1.11
1.43
2.22

1.27; 2.46
0.86; 1.44
1.20; 1.71
1.44; 3.43

1.21
1.01
1.19
1.52

0.80; 1.82
0.84; 1.20
1.03; 1.35
0.94; 2.44

1.21
0.77
1.20
1.52

0.20; 1.82
0.52; 1.14
1.01; 1.43
0.94; 2.44

1.02
0.98
1.12
1.64

0.78; 1.33
0.80; 1.20
0.84; 1.31
1.16; 2.31

1.31
0.73
1.12
1.37

1.00; 1.74
0.56; 0.96
0.96; 1.31
0.97; 1.93

1.21
0.68
1.28
1.28

0.81; 1.80
0.45; 1.03
1.01; 1.57
0.79; 2.06

1.38
0.82
0.91
1.62

0.90; 2.11
0.56; 1.20
0.70; 1.20
0.95; 2.77

Models were adjusted also to sex, age, smoking status, systolic BP, HDL-cholesterol. Further, uric acid protected men against diabetes and weakly tended
to protect women against CHD.

= 713), significant association between FLI and CHD
[32]
was not detected .

Lack of prediction of mortality risk by NAFLD

Reasons for the paradoxical lack of NAFLD on
mortality risk remain unclear. Using the NHANESⅢ survey data, all-cause mortality for alanine
transferase-defined NAFLD over a mean 8.7 year
[13]
follow-up was marginally increased (HR = 1.37) ,
a risk confined to the age group 45-54. Women,
Mexican Americans, non-smokers, and those with
MetS or diabetes were more likely to have NAFLD.
A more recent analysis of NHANES-Ⅲ survey data
confirmed that ultrasonography-defined NAFLD did
[33]
not increase the risk of mortality . However, NAFLD
with evidence of advanced fibrosis (only one out of
30 NAFLD cases) using non-invasive marker panels
was associated with increased mortality, mainly
attributable to cardiovascular causes. NAFLD fibrosis
score was based on an algorithm using additional
data on impaired fasting glucose/diabetes, as well as
inflammation-related parameters such as aspartate
aminotransferase/alanine aminotransferase ratio,
platelet count, and serum albumin level.
GGT, a participant in the degradation of the
antioxidant glutathione and, hence, capable of inducing
pro-oxidant effect, is a major component of the FLI.
GGT was shown to be independently and inversely
associated with the mean low density lipoprotein (LDL)
particle size in asymptomatic elderly subjects with
[34]
dyslipidemia . Though the FLI was found to predict
all-cause mortality in the Cremona study, characterized
by a cohort having a high prevalence of MetS and
insulin resistance, it was the significant association
of the HOMA index with the FLI that emerged as a
[15]
mediator of mortality risk . Lp(a) constitutes a typical
example of small dense LDL and was documented
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[35]

[36]

elsewhere
and in the TARF study
to be inversely
associated with HOMA index.
Our multivariable analysis with the four components
of the FLI explains in part the lack of association with
risk of death, insofar as BMI emerged (especially in
men) as protective against mortality risk. Moreover,
[37]
on our previous findings showed that a disparate
independent association existed among sexes between
serum GGT and Lp(a) levels, with high Lp(a) levels in
men and low levels in women (reflecting autoimmune
activation), and this may have been pivotal for the
associations of FLI with the risks of death and, in
women, with incident CHD. Diabetic status, a major
confounder of and interactor with an underlying
autoimmune activation, may have, therefore, largely
mediated FLD [and low Lp(a) concentrations] and
attenuated the outcome of mortality.
Since FLD, HOMA index, and age in current
prediabetic men had higher HRs and higher Lp(a)
concentrations than in the remaining two categories,
serum Lp(a) may not be involved in the autoimmune
complex underlying its relation to FLD and HOMA
index, which is in contrast to the relatively elevated
HRs for mortality. The independent contribution to
the risk of death, likely via cardiorenal disease, may
well be reflected in the high HR of age. In women,
the persistent increase in HRs of FLD and HOMA index
may be a consequence of the increasing involvement
of circulating Lp(a) in autoimmune activation from
normoglycemia onwards.
Our observations in men support the view that the
development of diabetes from prediabetes attenuates
[38,39]
the independent risk of death for FLD
. Ageadjusted mortality in patients with NAFLD was, indeed,
[40]
reported to be associated with IFG .
A critical role of serum GGT in the pathogenesis of
IFG was suggested in a large Korean population-based
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10.0

NAFLD

6.0

algorithm-based surrogate of fatty liver disease (FLD) have been commonly
used in identifying the presence of non-alcoholic fatty liver disease (NAFLD),
closely associated with features of the metabolic syndrome (MetS), and its
relationship to adverse outcomes. NAFLD, a growing public health issue, has
been demonstrated to be associated with MetS, type-2 diabetes cardiovascular
events, and chronic kidney disease, but controversy exists on its predictive
ability for overall mortality.

Probable NAFLD

HR for mortality

3.0
2.0
1.0
0.6

Research frontiers

0.4
N
0.1

P D
Men

N
P D
Women

N

P D
Men
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Figure 2 Diagram of multivariable adjusted hazard ratios are depicted for
death of fatty liver disease in the 3 glucose categories. Though significant
findings were not obtained, the risk of overall mortality among normoglycemic
(N) individuals with fatty liver disease was lower than in subjects with no fatty
liver disease. Risk increased in prediabetes (P) and tended so in diabetic (D)
women, while declining in men with diabetes. NAFLD: non-alcoholic fatty liver
disease.

study that assessed the varying association of the
[41]
enzyme level with BMI . In our evaluation of subjects
with IFG, we observed a parallel trend between serum
Lp(a) and GGT in women regardless of the presence of
[20]
MetS but in men in the absence of MetS alone .

Limitations and strengths

FLD was defined herein not by imaging methods
or histology but by an algorithm based on obesity
markers, fasting triglyceride, and GGT levels. This
method has been validated in several epidemiologic
[15,23]
studies
, and other methods are costly and
impractical to identify FLD in large epidemiologic
studies. Collinearity between FLI and metabolic factors
such as Lp(a) levels or obesity cannot be ruled out.
The study sample size, long follow-up, and analysis
stratified to gender are strengths of the study.
Concomitant investigation of diabetes, CHD, and
overall mortality in the same study sample is a major
strength that allowed for the detection of emerging
differences in the underlying pathogenesis.
FLD, defined by a FLI, was detected in one-half of a
population-based cohort. FLD was a powerful predictor
of incident diabetes and disclosed a nearly 2-fold HR
for the risk of CHD, compared to participants without
FLD. In essential agreement with most previous
reports on general population samples, all-cause
mortality, however, was not independently related to
baseline FLD, or to HOMA index, except for a tendency
in prediabetic men as well as prediabetic and diabetic
women. Associations between BMI, GGT, and Lp(a)
concentrations may herein be pivotal. Further research
seeking the association between FLD and mortality risk
should address the impact of circulating Lp(a) in the
separate glycemic states in larger population samples.

Diabetic status, a recognized major confounder in the bidirectional relationship
between FLD and cardiovascular morbidity and mortality, appears to be a major
area requiring future research. Another hotspot that further research should
be engaged, especially in population subgroups prone to metabolic syndrome,
is the potential disparate independent association potentially existing among
sexes between serum γ-glutamyltransferase (GGT) (a component of the FLI)
and lipoprotein (Lp)(a) levels and their influence on outcome.

Innovations and breakthroughs

The lack of a relationship between NAFLD and risk of overall mortality as
compared to its independent prediction of diabetes and cardiovascular
disease has been intriguing. An algorithm consisting of body mass index,
waist circumference, triglycerides, and GGT has been used elsewhere and
herein to detect fatty liver. Confirmation in the present study that risk of death
was essentially not predicted by FLI may be due to underlying involvement of
circulating Lp(a) in autoimmune activation and the generally confounding role of
diabetes, which may have largely mediated FLD and attenuated the outcome of
mortality.

Applications

The previously proposed FLD index may reliably be utilized as a surrogate in
population screening for the detection of fatty liver.

Terminology

Steatohepatitis designates fatty infiltration and inflammation of the liver.

Peer-review

The authors examined prospectively in over 1800 middle-aged Turkish adults
the association of a surrogate of FLD, consisting of adiposity measures,
triglyceride, and GGT levels, with type-2 diabetes, coronary heart disease
(CHD), and all-cause mortality. Multivariably adjusted Cox regression analyses
were used. Over an average 8-year follow-up, FLD was found as the major
determinant of incident diabetes at a high relative risk. CHD was significantly
and independently predicted by FLD in men alone and in the whole study
sample. Despite these, and in line with several previous reports on the
controversial topic, the authors detected no significant excess risk of death,
though a tendency to increased risk was observed in the prediabetic state.
Authors attributed the lack of prediction by FLI possibly to serum Lp(a) being
involved in autoimmune activation and to a confounding role of the diabetic
status mediating FLD.
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Abstract
AIM: To evaluate the correlation between fecal calpro
tectin (fC), C-reactive protein (CRP), and endoscopic
disease score in Asian inflammatory bowel disease (IBD)
patients.
METHODS: Stool samples were collected and assessed
for calprotectin levels by Quantum Blue Calprotectin
High Range Rapid test. Crohn’s disease endoscopic
index of severity (CDEIS) and ulcerative colitis endoscopic
index of severity (UCEIS) were used for endoscopic
lesion scoring.
RESULTS: A total of 88 IBD patients [36 patients with
Crohn’s disease (CD) and 52 with ulcerative colitis
(UC)] were enrolled. For CD patients, fC correlated with
CDEIS (r = 0.465, p = 0.005) and CRP (r = 0.528, p =
0.001). fC levels in UC patients correlated with UCEIS (r
= 0.696, p < 0.0001) and CRP (r = 0.529, p = 0.0005).
Calprotectin could predict endoscopic remission (CDEIS
< 6) with 50% sensitivity and 100% specificity (AUC:
0.74) in CD patients when using 918 μg/g as the cutoff. When using 191 μg/g as the cut-off in UC patients,
calprotectin could be used for predicting endoscopic
remission (UCEIS < 3) with 88% sensitivity and 75%
specificity (AUC: 0.87).
CONCLUSION: fC correlated with both CDEIS and
UCEIS. fC could be used as a predictor of endoscopic
remission for Asian IBD patients.
Key words: Inflammatory bowel disease; Endoscopic
score; Fecal calprotectin; Crohn’s disease; Ulcerative
colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mucosal healing is the goal in treating
inflammatory bowel disease patients, and endoscopic
examination remains the gold standard for evaluating
mucosal status. Our results provide more evidence
that fecal calprotectin (fC) correlates well with mucosal
disease activity by using endoscopic disease score of
ulcerative colitis endoscopic index of severity (UCEIS)
and Crohn's disease endoscopic index of severity
(CDEIS). The correlation of fC was higher in UCEIS
than in CDEIS. fC could be used as a predictor of
endoscopic remission for Asian inflammatory bowel
disease patients.
Lin WC, Wong JM, Tung CC, Lin CP, Chou JW, Wang HY,
Shieh MJ, Chang CH, Liu HH, Wei SC; Taiwan Society
of Inflammatory Bowel Disease Multicenter Study. Fecal
calprotectin correlated with endoscopic remission for Asian
inflammatory bowel disease patients. World J Gastroenterol
2015; 21(48): 13566-13573 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i48/13566.htm DOI: http://
dx.doi.org/10.3748/wjg.v21.i48.13566
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflam
matory and destructive disease of the gastrointestinal
tract. The chronic active inflammation causes ulcera
tions, stricture formations, and perforations and is
a risk factor for the development of dysplasia and
[1]
cancer . To reduce longstanding IBD complications,
the treatment goal in IBD patients is mucosal healing.
Certain classifications have been constructed to
monitor the clinical parameters and treatment effects
in IBD patients, such as the Crohn’s disease activity
[2,3]
index (CDAI) and the Montreal classification
.
However, these scoring systems may be unreliable,
because patients give subjective assessments of
their symptoms, and clinicians are subjective in
their assessments of patients. The gold standard for
monitoring patients with IBD remains endoscopy,
which is a time-consuming, expensive, and invasive
procedure. In addition, the bowel cleansing that
patients must undergo before endoscopic procedures
is uncomfortable and inconvenient.
A stool sample analysis is noninvasive without the
necessity of bowel preparation, relatively convenient,
and much less time-consuming for the patient.
Calprotectin, a calcium-binding protein, originates
[4]
from neutrophils found in both plasma and stool . It is
markedly elevated in inflammatory processes, such as
[5]
IBD, sepsis, and necrotizing enterocolitis . There are
many bacterial proteases in feces, however, calprotectin
is resistant to these enzymes, and, therefore, it is
[6]
possible to measure it in a fecal sample . In addition,
samples can be stored for several days and shipped
at ambient temperatures. Thus, measurement of this
biomarker provides a reliable method for the degree of
[7]
inflammation in the bowel . Recently, fecal calprotectin
(fC) levels have been reported to be a predictive marker
[5]
of mucosal healing in patients with IBD . Its levels
have been correlated with histological disease activity
and could be used as a relapse marker and a disease
[6,8,9]
activity marker for IBD patients
.
There are two types of fC tests, including
fully quantitative laboratory-based technologies
[enzyme‑linked immunosorbent assay (ELISA)
platform], fully quantitative rapid tests, and semiquantitative point‑of‑care tests [10]. The level of
calprotectin is age-related. Two to 9 year-old children
and adults above the age of 60 have significantly
higher concentrations of calprotectin than 10 to
[11]
59 year-olds . Furthermore, its level is higher in
[12]
infants in rural areas than urban areas . There are
limited data regarding calprotectin levels in different
races. Reports from Western countries show that fC
levels significantly correlate with endoscopic disease
[13]
activity in IBD . In Japan, its levels were found to be
correlated with endoscopic disease activity in pediatric
[14,15]
and post-operative Crohn's disease (CD) patients
.
For ulcerative colitis (UC), fC correlated with clinical
[16]
activity in China . We were unable to find any report
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about evaluating fC, C-reactive protein (CRP), and
endoscopic index in either Asian UC or CD patients.
In order to define whether the fC could be used as
a surrogate marker for mucosal healing, or even as
a predictor for endoscopic remission, we examined
the correlation between fC, CRP, and the endoscopic
disease index in Asian IBD patients.

MATERIALS AND METHODS
Patients

All patients signed the informed written consent for
participation in this study, which was approved by the
institution’s Ethics Committee. This was a prospective,
multi-center study under the collaboration of the
Taiwan Society of Inflammatory Bowel Disease.
The inclusion criteria were: patients who were
between 16 and 80 years of age; patients who were
diagnosed with IBD based on standard endoscopic,
radiological, and histological criteria; and outpatients
who regularly followed up but not newly diagnosed,
without acute illness under active medication
adjustment. Exclusion criteria were: patients with
possible concurrent gastrointestinal infection (fever
and diarrhea) or malignancies, pregnant females,
and patients who abused alcohol or regularly
consumed aspirin, antibiotics, cytotoxic drugs, and
non‑steroidal anti‑inflammatory drugs (more than
two tablets per week). In Taiwan, when the patient’
s condition is stationary, the regular follow-up interval
for the outpatient is 3 mo. Therefore, we invited
those patients who were going to have their followup endoscope before their next visit to enroll in this
study. In order to minimize inconvenience for patients,
we educated the patients on how to collect stool
samples and had them return the samples prior to
or on the next visit. All invited patients who accepted
these terms were included during the study period. In
this way, the interval between calprotectin and CRP
measurements and the endoscopic examination was
within 3 mo. Serum CRP level was obtained from the
clinical records (normal level was less than 0.8 mg/dl
in all centers involved in this study).

Endoscopic scoring

All UC patients underwent complete colonoscopy,
and all CD patients underwent ileocolonoscopy. CD
[17]
endoscopic index of severity (CDEIS)
and UC
[18]
endoscopic index of severity (UCEIS)
were used for
the endoscopic lesions scoring. The CDEIS is based on
the recognition of elementary lesions (non-ulcerated
lesions, superficial and deep ulcerations) associated
with the appreciation of their surface in five different
segments (ileum, right colon, transverse, left colon,
[17]
and rectum) . The CDEIS ranges from 0 (normal)
to 44 (most severe). The UCEIS is based on vascular
patterns (2 levels), bleeding (3 levels), and erosions
[18]
and ulcers (3 levels) . The final score represents the
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sum of the components, with the UCEIS ranging from
0 (normal) to 8 (most severe). Endoscopic ﬁndings
were recorded on color imaging and graded according
to CDEIS and UCEIS by two specialist physicians who
were blinded to the patient’s clinical details.

Collection and measurement of fecal samples

Fecal samples (around 90 mg) were collected from
all of the patients. Patients were instructed to collect
the sample at home and have them stored in a
refrigerator. Samples were delivered on the next day
and transferred to the study laboratory for analysis.
The laboratory personnel carrying out the analysis
were blinded to the clinical history, data, and the
endoscopic findings of the patients. The values quoted
as normal in our laboratory were 100 μg/g. fC levels
were assessed by using a commercially-available
ELISA, Quantum Blue Calprotectin High Range Rapid
Test (Buhlmann laboratories AG, Schonenbuch,
Switzerland).

Statistical analysis

Each value is presented as a median with the inter
quartile range (IQR). For data analyses we used SPSS
for Windows software 14.0 (Chicago, IL, United States).
For correlation analyses, we used the nonparametric
Spearman’s rank order correlation (r). The KruskalWallis test was used for exploring changes between
related variables. Sensitivity and specificity were
estimated by the receiver operating characteristic
(ROC) curve analysis. The calprotectin cut-off values
were selected by the Youden’s index using ROC curves.
The areas under the ROC curve (AUCs) were calculated
for fC, and the combination of fC and CRP, respectively.
All statistical testing was two-sided, and P values < 0.05
were considered statistically significant.

RESULTS
A total of 88 patients, 52 diagnosed with UC and 36
diagnosed with CD, were included in this study. The
clinical characteristics of the 88 enrolled patients
are listed in Table 1. The interval between the fC
measurement and the endoscopy ranged from 4 to 80
d, with a mean of 36.5 d.
The UC patients were predominantly male (65%),
with an age range of 17 to 76 years (median age
of 44). The correlation between readers for UCEIS
was good, with an intraclass correlation coefficient of
0.8980. They had a median (IQR) UCEIS of 3 (1-4),
a median (IQR) CRP level of 0.17 (0.04-0.51) mg/L,
and a median (IQR) fC level of 447 (116-1700) μg/g.
When separated by disease extent, as shown in Table 2,
the median level of fC in UC was 116 μg/g in proctitis,
478 μg/g in left-sided UC, and 611 μg/g in extensive
UC. The fC level in UC patients was not statistically
different between age groups more or less than 60
years old (mean ± SD: 331 ± 638 and 1033 ± 2038,
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Table 1 Clinical characteristics of the 88 inflammatory bowel
disease patients n (%)

Gender (M/F)
Age (yr)
Disease extent/location
E1/L1
E2/L2
E3/L3
EIS [median (IQR)]
Calprotectin (µg/g) [median (IQR)]
CRP [median (IQR)]

UC (n = 52)

CD (n = 36)

34/18
44 (17-76)

19/17
34 (21-71)

13 (25)
15 (29)
24 (46)
3 (1-4)
447 (116-1700)
0.17 (0.04-0.51)

4 (11)
8 (22)
24 (67)
8 (5.2-21)
309 (100-1130)
0.15 (0.05-0.91)

Table 3 Fecal calprotectin, Serum C-reactive protein and
Crohn’s disease endoscopic index of severity divided by
location of the disease in patients with Crohn's disease
Fecal calprotectin
(µg/g)
L1
L2
L3

Table 2 Fecal calprotectin, C-reactive protein, and ulcerative
colitis endoscopic index of severity in ulcerative colitis
patients separated by the extent of disease

Median
E1
E2
E3

116
478
611

Range
100-620
214.5-1249
172-1800

UCEIS
Median
3
3
3.5

Range
1-4
1-4
3-4.5

CRP
Median

Range

0.06
0.19
0.3

0.04-0.17
0.04-0.45
0.05-1.04

EIS: Endoscopic index of severity; CRP: Serum C-reactive protein; E1:
Proctitis; E2: Left-sided UC; E3: Extensive; UCEIS: Ulcerative colitis
endoscopic index of severity.

respectively; p = 0.37). The median level of CRP in UC
was 0.06 mg/dL in proctitis, 0.19 mg/dL in left-sided
UC, and 0.30 mg/dL in extensive UC. The median (IQR)
UCEIS was 3 (1-4) in proctitis, 3 (1-4) in left-sided UC,
and 3.5 (3-4.5) in extensive UC. For each biomarker of
calprotectin, there was no significant difference among
proctitis, left-sided UC, and extensive UC patients.
Of the 36 CD patients enrolled, there were slightly
more males than females (52% male), and the age
ranged from 21 to 71 years, with a median age of
34. The correlation between readers for CDEIS was
also good, with an intraclass correlation coefficient
of 0.9632. They had a median (IQR) CDEIS of 8.0
(5.2-21), a median (IQR) CRP level of 0.15 (0.05-0.91)
mg/L, and a median (IQR) fC level of 309 (100-1130)
μg/g. The fC level in CD patients was not statistically
different between patient groups more or less than
60 years old (mean ± SD: 3250 ± 35436 and 1369
± 2257, respectively; p = 0.115). When separated
by disease location, as shown in Table 3, the median
(IQR) level of fC in CD was 2693 (1071-5010) μg/g
in ileum (L1), 176 (100-573) μg/g in colon (L2), and
279 (100-2175) μg/g in ileocolon (L3) subtypes. The
median (IQR) level of CRP in CD was 0.56 (0.13-1.09)
mg/dL in L1, 0.05 (0.03-0.15) mg/dL in L2, and
0.17 (0.08-1.27) mg/dL in L3 subtypes. The median
(IQR) CDEIS was 9 (8-19) in L1, 3.9 (3.2-9.2) in L2,
and 8 (6-28) in L3 subtypes. For each biomarker of
calprotectin, there was no significant difference among
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Range

2693
176
279

1071-5010
100-573
100-2175

Median
9
3.9
8

CRP

Range

Median

Range

8-18.5
3.2-9.2
6-27.5

0.56
0.05
0.17

0.13-1.09
0.03-0.15
0.08-1.27

EIS: Endoscopic index of severity; CRP: Serum C-reactive protein; L1:
Ileum; L2: Colon; L3: Ileocolon; CDEIS: Crohn's disease endoscopic index
of severity.

For UC: E1: Proctitis; E2: Left-sided colon; E3: Total colon; for CD: L1:
Ileum; L2: Colon; L3: Ileocolon; UC: Ulcerative colitis; CD: Crohn's disease.

Fecal calprotectin
(µg/g)

Median

CDEIS

the L1, L2, and L3 patients.
In UC patients, UCEIS correlated signiﬁcantly with
fC level, with a Spearman correlation coefficient of
0.696 (P < 0.0001) (Figure 1A). UCEIS also correlated
with the levels of CRP (Spearman correlation
coefficient of 0.581, P < 0.0001) (Figure 1B). fC
correlated with CRP, with a correlation coefficient of
0.529 (p = 0.005) (Figure 1C). Although there was a
trend suggesting that fC increased from E1 (proctitis)
to E3 (total colitis), there was no correlation between
the extent of disease and fC, CRP, and UCEIS. In
the CD patients, CDEIS correlated with fC (Figure
2A) as well as with CRP (Figure 2B), with Spearman
correlation coefficients of 0.465 (p = 0.005) and 0.582
(p = 0.0002) for calprotectin and CRP, respectively.
Moreover, the correlation coefﬁcient was 0.528 (p
= 0.001) for CRP and fC (Figure 2C). There was no
correlation between the location of disease and fC (P =
0.060), CRP (P = 0.153) and CDEIS (P = 0.081).
In CD, where the threshold for endoscopic
remission has been set by a systemic review study
[19]
as a CDEIS < 6 , the best discriminative cutoff was
obtained at a calprotectin threshold of 918 μg/g, which
could predict endoscopic remission with 50% sensitivity
and 100% specificity (AUC of 0.74). In the UC group,
where the threshold for endoscopic remission was
set as a UCEIS < 3, the ROC curve analysis (AUC of
0.87) revealed a cut-off calprotectin level of 191 μg/g,
which could predict mucosa healing with a sensitivity
and specificity of 88% and 75%, respectively. As
shown in Figure 3, when using the combination of CRP
and fC, the predicting ability of endoscopic remission
increased, but it did not significantly increase when
compared with fC alone (p value for CD: 0.07 and for
UC: 0.28).
When we divided the results by mean interval (36
d) of fC measurement and endoscopy, the Spearman
correlation coefficient of fC and UCEIS was 0.810 (p =
0.008) for those with the shorter interval (< 36 d), and
the correlation coefficient of fC and UCEIS decreased
to 0.388 (p = 0.342) for those with the longer interval
(> 36 d). However, there was no such difference for
the CD patients. The Spearman correlation coefficient
of fC and CDEIS was 0.509 for the shorter interval (<
36 d ) (p = 0.0631), and the correlation coefficient of
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Figure 1 Correlations between (A) UCEIS and fecal calprotectin, (B) UCEIS
and CRP, and (C) fecal calprotectin and CRP in ulcerative colitis patients.
UCEIS: Ulcerative colitis endoscopic index of severity; CRP: C-reactive protein;
fC: Fecal calprotectin.

Figure 2 Correlations between (A) CDEIS and fecal calprotectin, (B) CDEIS
and CRP, and (C) fecal calprotectin and CRP in Crohn's disease patients.
CDEIS: Crohn's disease endoscopic index of severity; CRP: C-reactive protein;
fC: Fecal calprotectin.

fC and CDEIS was 0.511 (p = 0.0179) for the longer
interval (> 36 d) group.

for UC and CDEIS for CD patients.
In our study, a calprotectin level below 191 μg/g
was associated with mucosal healing in UC (UCEIS <
3), whereas a calprotectin level below 918 μg/g in CD
reflected endoscopic remission (CDEIS < 6). This result
[20]
is consistent with a Denmark study
that showed
the cutoff level of fC was 192 μg/g for predicting
endoscopic mucosa healing in UC, as assesed using
both the UCEIS and Mayo Endoscopic Score. This
finding confirmed that fC reflects endoscopic disease
activity with different endoscopic scores. Another
[13]
European report observed that an fC level below 250
μg/g was predictive for endoscopic remission (CDEIS
≤ 3) in CD patients. In UC, an fC level above 250

DISCUSSION
The fC test is a simple, non-invasive, and reproducible
test. To date, there have been few studies on the
relationship between fC and endoscopic indices
(mucosal status) in the Asian population. In this
study, we assessed the association between fC, CRP
level, and endoscopic disease activity. Our results
demonstrated that the concentration of fC in Asian
IBD patients was significantly correlated with the
endoscopic index, which was evaluated by the UCEIS
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Figure 3 Comparison of receiver operating characteristic curves for
Crohn's disease (A) and ulcerative colitis (B) patients. ROC: Receiver
operating characteristic. CRP: C-reactive protein; fC: Fecal calprotectin.

μg/g indicated active mucosal disease activity (Mayo
Endoscopic Score > 0). Here, we provide additional
necessary evidence that fC levels correlate significantly
with endoscopic disease activity in Asian IBD patients.
There is evidence that fC levels correlate more
closely with histological evaluation than macroscopic
findings, suggesting that this biological marker is
more sensible than endoscopy in evaluating IBDs
[9,20,21]
activity
. In combination with our results, the fC
levels could help us identify not only endoscopic but
also histologic healing. Therefore, fC could be used
as a surrogate marker for mucosal status in both CD
and UC patients. Although it has been reported that
fC tended to be higher in patients more than 60 years
[11]
old , we found no statistically significant difference
between patients more or less than 60 years old for
both UC and CD.
In clinical practice, these cut-off points could be
used to guide treatment decisions, where patients
with calprotectin levels higher than these cut-off points
will need treatment intensification or escalation. We
found different studies reporting various cut-off levels
of fC with endoscopic disease activity, which might be
due to differences in patient selection, the extent of
[22]
disease, and the remission duration . Based on these
studies, the use of serial fC measurements to detect
endoscopic recurrence could potentially overcome the
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imperfect sensitivity of individual measurements and
[23]
was better than using a cut-off level of fC . Although
the combination of fC and CRP increased the predictive
ability, it did not reach statistical significance, which
may be due to an underpowered sample.
[24-31]
In previous studies
, the correlation coefﬁcients
ranged from 0.48-0.83 for fC with endoscopic disease
activity and from 0.46-0.61 for CRP in CD patients. In
UC, the correlation coefficient ranged from 0.51-0.83
for fC with endoscopic disease activity. In our study,
we found that the correlation between fC concentration
and endoscopic disease activity was higher in patients
with UC. We also found that the fC can rapidly reflect
the mucosal condition, as demonstrated by the
stronger correlations when the intervals between fC
measurement and endoscopy were shorter. Costa
and colleagues reported a study describing that
a high concentration of fC was associated with a
14‑fold relapse risk in patients with UC and a 2‑fold
relapse risk in patients with CD, indicating that a high
concentration of fC may be a more accurate predictive
[32]
marker of relapse in UC than in CD . In contrast to
[33]
UC, patients with CD have stronger CRP responses .
This ﬁnding may be related to the fact that transmural
inflammation is seen in patients with CD, whereas the
inﬂammation in UC patients is conﬁned to the mucosa.
Therefore, fC levels seem to represent a stronger
biomarker for monitoring endoscopic activity in UC
patients. For patients with CD, increased levels of both
CRP and fC are likely to be sufficient to identify an
active mucosal disease.
As for the disease extent in IBD, ileocolonic and
colonic CD significantly correlated with positive
[22,33]
calprotectin tests and the probability of relapse
.
It was reported that patients with ileal CD had
significantly lower fC levels than those with ileocolonic
[34]
disease, even in the presence of large ulcers . In
UC patients, a previous study showed that the fC
increased significantly with disease extent in proctitis
and left-sided colitis but the difference was not
[20]
statistically significant . In our study, we did not find
a correlation between disease location and fC in UC or
CD patients. However, fC, CRP levels, and CDEIS were
higher in patients with ileum involvement than in CD
patient with other sites affected. In UC, the extensive
type had higher fC, CRP levels, and UCEIS but without
statistical significance.
In conclusion, fC correlated with both the CDEIS for
CD patients and the UCEIS for UC patients. Our results
provide additional evidence that fC correlates well with
mucosal disease activity. Therefore, fC levels could be
used as a surrogate marker for monitoring mucosal
status as well as predicting endoscopic remission of
not only European but also the Asian IBD patients.
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Background

Mucosal healing is the goal in treating inflammatory bowel disease (IBD)
patients, and endoscopic examination remains the gold standard for evaluating
the mucosal status. Recently, fecal calprotectin (fC) levels have been reported
to be a predictive marker of mucosal healing in IBD. The aim of this study was
to evaluate the correlation between fC, C-reactive protein, and endoscopic
disease score.
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Research frontiers

Previously, several studies have reported that fC is a stronger predictive marker
of relapse in ulcerative colitis (UC) than in Crohn’s disease (CD) with colon
involvement but not ileal CD. However, the effect of fC is less known in Asian
patients. Therefore, we performed this head-to-head comparison for CD and
UC.
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Applications

Those results demonstrated that the concentration of fC in Asian IBD patients
was significantly correlated to the endoscopic index that was evaluated by the
UC endoscopic index of severity for UC and CD endoscopic index of severity
for CD patients. In agreement with the previous studies, when comparing fC
level with endoscopic activity index in CD and UC, the correlation was higher in
UC than in CD.

Terminology

fC is an extremely stable protein, and it can be found unaltered in stool for
longer than 7 d. Thus, measurement of this biomarker provides a reliable
method for determining the degree of inflammation in the bowel.
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Peer-review

The study is certainly interesting and well designed. It sheds some light on the
important issue of non-invasive evaluation of treatment effect in IBD patients.
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Abstract
Long-term outcome data in pancreatic adenocarcinoma
are predominantly based on surgical series, as
resection is currently considered essential for longterm survival. In contrast, five-year survival in nonresected patients has rarely been reported. In this
report, we examined the incidence and natural history
of ≥ 5-year survivors with non-resected pancreatic
adenocarcinoma. All patients with pancreatic adeno
carcinoma who received oncologic therapy alone
without surgery at our institution between 1995 and
2009 were identified. Non-resected ≥ 5-year survivors
represented 2% (11/544) of all non-resected patients
undergoing treatment for pancreatic adenocarcinoma,
and 11% (11/98) of ≥ 5-year survivors. Nine patients
had localized tumor and 2 metastatic disease at initial
diagnosis. Disease progression occurred in 6 patients,
and the local tumor bed was the most common site
of progression. Six patients suffered from significant
morbidities including recurrent cholangitis, second
malignancy, malnutrition and bowel perforation. A rare
subset of patients with pancreatic cancer achieve longterm survival without resection. Despite prolonged
survival, morbidities unrelated to the primary cancer
were frequently encountered and a close follow-up

13574

December 28, 2015|Volume 21|Issue 48|

Oh SY et al . Long-term survivors of non-resected pancreatic adenocarcinoma

is warranted in these patients. Factors such as tumor
biology and host immunity may play a key role in
disease progression and survival.
Key words: Non-resected pancreatic cancer; Long-term
survival; 5-year survival; Chemotherapy; Cholangitis;
Second malignancy; Malnutrition
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Five-year survival in patients with pancreatic
cancer without curative resection is rare and has
not been well described in the literature. At our
institution from 1995 to 2009, non-resected ≥ 5-year
survivors represented 2% (11/544) of all non-resected
patients with pancreatic adenocarcinoma, and 11%
(11/98) of ≥ 5-year survivors. These patients were
mostly younger than 70 years of age, had excellent
performance status and responded favorably to
chemotherapy but suffered significant morbidities
such as biliary sepsis. We speculate that tumor biology
and host immunity play important roles on disease
progression and survival.
Oh SY, Edwards A, Mandelson MT, Lin B, Dorer R, Helton
WS, Kozarek RA, Picozzi VJ. Rare long-term survivors of
pancreatic adenocarcinoma without curative resection. World J
Gastroenterol 2015; 21(48): 13574-13581 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i48/13574.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i48.13574

INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancerrelated death in the United States and has one of
[1]
the worst five-year survival rate of any cancer .
Several large population-based studies indicated an
overall 5-year survival rate less than 5% and median
[2-5]
overall survival of 3 to 6 mo . Although a recent
Surveillance, Epidemiology, and End Results (SEER)
database demonstrated a steady increase in the 5-year
survival rates from 3.1% to 4.4% to 6.9% over the
[6]
three decades from 1981 to 2010 , long-term survival
rate compared with other malignancies still remains
very low.
Currently, complete surgical resection is considered
essential for potential cure for pancreatic cancer and
management is benchmarked on the outcomes of
resection. As a result, the vast majority of long-term
survivors are described in surgical series, and the
reported 5-year actual survival rate after resection
[7-23]
ranges from 12% to 27%
.
Although the prognosis for patients with unresectable
disease is dismal with a median overall survival of 9
mo for locally advanced disease and 3 to 6 mo for
[24]
metastatic disease , there is some evidence of long-
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term survival for patients with non-resected pancreatic
cancer in the literature. The original paper published by
the Gastrointestinal Tumor Study Group examining the
role of chemoradiation in locally advanced pancreatic
cancer suggested the possibility of long-term survival
[25]
without surgery for a small subset of patients .
Furthermore, the most recent SEER database also
displayed a small (2.1%) 5-year survival rate for stage
[26]
Ⅳ pancreatic cancer patients . Unfortunately, clinical
details about such patients are lacking from the medical
literature.
In this case series, we report the incidence and
natural history of non-resected ≥ 5-year survivors
with biopsy-proven pancreatic adenocarcinoma treated
with oncologic therapy alone without curative resection
between January 1995 and December 2009.

CASE REPORT
Eleven non-resected ≥ 5-year survivors represented
2% (11/544) of all non-resected patients with
pancreatic adenocarcinoma who received treatment at
our institution from 1995 to 2009, and 11% (11/98) of
all ≥ 5-year survivors (Figure 1).

Histopathological evaluation

The original histopathology slides of all patients
were re-reviewed by a single faculty gastrointestinal
pathologist to confirm the presence of pancreatic
adenocarcinoma. Additionally, autoimmune pancreatitis,
neuroendocrine tumors and tumors arising from the
bile duct, gallbladder and duodenum were excluded.
Endoscopic ultrasound-guided FNA (EUS-FNA) for
cytology of a pancreatic mass (4) or lymph node (1)
was performed in 5 patients, endoscopic retrograde
cholangiopancreatography (ERCP) brushing of the
pancreatic/bile duct for cytology in 2, computed
tomography (CT)-guided core needle biopsies of a
pancreatic mass in 2 and laparoscopic biopsies of a liver
mass (1) and a pyloric implant (1) in 2.

Clinical characteristics

Clinical characteristics of the 11 non-resected patients
are described in Tables 1-3. The median age was 62.7
years (54.2-69.5). All of them had an ECOG score of
0 or 1, normal serum albumin level and tumor in the
head of the pancreas. Neutrophil-to-lymphocyte ratio
(NLR) in the peripheral blood ranged from 1.5 to 14.2.
Pain, weight loss or jaundice were present in about half
of the patients. Nine patients with localized tumor were
treated with combined chemoradiation, of whom 6
received the Virginia Mason protocol therapy consisting
of interferon-alpha-2b, 5-fluorouracil (5-FU), cisplatin
and radiotherapy. Two patients with metastatic disease
[26]
were treated with gemcitabine and docetaxel .
Six patients suffered from significant morbidi
ties leading to frequent hospitalizations. Recurrent
cholangitis occurred in 5 patients (patients 4, 6,
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1877 patients with pancreatic
adenocarcinoma who presented to our
institution between 1995 and 2009

1015 patients excluded
189 patients who received best supportive care alone
826 patients with visits to our insitution solely for
consultation

Non-resected patients
(n = 555)

≥ 5-yr survivors

(n = 11)

Resected patients
(n = 307)

≥ 5-yr survivors

< 5-yr survivors
(n = 544)

(n = 87)

< 5-yr survivors
(n = 220)

Figure 1 Treatment for pancreatic adenocarcinoma from 1995 to 2009, and 11% of all ≥ 5-yr survivors.

percutaneous transhepatic biliary drainage (PTBD).
Two patients developed small bowel perforations
(patient 7 due to an erosion at the site of previously
placed duodenal stent, and patient 9 following ERCP).
Two patients developed gastric outlet obstruction
during the course of the disease (patients 4 and 7),
thought to be due to therapy-induced peritumoral
scarring. Both were treated with endoscopic duodenal
stent placement and/or bypass surgery. One of them
(patient 7) had a minimal response to endoscopic and
surgical interventions and subsequently developed
severe malnutrition, necessitating long-term enteral
feeding and total parenteral nutrition. The patient also
had an issue with chronic pain and was treated with
narcotics administered via intrathecal pump. Second
malignancies were observed in 2 patients, one with
bladder cancer (patient 8), and the other with breast
cancer as well as hypernephroma metastatic to the
bone (patient 6). Five remaining patients (patients 6, 7,
8, 9 and 11) had uneventful progress in the setting of
indolent disease.

Table 1 Clinical characteristics of 11 non-resected ≥ 5-year
survivors n (%)
Baseline characteristics
Age (yr)
Male gender
ECOG ≤ 1
BMI (kg/m2)
DM
Smoking1
Pancreatic head tumor
Biliary stent2
Presenting symptoms and signs2
Pain3
Weight loss4
Jaundice
Laboratory values2
Ca 19-9 (U/mL)
Abnormal Ca 19-9
Bilirubin (mg/dL)
Abnormal bilirubin
Albumin (g/dL)
Abnormal albumin
Resectability5
Resectable
Borderline resectable
Unresectable
Metastatic
AJCC staging5
1
2
3
4

62.7 (54.2-69.5)
7 (64)
11 (100)
27.2 (24.2-27.9)
2 (18)
6 (55)
11 (100)
7 (64)
5 (45)
6 (55)
6 (55)
72 (33.9-397.1)
8 (73)
4.1 (0.5-11.4)
6 (55)
4.2 (4.0-4.9)
0 (0)
0 (0)
2 (18)
7 (64)
2 (18)

Disease progression

0 (0)
2 (18)
7 (64)
2 (18)

1

History of cigarette smoking with 5 yr of diagnosis; 2At the time of initial
diagnosis; 3Persistent abdominal or back pain; 4Self-reported weight loss
of > 10%; 5Staging CT scan was re-reviewed by an experienced pancreas
cancer surgeon who had no involvement in the original care of the
patients. Continuous variables are shown as median (interquartile range).
Categorical variables are shown as % (number). BMI: Body mass index;
CT: Computed tomography.

7, 8 and 11 in Tables 2 and 3). These patients
underwent frequent biliary drainage via ERCP and/or
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Disease progression was observed in 6 patients (1 with
local progression only, 5 with systemic with or without
local progression). Five of those patients experienced
disease progression within the first 3 years after
diagnosis. Local tumor bed was the most common site
of progression. To date, no patient has survived longer
than 10 years and the longest overall survival is 8.6
years.

DISCUSSION
To our knowledge, this is the first series of non-resected
≥ 5-year survivors with pancreatic adenocarcinoma.
There are 3 case reports of patients with unresectable
[27-29]
pancreatic cancer surviving at least 4 years
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Table 2 Clinical characteristics of 11 non-resected ≥ 5-year survivors
Patient Age
(yr)

Gender ECOG BMI
(kg/
2
m)

Pain Weight Jaundice DM Smoking Biliary
loss
stent

CA19-9
(U/mL)

NLR

Tumor
location

AJCC
Staging

Initial
therapy

Duration
of initial
therapy
(mo)

VM CRT, GD
GD, VM CRT
GD1, 5-FU +
R1
VM CRT, DT
GD, VM CRT
VM CRT, GD
VM CRT, GD
GD1, 5-FU +
R1
GD
5-FU + R
GD

9
12
81

1
2
3

52.3 Female
61.6 Male
62.7 Female

0
0
0

20.8
28
24.1

Yes
No
Yes

No
Yes
Yes

No
Yes
No

No
No
No

No
No
Yes

No
Yes
No

2183.1
200
72

2.5
3.4
1.5

Head
Head
Head

2
3
3

4
5
6
7
8

48.3 Male
51.7 Male
66.6 Female
56 Female
65.4 Male

0
0
0
0
0

26.7
28
21.7
24.3
27.8

No
No
Yes
Yes
No

No
Yes
Yes
Yes
No

No
Yes
Yes
Yes
Yes

No
No
Yes
No
No

No
No
Yes
Yes
Yes

No
Yes
Yes
Yes
Yes

9.8
38.8
661
29
156.8

2.2
14.2
4.7
1.2
10.1

Head
Head
Head
Head
Head

3
3
3
3
2

9
10
11

81
72.5
76.5

0
0
0

27.8
27.2
29.1

No
Yes
No

Yes
No
No

No
No
Yes

No
No
Yes

Yes
Yes
No

Yes
Yes
Yes

19.3
40
594.2

7.7
2.7
6.4

Head
Head
Head

4
3
4

Male
Male
Male

10
4
8
10
61
12
6
12

1

Neoadjuvant therapy. NLR: Peripheral blood neutrophil-to-lymphocyte ratio; GD: Gemcitabine and doxetaxel; 5-FU + R: 5-fluorouracil and radiotherapy;
VM CRT: Virginia Mason Protocol chemoradiation regimen consisting of interferon-alpha-2b.

and a report of a long-term survivor treated with 57
courses of gemcitabine where the exact survival was
[30]
not reported . The paucity of such reports is related
to the fact that non-resected long-term survivors are
exceedingly rare and the literature on long-term survival
is focused heavily on patients undergoing resection.
Our study shows that there is a small subset of
patients with unresectable pancreatic cancer who can
survive at least 5 years. The 11 ≥ 5-year survivors
represent only 2% of all non-resected patients
undergoing treatment for pancreatic adenocarcinoma
from 1995 to 2009 at our institution, and 11% of all
≥ 5-year survivors (Figure 1). The majority of our
long-term survivors were younger than 70 years
of age, exhibited excellent performance status and
had tumors in the head of the pancreas. These were
previously identified as favorable prognostic factors in
[31-33]
pancreatic cancer
. Most of our patients were also
overweight or obese, supporting the fact that obesity is
associated with increased risk of developing pancreatic
[34-36]
cancer
. On the other hand, obesity has also been
shown to confer a survival advantage to patients with
diseases associated with wasting, such as pancreatic
[37,38]
cancer
.
The majority of our non-resected survivors had
locally advanced unresectable disease, and all of
these patients received chemoradiation (Tables 2 and
3). Chemoradiation in locally advanced pancreatic
cancer is thought to improve local disease control but
[25,39-42]
has been investigated with conflicting results
.
A selective strategy of first providing chemotherapy
followed by chemoradiation has been proposed to
minimize radiation-induced toxicities in patients with
rapidly progressive tumors during initial chemotherapy
and some studies have shown improved outcomes
in patients who complete initial chemotherapy and
[38,42,43]
subsequent chemoradiation
. At our institution,
induction chemotherapy with gemcitabine and
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docetaxel followed by consolidative chemoradiation
consisting of interferon-alpha-2b, 5-FU, cisplatin and
radiotherapy has been used for patients with locally
advanced unresectable disease who do not experience
disease progression during induction therapy. The
interferon-based regimen is also used as adjuvant
therapy in resected patients, which we have previously
[26]
reported .
It is noteworthy that 6 survivors suffered significant
morbidities including recurrent cholangitis, liver
abscess, malnutrition, second malignancy and small
bowel perforation (Tables 2 and 3). In 4 out of 6
patients who died, death was not related directly to
tumor: patient 6 died from a perforated duodenal
ulcer and sepsis unrelated to tumor; patients 7 and
8 had recurrent biliary sepsis; patient 10 developed
sepsis due to bacterial peritonitis in the setting of
ascites. Long-term survivors often possess structural
alterations to the pancreaticobiliary anatomy, are
frequently exposed to endoscopic interventions and
receive immunosuppressive therapies, making them
susceptible to treatment-induced complications and
infections. Hence, a close long-term follow-up is often
indicated in these patients.
With regard to disease progression, 6 of the
11 non-resected long-term survivors experienced
disease progression. Five of these received secondline therapy and responded favorably, even though
3 of these patients were given a regimen identical to
the initial therapy (Tables 2 and 3). These tumors may
exhibit characteristics that render them susceptible to
cytotoxic effects of chemotherapy. Interestingly, tumor
progression occurred most commonly in the local
tumor bed which is similar to what has been observed
in resected patients - when disease recurrence occurs
5 years after the surgery, it is more often local than
[18]
distant . Long-term survivors, whether or not
resected, may have less propensity to develop distant
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Table 3 Clinical characteristics of 11 non-resected ≥ 5-year survivors
Patient

Time to initial
progression
1
(mo)

Site of initial
1
progression

Therapy
used for
progression

Alive

Overall
survival
2
(yr)

Cause of death

Clinical progress

1

15.3

Supraclavicular
lymph node

5-FU + R

Yes

8.6

N/A

2

37.1

Peritoneum

GD

Yes

5.9

N/A

3

N/A

N/A

N/A

Yes

5.7

N/A

4

N/A

N/A

N/A

Yes

5.6

N/A

5

N/A

N/A

N/A

Yes

5.5

N/A

6

N/A

N/A

N/A

No

8.4

Perforated
duodenal ulcer
and sepsis

7

87.3

Local, mesenteric
lymph node,
peritoneum

Palliation

No

7.5

Biliary sepsis

8

N/A

N/A

N/A

No

6.4

Biliary sepsis

9

37.1

local, liver

GD

No

6.4

Disease
progression

10

33.6

local

GD

No

6.2

11

27.8

Lung

GD

No

5.2

Sepsis due to
ascitic fluid
infection/
peritonitis
Disease
progression

Recurrence in the supraclavicular lymph node was treated
with 5-FU and radiotherapy. No further therapy was
required and the patient remains alive 8.6 yr after diagnosis
Prophylactic double bypass surgery was performed
at diagnosis. Initial chemotherapy was interrupted by
ischemic bowel but completed subsequently. Peritoneal
recurrence was treated with GD intermittently over 2.5 yr.
The patient remains alive 5.9 yr after diagnosis
Resection was attempted however aborted due to occluded
common hepatic artery. No major medical issues following
initial chemoradiation was noted and the patient remains
alive 5.7 yr after diagnosis
After initial therapy, patient developed gastric outlet and
biliary obstruction requiring endoscopic and radiology
interventions. Patient then received salvage therapy for 4
mo with gemcitabine-based combination therapy. This was
later stopped as imaging demonstrated stable disease. The
patient remains alive 5.6 yr after diagnosis
Patient has a remarkable family history of cancers in
multiple family members and BRCA2 gene mutation. Initial
therapy was stopped prematurely due to financial issue.
GD was re-commended as maintenance therapy for 5 mo.
No further therapy was required afterwards and the patient
remains alive 5.5 yr after diagnosis
Patient's progress was hampered by recurrent cholangitis
requiring multiple biliary interventions and second
malignancies (breast cancer at 5 yr after the initial
diagnosis of pancreatic cancer, recurrent hypernephroma
metastasizing to the bone at 7 yr after the initial diagnosis)
After initial therapy, patient developed gastric outlet and
biliary obstruction treated with endoscopic stent placement
and double bypass surgery. The patient suffered from
chronic pain and malnutrition necessitating supplemental
feeding and narcotics via intrathecal pump, respectively.
Seven years after the diagnosis, the patient developed
bowel perforation at the site of previously placed duodenal
stent and died from sepsis
The tumor was resectable but cirrhosis discovered
incidentally at laparoscopy precluded patient from
resection. The patient developed bladder cancer (2 yr after
diagnosis) treated with resection and chemotherapy, and
chronic renal failure due to glomerulonephritis (6 yr after
diagnosis) requiring hemodialysis. The patient underwent
multiple interventions for recurrent cholangitis
ERCP at the time of diagnosis was complicated by
perforated duodenal diverticulum requiring surgery for
the repair of perforation and double bypass surgery at the
same time. GD was used intermittently to treat disease
progression over 5 yr until death
Prophylactic double bypass surgery was performed
at diagnosis. Patient was later treated with GD and
investigational monoclonal antibody therapy for local and
peritoneal recurrence, respectively
Patient experienced recurrent cholangitis and liver abscess
requiring multiple biliary interventions

1

Disease progression was defined as the presence of recurrent tumor in the pancreas (local) or development of new metastatic focus in a distant organ
(systemic) coinciding with patient’s symptom and/or rise in Ca 19-9. Time to initial progression was measured from initial diagnosis (the date with the first
pathological evidence of pancreatic adenocarcinoma) to the date of first progression; 2Overall survival was calculated from initial diagnosis to the date of
death. The actual date of death was confirmed in all patients by assessing the cancer registry. N/A: Not applicable; GD: Gemcitabine and doxetaxel; 5-FU +
R: 5-fluorouracil and radiotherapy.
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metastases.
Long-term survival in our non-resected patients
implies that the survival may be determined by factors
other than the stage of the cancer and treatment,
such as tumor biology and host immunity. The tumors
in long-term survivors may have a lower number
of cancer-initiating cells (aldehyde dehydrogenasehigh), cells that possess properties of self-renewal,
[44]
tumor initiation, and differentiation . Other studies
have shown a poorer prognosis in patients who have
more mesenchymal tumors, which express vimentin,
[45,46]
fibronectin, and N-cadherin
, suggesting that
long-term survivors may have tumors with more
epithelial features. Although many gene amplifications
and deletions, epigenetic changes and proteomic
abnormalities have been identified, the biology of
pancreatic cancer is still poorly understood. Of particular
interest in this regards is that patient 5 (Tables 2
and 3) had a remarkable family history of breast
and gastrointestinal cancer and a BRCA2 mutation,
a phenotype known to possess unusual sensitivity to
[47,48]
PARP-1 inhibitors and platinum based drugs
.
On the other hand, there has been increased
interest in the role of host immunity in the outcomes
of pancreatic cancer. α-Enolase (ENO1) is an enzyme
expressed on the surface of pancreatic cancer cells
responsible for cell migration and metastasis. A recent
study showed that there was a decreased number of
ENO1-specific T helper 17 cells, which have anti-tumor
effector function, in patients with pancreatic cancer.
Conversely, elevated levels of ENO1-specific regulatory
T cells, which lead to the inhibition of the effector T
cells and promotes tumor progression, were noted in
[49]
pancreatic cancer patients . These results may be
relevant for the design of novel immunotherapies for
pancreatic cancer, include passive immunotherapeutic
approaches, such as the use of effector cells generated
in vitro, and active immunotherapeutic strategies,
whose goal is to stimulate an antitumor response in
[50]
vivo, by means of vaccination .
In addition, the presence of a systemic inflam
matory response has been postulated as having
prognostic significance in malignancy and high NLR
was independently associated with worse outcome in
[51]
pancreatic cancer . In our small cohort of survivors, a
wide range of NLR was observed and further validation
in a large population of patients with pancreatic cancer
would be useful to determine its predictability in longterm survival.
There are several limitations to our study. Firstly,
as our institution is a tertiary referral center, patients
may not be an accurate representation of the average
patient population. There may be a tendency for
patients who are younger with good performance
status to be referred and selected for treatment (referral
and selection bias). Secondly, histology subtypes and
lymphocyte infiltrations in the tumors of the long-term
survivors are unknown due to the inadequacy of FNA
samples. However, all specimens from the 11 non-
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resected survivors were re-reviewed by a pathologist to
confirm the presence of adenocarcinoma and exclude
autoimmune pancreatitis, neuroendocrine tumors and
cancers arising from the bile duct, gallbladder and
duodenum. In addition, every CT scan used to clinically
stage patients in the 11 non-resected survivors was
re-reviewed by an experienced pancreas cancer
surgeon who had no involvement in the original care
of the patients. Thirdly, our study population was
predominantly Caucasian and additional studies in
patients of other ethnic background are warranted.
Lastly, we do not have detailed data for non-resected
patients who survived less than 5 years for comparison,
which may allow us to identify predictors of long-term
survival.
In conclusion, a rare subset of patients with pan
creatic adenocarcinoma achieve long-term survival
without resection. However, morbidities unrelated to
disease were frequently encountered and a close longterm follow-up is warranted in these patients. Our
series implies that factors other than the stage of the
disease such as tumor biology and host immunity may
play a key role in the outcome of patients afflicted with
pancreatic cancer. Continued investigation of clinical
and molecular prognostic markers is therefore needed
in the future.
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Case characteristics
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Abstract
Graves’ disease is an autoimmune disease, which
can manifest with a variety of extrathyroidal clinical
syndromes like ophthalmopathy, pretibial myxedema
(dermopathy), acropathy, cardiomyopathy, and
encephalopathy. Though quite rare, this disease
can also manifest with gastrointestinal symptoms
such as dysphagia, heartburn, nausea, vomiting and
diarrhea. We report a clinical case of Graves’ disease
manifesting with dysfunction of the esophagus and
heartburn in a 61-year-old man. In the muscular layer
of the esophagus we found dystrophic changes led to
its atony, which was documented by endoscopy and
high-resolution manometry. The pathology features of
esophageal symptoms were: focal proliferation of the
basal cells, vascular distension, and dystrophy of the
epithelial cells. Antithyroid treatment led to decrease
of all clinical symptoms after 5 d of Thiamazole
administration. Complete restoration of peristalsis in
the esophagus, according to manometry, was observed
in 1 mo after initiation of treatment.
Key words: Graves’ disease; Heartburn; Odynophagia;
Esophagopathy; Dysfunction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report a clinical case of Graves’ disease
manifesting with dysfunction of the esophagus and
heartburn in a 61-year-old man. In the muscular layer
of the esophagus we found dystrophic changes led to
its atony, which was documented by endoscopy and
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high-resolution manometry.
Evsyutina Y, Trukhmanov A, Ivashkin V, Storonova O, Godjello
E. Case report of Graves' disease manifesting with odynophagia
and heartburn. World J Gastroenterol 2015; 21(48): 13582-13586
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i48/13582.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i48.13582

INTRODUCTION
Graves’ disease (diffused toxic goiter) is an autoimmune
disease which is characterized by the presence of
circulating autoantibodies that bind to and stimulate the
TSH receptor, which eventually leads to hyperthyroidism
[1]
and goiter . It’s a rare disease which can manifest
with gastrointestinal symptoms like dysphagia, nausea,
[2]
vomiting and diarrhea . We present a clinical case
of Graves’ disease manifesting with odynophagia and
heartburn in a 61-year-old man.

CASE REPORT
A 61-year-old-man was admitted to the Clinic of the
First Moscow State Medical University on May 2014
with the following complaints: odynophagia arising
on swallowing of both solid and liquid food, severe
heartburn, tachycardia, dyspnea, general weakness,
and weight loss of 15 kg over the past year.
From the medical history, it was noted that the
patient was sick since June 2013, when he first noted
the appearance of heartburn, which manifested in
15-20 min after eating and odynophagia, which arose
on swallowing solid food. Based on the results of the
conducted esophagogastroduodenoscopy (EGD),
he was diagnosed with distal esophageal reflux and
was prescribed therapy with proton pump inhibitor
(PPI) -Omeprazole 20 mg per day and antacids. The
prescribed therapy did not produce any positive effect
as the patient noted an increase in the severity of the
heartburn and odynophagia, which began to worsen
further and emerged even while swallowing liquid
food. Following a comprehensive survey performed in
October 2013, a complete blood analysis was done,
all his blood parameters were within normal values, in
the general analysis of urine and feces-all indicators
were normal too. A re-esophagogastroduodenoscopy
was done which revealed distal reflux esophagitis,
on basis of which the diagnosis was changed to
refractory gastroesophageal reflux disease and the
dose of omeprazole was increased to 20 mg 2 times
a day. However, the patient's condition progressively
worsened-with heartburn and odynophagia the patient
also experienced general weakness, tachycardia and
dyspnea on exertion. In January 2014 after a reendoscopy performed on the patient it was decided
to change the PPIs from omeprazole to rabeprazole
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20 mg 2 times a day and to this was added itopride
50 mg three times a day. This change of therapy did
not produce any positive clinical response, the patient
noted a strong heartburn after every meal, in addition
to the above mentioned symptoms, and the patient
also lost 15 kg of weight during the course of the
disease.
On admission to the clinic, the general condition of
the patient was relatively satisfactory. BMI was 19.6
2
kg/m . Skin and visible mucous layers-physiological
color and moist. On auscultation, vesicular breathing,
no pathologic lung sounds were heard. Cardiac sounds
were rhythmic. Pulse 90 beats per minute. BP 130/70
mmHg. Upon abdominal palpation-soft and painless
in all areas. Liver could be palpated along the edges
of the right costal arch. The thyroid gland was not
enlarged, nodules were not palpable. The patient
tested positive for symptom Marie (tremor of the
fingers of the hand). No edema.
On examination: in complete analysis of blood12
hemoglobin 143 g/L, erythrocytes 5.27 × 10 ,
9
9
leukocytes 6.34 × 10 , platelets 258 × 10 , ESR 10
mm/h. In the biochemical analysis of blood: total
protein 76.0 g/L, albumin 47.0 g/L, creatinine 64.0
U/L, glucose 5.9 mmol/L, sodium 145.0 mmol/L,
potassium 4.8 mmol/L, calcium 2. 53 mmol/L, total
cholesterol 4.9 mmol/L, creatine kinase 50.0 U/L, AST
24.0 U/l, ALT 40.0 U/L, total bilirubin 14.5 U/L, iron
17.63 mmol/L. Overall urine analysis and stool showed
no abnormalities. According to the electrocardiogramsinus tachycardia with a heart rate of 96 beats per
minute, intervals PQ 0.18’, QRS 0.08’, QT 0.34’ and
normal electrical axis of the heart. Given tachycardia
and dyspnea on exertion for a long period of time,
the patient underwent echocardiography, the results
of which revealed atherosclerosis of the aorta, mitral
st
regurgitation of 1 degree, contractile function of which
is satisfactory (ejection fraction 61%, stroke volume
80 mL). According to the results of the endoscopy it
was noted that the patient suffered from esophageal
dysmotility problem with severe hypotonia of the
upper and middle third and segmental spasm in the
lower third of the esophagus. Based on the results of
the endoscopy and long-term course of the disease
a decision was taken to do multiple biopsies of the
esophagus. Morphological examination of the biopsy
specimens revealed the following changes: Focal
proliferation of the basal cells, plethora of vessels and
stasis of erythrocytes in the vessels of lamina propria
papillae, and dystrophy of the epithelial cells (Figure
1A and B).
The patient also underwent high-resolution mano
metry, the results of which: the resting pressure upper
esophageal sphincter (UES) 47 mmHg (normal 46-81
mmHg), resting pressure lower esophageal sphincter
(LES) 29 mmHg (normal 10-35 mmHg), the opening
of the UES and LESs in response to swallowing of
water was normal. In thoracic esophageal peristaltic
contractions were absent. This marked an increase
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A

A

B

B

Figure 1 Stratified squamous non-keratinized epithelium stained with
haematoxylin and eosin. A: Focal proliferation of the basal cells (arrow,
magnification × 100); B: Plethora of vessels and stasis of erythrocytes in the
vessels of lamina propria papillae (arrow), dystrophy of the epithelial cells (arrow,
magnification × 400).

in the intraesophageal pressure at the time of the
passage of the liquid bolus and 1-2 s later in the
distal part of the esophagus was registered spastic
contraction with low amplitude (19 mmHg) (Figure 2A
and B).
Taking into account the patient's complaints:
tachycardia, dyspnea, general weakness, weight loss,
as well as positive symptom of Marie, the patient’
s blood was checked for the levels of the thyroid
hormones. The analysis revealed the following changes:
thyrotropin-releasing hormone 0.0025 mU/L (normal
0.4-4.0 mU/L), triiodothyronine 14.3 pmol/L (normal
3.5-6.5 pmol/L), thyroxine 39.3 pmol/L (normal
11.5-23.2 pmol/L), antibodies to the TSH receptor
7.6 IU/L (normal 0-1 IU/L), anti-thyroid peroxidase
antibodies 39 IU/L (normal 0-30 IU/L). Thus, the
patient showed signs of marked thyrotoxicosis. In
order clarify the exact causes of thyrotoxicosis an
ultrasound of the thyroid gland was done, the results of
which showed: enlargement of the thyroid gland, the
right lobe 22 mm × 23 mm × 53 mm, left lobe 21 mm
× 23 mm × 51 mm isthmus 4.5 mm, thyroid volume
3
24.6 cm ; the contours of the gland capsule were clear,
smooth, and the structure of the parenchyma was
heterogeneous with the formation of zones reduced
and increased echogenicity. To eliminate the diagnosis
of toxic adenoma was done thyroid scintigraphy with
99th Tc-pertechnetate. The intake of radioactive
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Figure 2 High-resolution manometry. A: Lack of peristaltic contractions in the
thoracic esophagus (arrow); B: The intraesophageal pressure was increased
during the passage of the liquid bolus and 1-2 s later in the distal part of the
esophagus was registered the spastic contraction (arrow).

isotope of the thyroid gland were significantly higher
than normal (15.1%) (normal 3%-7%), which was of
uneven-diffused character; was observed asymmetric
distribution of radiopharmaceuticals between the
lobes, with some of its predominance in the right lobe;
local sources of hypo-and hyperfixation indicator were
not detected.
Based on the results of this survey, the patient was
st
diagnosed with 1 degree Graves’ disease of average
severity in the stage of decompensation and was
prescribed treatment with antithyroid drug Thiamazole
10 mg 3 times a day, and β-blocker Bisoprolol 2.5
mg in the morning. Following the therapy after 5
d, the patient noted a decrease in heartburn and
odynophagia, and a complete disappearance of the
above mentioned symptoms after a month.
The patient underwent a re-manometry a month
later. There was a complete restoration of peristalsis
in the thoracic region of the esophagus; he showed no
signs of esophageal spasm (Figure 3).
The patient continues to receive antithyroid drug
therapy at a dose of 10 mg 3 times a day, on achieving
the euthyroidic state, its planned to reduce the daily
dose by 5 mg every week to a maintenance dose of 10
mg per day.

DISCUSSION
Graves’ disease can manifest with a variety of extra
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Figure 3 High-resolution manometry (against the background of
antithyroid drug therapy) in the thoracic region of the esophagus is noted
the normal esophageal peristalsis in response to swallowing of water
(arrow).

thyroidal clinical syndromes like ophthalmopathy,
[3]
pretibial myxedema (dermopathy), acropathy ,
[4]
[5]
cardiomyopathy , encephalopathy . Though quite
rare, this disease can also manifest with gastrointestinal
symptoms such as dysphagia, heartburn, nausea,
[2]
vomiting and diarrhea .
The lesion of the esophagus in patients with
Graves’ disease may be caused by various reasons.
The first being extrinsic enlargement of the thyroid
gland, however, for our patient, his thyroid gland was
not that enlarged, eliminating the above mentioned
mechanism. On the other hand, the excess production
of thyroid hormones can lead to the dysfunction of
bulbar muscles, which is manifested by symptoms
[6,7]
such as dysphagia, dysarthria and dysphonia . As
for our patient, none of the above mentioned symp
toms were present, indicating a completely different
mechanism of esophageal complaints.
In the present case, its most likely that there is
is a direct effect of excess amount of thyroxine and
triiodothyronine on the mitochondria of the muscle
cells of the esophagus, leading to the dissociation
of oxidative phosphorylation, which in turn causes
a disruption of synthesis of the ATP and deenergiza
[8]
tion tissues . Triiodothyronine and thyroxine are
mitochondria-targeting protonophores that can cross
the lipid bilayer membrane and transmit the protons
through the inner membrane back to the matrix. It
leads to loss of electrochemical gradient and cessation
[8]
of ATP synthesis . Due to the reduction of oxidative
phosphorylation dystrophic lesions in esophageal
muscles and atonic esophagus were developed.
In this patient dystrophic changes in the muscular
layer of the esophagus led to its atony, which was
confirmed by endoscopy and manometry, and clinical
equivalent of this changes was odynophagia.
Another key symptom of the patient was strongly
expressed heartburn. In this case, it could be due to
the ineffective esophageal motility-the patient had
a complete absence of peristaltic contractions in the
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thoracic region of the esophagus-resulting in slower
bolus clearance (the time required for the esophagus
to empty the contents which had entered it by means
of primary and secondary peristalsis). The slower
bolus clearance is accompanied by a longer delay
in the esophageal reflux which creates a pressure
high enough for the LES and as a result is clinically
accompanied by heartburn.
The histology of esophageal symptoms were
degenerative changes in the esophageal mucosa,
which were expressed by focal proliferation of the basal
cells, plethora of vessels and stasis of erythrocytes in
the vessels of lamina propria papillae, and dystrophy
of the epithelial cells.
Therefore striking confirmation of the fact that
the esophageal symptoms with such a nature of
occurrence, had a rapid clinical response to antithyroid
drug therapy and there was a complete recovery of
the esophageal peristalsis which was confirmed by the
results of the esophageal manometry.
In conclusion, it should be noted that Graves’
disease can manifest not only with the thyrotoxic
cardiomyopathy, encephalopathy, opthalmopathy,
dermopathy and acropathy, but also with thyrotoxic
esophagopathy. Odynophagia can be revealed on
the thyrotoxic esophagopathy as well as previously
described dysphagia and heartburn.

COMMENTS
COMMENTS
Case characteristics
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This paper reports our experience with a new overthe-scope clip in the setting of recurrent bleeding and
oesophageal fistula. We treated five patients with the
over-the-scope Padlock Clip™. It is a nitinol ring, with
six inner needles preassembled on an applicator cap,
thumb press displaced by the Lock-It™ delivery system.
The trigger wire is located alongside the shaft of the
endoscope, and does not require the working channel.
Three patients had recurrent bleeding lesions (bleeding
rectal ulcer, post polypectomy delayed bleeding and
duodenal Dieulafoy’s lesion) and two patients had
a persistent respiratory-esophageal fistula. In all
patients a previous endoscopic attempt with standard
techniques had been useless. All procedures were
conducted under conscious sedation but for one patient
that required general anaesthesia due to multiple
comorbidities. We used one Padlock Clip™ for each
patient in a single session. Simple suction was enough
in all of our patients to obtain tissue adhesion to the
instrument tip. A remarkably short application time was
recorded for all cases (mean duration of the procedure:
8 min). We obtained technical and immediate clinical
success for every patient. No major immediate, early
or late (within 24 h, 7 d or 4 wk) adverse events
were observed, over follow-up durations lasting a
mean of 109.4 d. One patient, treated for duodenal
bulb bleeding from a Dieulafoy's lesion, developed
signs of mild pancreatitis 24 h after the procedure.
The new over-the-scope Padlock Clip™ seems to be
simple to use and effective in different clinical settings,
particularly in “difficult” scenarios, like recurrent
bleeding and respiratory-oesophageal fistulas.
Key words: Therapeutic endoscopy; Over-the-scope
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clip; Non variceal gastrointestinal bleeding; Endoscopic
hemostasis; Respiratory-oesophageal fistula; Fistula
closure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report our experience with the novel overthe-scope Padlock Clip™, applied in five patients in the
clinical settings of oesophageal fistulas and refractory
TM
gastrointestinal bleeding. The Padlock Clip has shown
reliable closure of wall defects in a porcine survival
study, although clinical usage remains limited. As yet,
there are no published data regarding its application
in the management of non-variceal gastrointestinal
bleeding. We provide a comprehensive iconographic
documentation and two videos showing its application.
We also accurately describe the device and its release
system, pointing out the differences with the wellknown over-the-scope clip system.
Armellini E, Crinò SF, Orsello M, Ballarè M, Tari R, Saettone
S, Montino F, Occhipinti P. Novel endoscopic over-the-scope
clip system. World J Gastroenterol 2015; 21(48): 13587-13592
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i48/13587.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i48.13587

INTRODUCTION
Given improvements in therapeutic endoscopy techni
ques and devices, endoscopists are being confronted
with clinical complex situations such as perforations,
anastomotic leakage and fistulas.
The incidence of perforations in diagnostic endos
copies is approximately 0.03%, with a mortality rate of
[1]
up to 17% and a morbidity rate of up to 40% ; when
interventional procedures are included, the incidence
[2]
of perforations increases to 5% . It is well known
that a surgical approach to perforations, as well as to
respiratory-esophageal fistulas, has relevant morbidity
and mortality. This is the reason that prompted
[3]
endoscopists to deal with such conditions .
Another complex and demanding condition is nonvariceal gastrointestinal bleeding (NVGIB), which cannot
be managed using conventional endoscopic therapies.
Deeply penetrating fibrotic ulcers are an example of
such a condition. Despite adequate initial endoscopic
therapy, recurrent upper gastrointestinal (GI) bleeding
[4]
can occur in up to 24% of high-risk patients . Surgery
or selective radiological embolization may represent the
salvage therapeutic option, but surgical management
in such patients is often difficult, time-consuming
and related to non-negligible levels of morbidity and
[5]
mortality .
In past years, an over-the-scope clip system (OTSC,
Ovesco Endoscopy AG, Tubingen, Germany) has been
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[6]

tested in large studies for closing GI defects and in
[7]
smaller studies for refractory bleeding , so its clinical
efficacy has been established. Recently a new OTS clip
(Padlock Clip™, Aponos Medical, Kingston, NH, United
States) has been developed and tested in porcine
[8,9]
models for closing wall defects . As of yet, data
regarding its application in clinical practise are lacking.
The aim of this series is to describe our experience
with the novel OTS Padlock Clip™.

CASE REPORT
The Padlock Clip™ is a nitinol ring, with six inner
needles preassembled on an applicator cap (available
for 9.5-11 mm scope tips), thumb press displaced
by the Lock-It™ delivery system (Aponos Medical,
Kingston, NH, United States). The trigger wire is
located alongside the shaft of the endoscope, and does
not require the working channel (Figure 1, Video 1).
This design allows for more efficient suction that is
sufficient to ensure tissue adhesion to the instrument
tip into the cap, not requiring other instruments.
Moreover, the suction of blood and secretions is always
ensured.
When the clip is deployed, it instantly springs back
to its original form, an 11 mm hexagonal ring, and
gathers, folds and compresses the tissue. Proprietary
radial compression technology provides even 360°
tissue compression. Precise tissue controllers limit
penetration and moderate tissue-on-tissue pressure.
Effective tissue closure is obtained that is resistant
to GI pressures, while still maintaining blood flow to
promote healing.
In this series, we included all of the patients
treated using the new Padlock Clip™ between October
2014 and December 2014. An overview of the patient
demographic data, etiology, clinical condition, comor
bidities and previous treatment attempts is listed in
Table 1.

Case 1: Post-mucosectomy delayed bleeding

A 61-year-old patient with multiple comorbidities
underwent a colonoscopy for positive faecal blood;
a large laterally spreading tumor in the rectum was
diagnosed and removed by piecemeal endoscopic
mucosal resection (EMR). One week later, massive
rectal bleeding and hypotension occurred. After an
unsuccessful conventional endoscopic hemostasis
(adrenaline injection plus endoscopic clipping), we
decided to apply the Padlock Clip™ to obtain immediate
control of the bleeding (Video 2). Clip retention was
documented during the three-month endoscopic
control (Figure 2) without clinical consequences.

Case 2: Solitary rectal ulcer bleeding

A solitary rectal ulcer showing overt bleeding was
diagnosed in an 80-year-old male with hemorrhagic
shock. Due to the large, deeply penetrating hard base
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A

B

Figure 1 Hexagonal Padlock Clip™ (A) and the push-bottom Lock-It™ delivery system (B).

A

B

Figure 2 Post-polypectomy delayed bleeding. Permanent hemostasis was achieved by Padlock Clip™ application (A). At three-month endoscopic follow-up,
persistence of the Padlock Clip™ under hyperplastic mucosal proliferation (B).

Table 1 Patient demographic and clinical information
No.

Age, yr

Etiology

Clinical condition

1
2
3

61
80
85

Endoscopic mucosal resection
Solitary rectal ulcer
Duodenal Dieulafoy lesion

Delayed rectal bleeding
Rectal bleeding
Duodenal bleeding

4
5

53
66

Mediastinal lymphoma
Post-laringectomy radiochemoteraphy

Comorbidities

Hypertension, HF, RF
Hypertension
Hypertension, prosthetic aortic valve,
HF
Broncho-esophageal fistula
None
Tracheo-esophageal fistula
COPD, HIV+, hypertension, HF

Previous treatment
Endoclip, injective therapy
Endoclip, injective therapy
Injective and thermal therapy
Endoclip
Endoclip, salivary stent

HF: Chronic heart failure; RF: Renal failure; COPD: Chronic obstructive pulmonary disease.

of the ulcer, we considered that using a conventional
through-the-scope clip would likely be unsuccessful.
Injective and thermal devices were insufficient for
controlling bleeding and, therefore, a Padlock Clip™
was deployed obtaining durable hemostasis (Figure 3).

Case 3: Duodenal Dieulafoy lesion

The patient was referred for shock due to massive
gastrointestinal bleeding on the third day after
major cardiac surgery for prosthetic thoracic aorta
replacement. An inferior duodenal bulb wall Dieulafoy
lesion was treated with adrenalin injection and argon
plasma coagulator. Twenty four hours later, massive
rebleeding occurred and was successfully controlled by

WJG|www.wjgnet.com

a Padlock Clip™.

Case 4: Broncho-esophageal fistula

A 53-year-old male exhibiting recent onset of a
cough and fever underwent a thoracic and abdominal
computed tomography (CT) scan that revealed
a bulky mediastinal lymphoma complicated by a
broncho-esophageal fistula. An upper endoscopy was
performed and after a failed attempt with traditional
clipping, the absence of esophageal stenosis and
the adequate accessibility of the esophageal edge
prompted us to use the Padlock Clip™ system (Video
3). A tracheal prosthesis was then placed. One month
later, persisting the bulky lymphoma, two new fistula
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A

B

Figure 3 Rectal ulcer before (A) and after Padlock Clip™ application (B).

A

B

C

Figure 4 Endoscopic view after the Padlock Clip™ displacement (A). Computed tomography control (B) showing the clip (white arrow) positioned at the
esophageal edge of the fistula. Rx control (C) after the esophageal self-expandable metal stent release.

tracts developed proximally and distally to the first
one; we accordingly implanted a fully covered, selfexpandable metal stent (Figure 4). No clip retention
was documented during follow-up.

Case 5: Tracheoesophageal fistula

A 65-year-old male received a laryngectomy, followed
by radio-chemotherapy for laryngeal cancer. He was
re-admitted to our hospital because of recurrent
bronchitis and cough. A diagnosis of a tracheoeso
phageal fistula was achieved. After several therapies
failed, we successfully used the Padlock Clip™ at the
esophageal edge of the fistula.

DISCUSSION
All patients were male with a mean age of 69 years.
Conscious sedation was used for four out of the five
patients; one (case 3) required general anaesthesia
due to multiple comorbidities. All patients had already
been treated with standard endoscopic techniques,
which had failed. We used one Padlock Clip™ for
each patient in a single session. Simple suction was
enough in all of our patients to obtain tissue adhesion
to the instrument tip. A remarkably short application
time was recorded for all cases (mean duration of
the procedure: 8 min). We obtained technical and
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immediate clinical success for every patient (Table 2).
Bleeding control was persistent. No rescue therapies,
surgeries or interventional radiologies were necessary.
The fistulous tract was closed in both of our patients.
However, in patient number 4, we observed two new
broncho-esophageal fistulas after one month due to
the persistence of the mediastinal colliquated nodes.
It is worth noting that the recurrences occurred in
close proximity, below and on top of the first opening
of the fistula, which showed the persistence of the
fully deployed Padlock Clip™. Therefore, we decided
to place an esophageal fully covered, self-expandable
metal stent. No major immediate, early or late (within
24 h, 7 d or 4 wk) adverse events were observed, over
follow-up durations lasting a mean of 109.4 d. Patient
number 3, treated for duodenal bulb bleeding from a
Dieulafoy lesion, developed signs of mild pancreatitis
24 h after the procedure. An abdominal CT-scan did
not show transmural penetration of the clip.
In the case of rectal post-polypectomy delayed
bleeding, the 3-mo endoscopic control revealed a
mucosal proliferation hiding the Padlock Clip™. A
biopsy of the redundant tissue was performed and
revealed a foreign body granuloma (Figure 2).
The increasing number of gastrointestinal endo
scopic examinations and more advanced operative
techniques, including EMR and endoscopic submucosal
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Table 2 Results of Padlock Clip™ application
No.
1
2
3
4
5

Technical
success

Operation time
(min)

Treatment outcome

Salvage procedure (surgery,
interventional radiology)

Adverse events/morbidity

Follow up (d)

Yes
Yes
Yes
Yes
Yes

11
6
7
6
8

Persistent control of the bleeding
Persistent control of the bleeding
Persistent control of the bleeding
New fistulas development
Fistula healing

No
No
No
No
No

None
None
Mild pancreatitis
None
None

102
142
90
60
153

dissection (largely applied in the field of oncology) has
yielded a larger number of adverse events. Perforation
during upper and lower GI endoscopies is relatively
rare, but its occurrence is associated with significant
morbidity and potential mortality for the affected
patient.
Furthermore, given recent advancements in equip
ment, the role of therapeutic endoscopies in dealing
with complex clinical conditions, such as GI perforations
and acquired fistulas, is being increasingly tested on an
every-day basis.
In terms of GI bleeding, mechanical hemostatic
methods have been shown to achieve a higher rate
of permanent hemostasis than injections or thermal
[10]
methods alone and endoclips have been increasingly
adopted. Unfortunately, the rebleeding rate after
endoclipping ranges from 7% to 10%. The application
of a standard through-the-scope clip on a large fibrotic
ulcer base is often technically difficult or impossible.
The OTSC clip has advantages of a larger jaw width
[7]
and a greater strength .
To date, the most commonly used over-the-scope
system is the OTSC, which has already been tested in
[6]
large series for closure of GI defects and in a smaller
series for refractory bleeding. It has demonstrated
good technical and clinical success due to its stronger
closure than regular through-the-scope clips, due to
its wider mouth and ability to grip larger amounts of
tissue. The OTSC is associated with only a few adverse
[7]
events .
In our series, we used the new Padlock over-thescope system in three patients with refractory GI
bleeding and two patients affected by esophageal
fistulas, according to the indications already tested
in large series for the OTSC. Although the working
mechanism of the systems are similar, these two
systems differ in some relevant details. Both are made
of nitinol and do not preclude magnetic resonance
imaging. However, the OTSC “bear claw” design differs
from the round-hexagonal Padlock Clip™. Both are
preloaded on an applicator cap. The OTSC is available
in three diameters (11, 12, and 14 mm), two working
depths (3 and 6 mm) and three types of teeth
(atraumatic, traumatic and gastrostomy closure). On
the other hand, the Padlock Clip™ is produced as a
single model. Another important difference is in the
delivery system. The OTSC deployment, similar to a
band ligator, is achieved by triggering a string wire
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connected to a rotating hand wheel that is fastened to
the entrance port of the working channel.
Invaginating the tissue inside the cap is obtained by
suction alone or by the additional use of the OTSC Twin
Grasper or the OTSC Anchor (both Ovesco Endoscopy
AG), inserted through the operative channel. While the
string wire alone does not hamper the suction trough
the operative channel, this may be hampered by such
additional devices.
The novel Padlock Clip™ is displaced with a thumb
press using the Lock-It™ delivery system, which is
located parallel to the endoscope, and does not require
the working channel at all (Figure 1). No tissue grasper
device is available for this over-the-scope clip.
The target tissue is invaginated inside the cap
by simple suction, which allows also for continuous
removal of blood and secretions.
The push-button system is not connected to the
scope and the possibility of easy release by a nurse
is necessary, but it prevents the endoscopists from
having to remove their hands from the scope.
Up to now the novel Padlock Clip™ has been tested
in survival porcine models for the closure of wall
[8,9]
defects .
We used the Padlock Clip™ for the management
of clinical conditions that have been largely tested to
date with the OTSC: refractory NVGIB and GI wall
defects. Standard endoscopic therapy was attempted
in all of our cases; no major adverse events have been
observed.
The OTSC remains attached longer than throughthe-scope clips, likely due to its attachment to the
submucosa and muscularis propria. In a recent series,
the mean retention time of the OTSC was 28 d (range:
[11]
0-42 d) . In a larger retrospective study of the OTSC
system, clip retention occurred in approximately 2/3 of
[12]
patients .
We documented Padlock Clip™ retention for three
months in patient number 1 and for one month in
patient number 4. We did not determine the mean
retention time in the other patients.
In patient number 3, we used the Padlock Clip™ on
a Dieulafoy lesion of the duodenum with technical and
clinical success at stopping the bleeding. However, 24 h
later, we observed the onset of mild pancreatitis, which
was resolved with medical therapy. The connection
between this event and the application of the clip is not
clear in a critically ill patient, although the strict time
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relationship may suggest a cause-effect relation; deep
transmural penetration of the clip was excluded by an
abdominal CT-scan.
Described cases, while confirming a role for the
OTS systems in operative endoscopy (compression
of large tissue areas, non-variceal bleedings difficult
to control and lesions or perforations of the GI tract),
show the Padlock Clip™ to be safe and efficient, with a
short application time.
Particularly it has been effective in "difficult" clini
cal settings like recurrent bleeding and respiratoryoesophageal fistulas. Although other studies are
needed, in our experience the new over-the-scope
Padlock Clip™ seems to be simple to use and effective.
This system may represent a new and alternative
therapeutic option for the management of different
clinical scenarios.
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Abstract
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Major duodenal papilla cancer (MDPC) represents
the primary type of duodenal cancer, and is typically
considered a periampullary carcinoma as most
tumors arise in this region. This report describes
an extremely rare case involving a patient with
rapidly and extensively recurrent MDPC following
pancreaticoduodenectomy, who achieved complete
response by concurrent image-guided radiation
and intravenous oxaliplatin plus oral capecitabine
therapies. The patient was a 50-year-old female who
was admitted to our hospital 6 wk after resection for
MDPC for evaluation of a nontender and enlarged node
in the left side of her neck. After clinical work-up, the
patient was diagnosed with postoperatively recurrent
MDPC with widespread lymph node metastases at the
bilateral cervix, mediastinum, abdominal cavity, and
retroperitoneal area. She was administered whole field
image-guided radiation therapy along with four cycles
of the intravenous oxaliplatin plus oral capecitabine
regimen. A complete response by positron emission
tomography with 18-fluorodeoxyglucose was observed
4 months after treatment. The patient continues to be
disease-free 2 years after the diagnosis of recurrence.
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Core tip: Major duodenal papilla cancer (MDPC) is a
rare malignancy, and there are limited data regarding
its recurrence after radical resection. This report
describes a case of recurrent MDPC with widespread
lymph node involvement at the bilateral cervix,
mediastinum, abdominal cavity, and retroperitoneal
area, 6 wk after pancreaticoduodenectomy. The
patient experienced a complete response to imageguided radiation therapy and a concomitant regimen
of intravenous oxaliplatin plus oral capecitabine, and
remains disease-free 2 years after the diagnosis of
recurrence. This, to our knowledge, is the first case
to demonstrate the role of chemoradiotherapy with
improved survival in extensively recurrent MDPC.
Li BS, Shi H, Wen M, Xiao MY, Wang J. Widespread lymph
node recurrence of major duodenal papilla cancer following
pancreaticoduodenectomy. World J Gastroenterol 2015; 21(48):
13593-13598 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i48/13593.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i48.13593

INTRODUCTION
Major duodenal papilla cancer (MDPC), despite
representing approximately 60% of all small bowel
malignancies, remains a very rare disease that
comprises less than 0.5% of all gastrointestinal
[1]
cancers . The primary treatment is surgical resection,
with pancreaticoduodenectomy or Whipple procedure
[2]
as the preferred approach for resectable lesions .
However, recurrent disease following radical surgery
has been inadequately documented. Particularly,
there is very little data in the literature regarding
the treatment of relapse settings involving multiple
lymph node (LN) metastases. This report describes
a case involving widespread LN recurrence of an
adenocarcinoma of the major duodenal papilla after
pancreaticoduodenectomy in which complete response
was achieved by image-guided radiation therapy (IGRT)
and a concomitant regimen of intravenous oxaliplatin
plus oral capecitabine (XELOX).

CASE REPORT
An otherwise healthy, 50-year-old Chinese female
had previously consulted another hospital in January
2013 with significant upper abdominal pain. At that
time, she underwent a pancreaticoduodenectomy and
lymphadenectomy, and was diagnosed intraoperatively
with MDPC. Postoperative pathology revealed a welldifferentiated adenocarcinoma of the major duodenal
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papilla. Surgical margins and four LNs were negative
for tumor tissue. The patient’s postoperative course
was uneventful and she was discharged 2 wk after the
operation.
Six weeks following the surgery, in March 2013,
she became aware of a hard, palpable nodule in the
left supraclavicular area, and was referred to our
hospital. Upon initial examination, she had no clinical
symptoms, such as hoarseness, abdominal pain,
or melena. The Karnofsky performance status was
90%. Physical examination of the cervical region
showed a fixed, nontender, left supraclavicular
LN, approximately 2 cm in diameter. A total body
computed tomography (CT) scan revealed swollen
LNs at the bilateral cervix, mediastinum, abdominal
cavity, and retroperitoneal area (Figure 1A-C). At
this time, the patient’s serum level of carbohydrate
antigen (CA)19-9 was 1046 U/mL (normal range, <
34 U/mL). Metastatic adenocarcinoma was confirmed
by ultrasonographic-guided fine-needle biopsy of the
left neck. Subsequent fluorodeoxyglucose-positron
emission tomography/CT (PET/CT) fusion imaging
revealed hypermetabolic foci at the above-mentioned
sites with mean standard uptake values of 2.8 (bilateral
cervix), 2.4 (mediastinum), 1.8 (abdominal cavity) and
1.8 (retroperitoneal area) (Figure 2A). Based on these
findings, postoperative widespread LN recurrence of
MDPC was the likely diagnosis. After multidisciplinary
consultation, a multimodality therapeutic strategy
was planned consisting of whole-field IGRT and four
concomitant cycles of the XELOX regimen [intravenous
2
oxaliplatin (130 mg/m ) on day 1 and oral capecitabine
2
(750 mg/m ) twice daily on days 1-14 every 4 wk].
Specifically, the dose prescriptions of IGRT were
6444 cGy/25 plus a boost of 1745 cGy/7 fractions to
the left cervical nodes, 6170 cGy/25 plus a boost of
1754 cGy/7 fractions to the right cervical nodes, 6170
cGy/25 plus a boost of 1730 cGy/7 fractions to the
mediastinal nodes, and 5744 cGy/25 fractions to the
celiac nodes. The dosimetric values for target coverage
and organ-at-risk sparing were defined according
to the criteria of the International Commission on
Radiation Units and Measurements guidelines. The
gross tumor volume was defined as the resection
site and the suspicious LNs visualized on CT imaging,
including the bilateral cervical, mediastinal, and
retroperitoneal areas (Figure 3). Prescribed doses
were the minimum for the gross tumor volume. The
outlined organs at risk were the uninvolved bilateral
lungs, esophagus, spinal cord, bilateral kidneys, and
small bowel (Figure 3). IGRT planning was performed
using the Varian Medical Systems Eclipse 11.0.47
(Varian Medical Systems, Inc., Palo Alto, CA, United
States). There were no interruptions or delays in
chemoradiotherapy.
One and a half months after treatment, a reevaluation with CT scan was carried out. Remarkably,
the patient achieved a near complete remission
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Figure 1 Computed tomography images of the recurrent lymph node metastases (red arrows). A-C: At the time of recurrence (A: Cervical region; B: Mediastinal
region; C: Retroperitoneal region); D-F: Images taken 1.5 mo after chemoradiotherapy (D: Cervical region; E: Mediastinal region; F: Retroperitoneal region); G-I:
Images taken 2 years after treatment (G: Cervical region; H: Mediastinal region; I: Retroperitoneal region). The recurrent lymph nodes dramatically decreased in size 1.5
mo after treatment, and nearly disappeared 2 years after treatment.

A

B

Figure 2 positron emission tomography/computed tomography images of
the patient. A: Before treatment; B: Two years after chemoradiotherapy.

(Figure 1D-F), and her serum CA19-9 level returned to
normal.
The patient completed chemoradiotherapy in
late July 2013. No other adverse effects with clinical
significance were observed, except grade 3 diarrhea
and grade 2 skin reactions. A subsequent 2-year followup showed no evidence of disease recurrence (Figure
1G-I). Furthermore, a recent fluorodeoxyglucose-PET
examination showed almost total disappearance of the
known uptake areas (Figure 2B).

DISCUSSION
Recurrent disease after curative resection represents a
major challenge for effective treatment of MDPC, which

WJG|www.wjgnet.com

has a median survival of less than 1 year after the
[3,4]
diagnosis of recurrence . These studies also report
a median time to tumor recurrence of 14.5-29 mo,
with locoregional (tumor bed and regional LNs) and/or
distant (liver, peritoneum, lung, and supraclavicular
LNs) recurrence patterns. The predominant site of
relapse is the operative bed, followed by the liver and
retroperitoneal LNs. Widespread metastatic LN failure,
[5,6]
however, is extremely rare . Moreover, there are
limited reports concerning treatment decisions for cases
of recurrent MDPC following pancreaticoduodenectomy,
especially for rapid, widespread LN recurrence. The
current case involves a patient who experienced early
and extensive LN recurrence along with an elevated
CA19-9 level less than 2 mo following surgery.
Complete response was achieved with concurrent
therapies of IGRT and a XELOX regimen. This, to our
knowledge, is the first case to demonstrate the role
of chemoradiotherapy and a corresponding survival
improvement in extensively recurrent MDPC.
Given the rare occurrence of MDPC, the role of
chemotherapy, radiotherapy, or combined chemo
radiotherapy remains unclear, particularly for recurrent
disease after surgery. For patients with inoperable
or metastatic small bowel adenocarcinoma (SBA),
chemotherapy can improve overall survival when
[4,7-9]
compared with no chemotherapy
. These studies
used regimens of capecitabine combined with
oxaliplatin (XELOX or CAPOX), or administered them
as an adjuvant therapy after curative or palliative
[10]
surgery for patients with MDPC . Pharmacologically,
capecitabine is a prodrug of the cytotoxic agent
5-FU, which selectively exerts its anticancer effects
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Figure 3 Initial radiation treatment plan showing isodose distribution images of the body. A: Bilateral cervical area; B: Bilateral supraclavicular area; C:
Mediastinal area; D: Retroperitoneal area.

preferentially in tumor cells via the up-regulation of
thymidine phosphorylase. Furthermore, capecitabine
is orally administered and clinically tolerable during the
treatment process. The combination of capecitabine
with oxaliplatin reduces the need for intravenous drug
administration and associated visits to the clinic. As
advanced and recurrent MDPC are similar in tumor
biology, the XELOX regimen was selected for treatment
of the patient in the case presented here.
The role of radiation therapy (RT) is also not well
defined. Available studies are either retrospective
or involve a small number of patients, and report
either only a slight increase in 1-year survival or no
significant survival advantage for patients receiving
[2,11]
adjuvant RT after resection of primary tumors
.
Nevertheless, retrospective studies have also reported
high rates of in-field control when adjuvant RT was
administered to high-risk patients with positive
margins, LN metastases, and locally aggressive tumor
[5]
biology . Thus, there is general agreement on the
value of RT in reducing local failure of MDPC following
radical resection. IGRT has emerged as a safe and
effective technique to precisely deliver conformal RT
[12,13]
in real time, while sparing critical organs
. Indeed,
successful use of this technique in other malignancies
indicated an additional benefit of IGRT in the treatment
[14,15]
of recurrent MDPC
. Consequently, IGRT was
chosen concurrent with the XELOX regimen to treat
the patient described in this case report, which had
a successful outcome as observed by her survival for
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more than 2 years from the diagnosis of recurrence.
Some side effects have previously been reported
for the same therapies used to treat the patient in
the present case. These include diarrhea, nausea,
vomiting, fatigue, abdominal pain, hand-foot syndrome,
and peripheral sensory neuropathy for the XELOX
regimen, and subcutaneous fibrosis, edema, and joint
[16]
stiffness for IGRT . Indeed, the patient in the present
case experienced grade 3 diarrhea due to the oral
capecitabine, which required temporary parenteral
nutrition. Additionally, acute grade 2 dermatitis
and pneumonitis occurred due to IGRT, though the
patient tolerated these adverse effects well without
discontinuing treatment.
The current AJCC guideline recommends that six
is the minimum number of LNs to be examined for
duodenal cancer, including MDPC, though it has been
[17]
questioned whether the threshold should be raised .
Recent data from the Surveillance, Epidemiology, and
End Results database demonstrated that increasing
the number of dissected LNs correlates to improved
[18]
survival in stage Ⅱ SBA . Other studies also
reported that the removal of at least 15 LNs improved
prognostic discrimination by the pathologic N category,
and that increasing the total number of LNs assessed
markedly improved prognostication for patients with
[18,19]
stage Ⅰ, Ⅱ, and Ⅲ SBA who underwent resection
.
The patient in the present case had only four LNs
dissected, which may explain the rapid and widespread
recurrence of the disease. Nevertheless, there are also
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molecular mechanisms that may be associated with
the aggressiveness of invasion and metastasis early in
[20]
the course of the disease .
Another aspect worth mentioning is the sharply
increased level of the tumor marker CA19-9, which,
in general, is significantly associated with a diagnosis
[21,22]
of pancreatic and colorectal adenocarcinoma
.
However, there is less data concerning the correlation
between serum CA19-9 levels and postoperative
survival in patients with SBA, though a retrospective
multicenter study found that serum CA19-9 values
were independent prognostic factors for progression[23]
free and overall survival of such patients . It is
unclear whether the CA19-9 concentration is a
prognostic indicator in patients with MDPC, though it
can potentially be used to survey for the recurrence of
MDPC. As observed in our patient, there was a sudden
rise in CA19-9 levels 40 d postoperatively, which may
have been indicative of the widespread recurrence of
disease.
In conclusion, our experience demonstrates that
XELOX with concomitant IGRT is a potential treatment
for MDPC patients with widespread LN recurrence after
radical pancreaticoduodenectomy. Therefore, future
studies should further evaluate the efficacy of the
regimen in this very rare setting.

Term explanation

MDPC is typically described as periampullary carcinoma because most tumors
arise in the periampullary region.

Experiences and lessons

A regimen of intravenous oxaliplatin plus oral capecitabine concomitant with
image-guided radiation therapy is a potential treatment for MDPC patients with
widespread lymph node recurrence after radical pancreaticoduodenectomy.

Peer-review

In a case presentation, the authors wrote that a patient was operated on for
major duodenal papilla cancer. the paper is interesting and innovating.
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Pathological diagnosis

Metastatic adenocarcinoma was confirmed by ultrasonographic-guided fineneedle biopsy of the left neck.
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WJG|www.wjgnet.com

12

13597

Kim MJ, Choi SB, Han HJ, Park PJ, Kim WB, Song TJ, Suh
SO, Choi SY. Clinicopathological analysis and survival outcome
of duodenal adenocarcinoma. Kaohsiung J Med Sci 2014; 30:
254-259 [PMID: 24751389 DOI: 10.1016/j.kjms.2013.12.006]
Schmidt CM, Powell ES, Yiannoutsos CT, Howard TJ, Wiebke
EA, Wiesenauer CA, Baumgardner JA, Cummings OW,
Jacobson LE, Broadie TA, Canal DF, Goulet RJ, Curie EA,
Cardenes H, Watkins JM, Loehrer PJ, Lillemoe KD, Madura JA.
Pancreaticoduodenectomy: a 20-year experience in 516 patients. Arch
Surg 2004; 139: 718-725; discussion 725-727 [PMID: 15249403]
Cecchini S, Correa-Gallego C, Desphande V, Ligorio M, Dursun
A, Wargo J, Fernàndez-del Castillo C, Warshaw AL, Ferrone
CR. Superior prognostic importance of perineural invasion vs.
lymph node involvement after curative resection of duodenal
adenocarcinoma. J Gastrointest Surg 2012; 16: 113-20; discussion
120 [PMID: 22005894 DOI: 10.1007/s11605-011-1704-6]
Dabaja BS, Suki D, Pro B, Bonnen M, Ajani J. Adenocarcinoma
of the small bowel: presentation, prognostic factors, and outcome
of 217 patients. Cancer 2004; 101: 518-526 [PMID: 15274064]
Kim K, Chie EK, Jang JY, Kim SW, Oh DY, Im SA, Kim TY, Bang
YJ, Ha SW. Role of adjuvant chemoradiotherapy for duodenal cancer:
a single center experience. Am J Clin Oncol 2012; 35: 533-536 [PMID:
21659832 DOI: 10.1097/COC.0b013e31821dee31]
Poultsides GA, Huang LC, Cameron JL, Tuli R, Lan L, Hruban
RH, Pawlik TM, Herman JM, Edil BH, Ahuja N, Choti MA,
Wolfgang CL, Schulick RD. Duodenal adenocarcinoma:
clinicopathologic analysis and implications for treatment. Ann
Surg Oncol 2012; 19: 1928-1935 [PMID: 22167476 DOI: 10.1245/
s10434-011-2168-3]
Overman MJ, Varadhachary GR, Kopetz S, Adinin R, Lin E,
Morris JS, Eng C, Abbruzzese JL, Wolff RA. Phase II study of
capecitabine and oxaliplatin for advanced adenocarcinoma of
the small bowel and ampulla of Vater. J Clin Oncol 2009; 27:
2598-2603 [PMID: 19164203 DOI: 10.1200/JCO.2008.19.7145]
Fishman PN, Pond GR, Moore MJ, Oza A, Burkes RL, Siu
LL, Feld R, Gallinger S, Greig P, Knox JJ. Natural history and
chemotherapy effectiveness for advanced adenocarcinoma of the
small bowel: a retrospective review of 113 cases. Am J Clin Oncol
2006; 29: 225-231 [PMID: 16755174]
Swartz MJ, Hughes MA, Frassica DA, Herman J, Yeo CJ, Riall
TS, Lillemoe KD, Cameron JL, Donehower RC, Laheru DA,
Hruban RH, Abrams RA. Adjuvant concurrent chemoradiation for
node-positive adenocarcinoma of the duodenum. Arch Surg 2007;
142: 285-288 [PMID: 17372054]
Ynson ML, Senatore F, Dasanu CA. What are the latest
pharmacotherapy options for small bowel adenocarcinoma? Expert
Opin Pharmacother 2014; 15: 745-748 [PMID: 24588646 DOI:
10.1517/14656566.2014.891016]
Kelsey CR, Nelson JW, Willett CG, Chino JP, Clough RW,
Bendell JC, Tyler DS, Hurwitz HI, Morse MA, Clary BM, Pappas
TN, Czito BG. Duodenal adenocarcinoma: patterns of failure after
resection and the role of chemoradiotherapy. Int J Radiat Oncol
Biol Phys 2007; 69: 1436-1441 [PMID: 17689032]
Wang D, Zhang Q, Eisenberg BL, Kane JM, Li XA, Lucas D,

December 28, 2015|Volume 21|Issue 48|

Li BS et al . Recurrent MDPC following pancreaticoduodenectomy

13

14

15

16

Petersen IA, DeLaney TF, Freeman CR, Finkelstein SE, Hitchcock
YJ, Bedi M, Singh AK, Dundas G, Kirsch DG. Significant
Reduction of Late Toxicities in Patients With Extremity Sarcoma
Treated With Image-Guided Radiation Therapy to a Reduced
Target Volume: Results of Radiation Therapy Oncology Group
RTOG-0630 Trial. J Clin Oncol 2015; 33: 2231-2238 [PMID:
25667281]
De Los Santos J, Popple R, Agazaryan N, Bayouth JE, Bissonnette
JP, Bucci MK, Dieterich S, Dong L, Forster KM, Indelicato D,
Langen K, Lehmann J, Mayr N, Parsai I, Salter W, Tomblyn
M, Yuh WT, Chetty IJ. Image guided radiation therapy (IGRT)
technologies for radiation therapy localization and delivery. Int J
Radiat Oncol Biol Phys 2013; 87: 33-45 [PMID: 23664076 DOI:
10.1016/j.ijrobp.2013.02.021]
Szeto A, Chin L, Whelan P, Wilson J, Lee J. Image-guided
radiation therapy using surgical clips for localization of colonic
metastasis from thyroid cancer. Radiat Oncol 2014; 9: 298 [PMID:
25539600]
Monroe AT, Pikaart D, Peddada AV. Clinical outcomes of image
guided radiation therapy (IGRT) with gold fiducial vaginal cuff
markers for high-risk endometrial cancer. Acta Oncol 2013; 52:
1010-1016 [PMID: 22998475 DOI: 10.3109/0284186X.2012.7219
32]
O’Connell MJ, Colangelo LH, Beart RW, Petrelli NJ, Allegra CJ,
Sharif S, Pitot HC, Shields AF, Landry JC, Ryan DP, Parda DS,
Mohiuddin M, Arora A, Evans LS, Bahary N, Soori GS, Eakle J,
Robertson JM, Moore DF, Mullane MR, Marchello BT, Ward PJ,
Wozniak TF, Roh MS, Yothers G, Wolmark N. Capecitabine and
oxaliplatin in the preoperative multimodality treatment of rectal
cancer: surgical end points from National Surgical Adjuvant Breast
and Bowel Project trial R-04. J Clin Oncol 2014; 32: 1927-1934

17

18

19

20
21

22

23

[PMID: 24799484 DOI: 10.1200/JCO.2013.53.7753]
Cloyd JM, Norton JA, Visser BC, Poultsides GA. Does the
extent of resection impact survival for duodenal adenocarcinoma?
Analysis of 1,611 cases. Ann Surg Oncol 2015; 22: 573-580 [PMID:
25160736 DOI: 10.1245/s10434-014-4020-z]
Overman MJ, Hu CY, Wolff RA, Chang GJ. Prognostic value of
lymph node evaluation in small bowel adenocarcinoma: analysis
of the surveillance, epidemiology, and end results database.
Cancer 2010; 116: 5374-5382 [PMID: 20715162 DOI: 10.1002/
cncr.25324]
Sarela AI, Brennan MF, Karpeh MS, Klimstra D, Conlon KC.
Adenocarcinoma of the duodenum: importance of accurate lymph
node staging and similarity in outcome to gastric cancer. Ann Surg
Oncol 2004; 11: 380-386 [PMID: 15070597]
Alwmark A, Andersson A, Lasson A. Primary carcinoma of the
duodenum. Ann Surg 1980; 191: 13-18 [PMID: 7352773]
Boone BA, Steve J, Zenati MS, Hogg ME, Singhi AD, Bartlett
DL, Zureikat AH, Bahary N, Zeh HJ. Serum CA 19-9 response
to neoadjuvant therapy is associated with outcome in pancreatic
adenocarcinoma. Ann Surg Oncol 2014; 21: 4351-4358 [PMID:
25092157 DOI: 10.1245/s10434-014-3842-z]
Stiksma J, Grootendorst DC, van der Linden PW. CA 19-9 as
a marker in addition to CEA to monitor colorectal cancer. Clin
Colorectal Cancer 2014; 13: 239-244 [PMID: 25442815 DOI:
10.1016/j.clcc.2014.09.004]
Zaanan A, Costes L, Gauthier M, Malka D, Locher C, Mitry E,
Tougeron D, Lecomte T, Gornet JM, Sobhani I, Moulin V, Afchain
P, Taïeb J, Bonnetain F, Aparicio T. Chemotherapy of advanced
small-bowel adenocarcinoma: a multicenter AGEO study. Ann
Oncol 2010; 21: 1786-1793 [PMID: 20223786 DOI: 10.1093/
annonc/mdq038]
P- Reviewer: Shiryajev YN S- Editor: Ma YJ L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

13598

December 28, 2015|Volume 21|Issue 48|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
4   8

9   7 7 10  0 7   9 3 2 0 45

© 2015 Baishideng Publishing Group Inc. All rights reserved.

